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City Council
Sacramento, California
Honorable Members in Session:
SUBJECT: FLUORIDATION OF THE CITY'S WATER SUPPLIES
LOCATION AND COUNCIL DISTRICT: City-wide
RECOMMENDATION:
This report is for information only in response to a request by Councilmember Waters.
CONTACT PERSON:

Jim SeqUeira,- DireCto. of Utilities; 431-6607

FOR COUNCIL MEETING OF: January 13, 1998
SUMMARY:
It has been requested that the City of Sacramento consider paying for the annual costs of adding
fluoride to its water supplies if the capital facilities associated with fluoridation can be constructed
at no cost to the City. Installation of chemical feed and storage equipment is estimated to cost
$1,200,000 and initial annual costs to purchase the chemical and maintain equipment are
approximately $350,000.
COMMITTEE/COMMISSION ACTION
None.
BACKGROUND INFORMATION
Since 1853 the City of Sacramento's water supply has not had fluoride either naturally present in
sufficient amount or added to it as a means of preventing dental decay. However, State
legislation passed in 1996 mandated that water systems with more than 10,000 service
connections, that do not presently add fluoride to their water supplies must do so if sufficient
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funds to pay capital and associated annual costs are made available from sources other than their
ratepayers.
Since passage of State legislation, the Department of Health Services has created a prioritized
listing of water systems requiring fluoridation funding. This listing is ranked based on the least
cost per customer connection. Sacramento ranks 29th. The State of California is spearheading
a campaign to find money to fund water fluoridation, but in the near term it is not expected to find
adequate funds for Sacramento.
The Sacramento Dental Association has applied for a grant from the Sierra Health Foundation
to cover the City's start-up costs (i.e., costs to install chemical storage and feed equipment) at two
surface water treatment plants and 28 groundwater wells. However, once this equipment is
installed, the fluoride chemical must be purchased on an ongoing basis and equipment
maintained. The local dental association has requested that the City cover the annual operational
costs if the association obtains the capital funding.
The estimate of annual operations and maintenance costs of the fluoride storage and dosing
system is $350,000. As the water demand increases, the amount of fluoride will also increase
resulting in increased costs. In addition, market increases in the cost of the chemical will also
drive annual operating costs upward.
FINANCIAL CONSIDERATIONS
Annual operating costs of $350,000 are equivalent to a 1.2 percent increase in water rates. If
there is no increase in customer rates, the additional funding would need to be generated by
reducing program funding levels in other areas such as Plant Services operations or the Water
Fund capital improvement program. Such program spending reductions would not be one time
reductions but rather annual and ongoing.
ENVIRONMENTAL DETERMINATION
As there is no City Council action called for as a result of this report, environmental review is not
required.
POLICY CONSIDERATIONS
Historically, the issue of fluoridating the City's water supply has been emotionally charged and has
been rejected at least once by the voters. Past policy has been to leave the decision to the
community at the voting booth.
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MBE/WBE
There are no MBE or WBE issues associated with this report as no services or supplies are being
purchased.
Respe ully Submitted By:

Jim Sdqira
Director of Utilities
RECOMMENDATION APPROVED:

APPROVED:

r
William H. Edgar
City Manager

avid Martinez
Deputy City Mana
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This brochure was prepared by Joanne P.
Wellman, R.D.H., M.P.H., Office of Dental Health
Services, California Department of Health Services,
and was reviewed by numerous dental and health
professionals within the Department and at the
Centers for Disease Control and Prevention's Oral
Health Program. It attempts to dispel some of the ?4
misconceptions surrounding water fluoridation and
focuses on its benefits, safety, effectiveness, and
public policy.
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FLUORIDE: FACTS AND FICTION
Does water fluoridation cause a decrease in
bone health?
No. Current research indicates that, in large enough

doses, fluoride stimulates the formation of bone,
increases bone formation earlier, and increases spinal
bone density. Additional research is necessary to
determine if a cause and effect relationship exists
between_lluoride in drinking water and bone health
(Phipps, 1995). A study by Pak has shown that an
experimental treatment with sodium fluoride, one of
the types of fluoride chemicals added to drinking
water, and calcium citrate can stimulate mineral
buildup and prevent new fractures in osteoporotic
bones of the spinal column (Henriksen, 1994).

Do studies show.an increase in cancer rates in
communities where fluoride is added to the
. drinking water?
-No. More than.fifty -studies have evaluated the
possibility of an association between fluoride in
drinking water and _cancer. Several independent expert
panels of epidemiologists have reviewed the relevant
scientific literature and agree that there is no credible
evidence for an associatioff between either naturally
occurring fluoride or adjusted fluoride in drinking
water and risk of cancer in humans (National Research
Council, 1993).
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Is dental fluorosis or mottling of the teeth the
first visible sign of fluoride poisoning in
children?
No. Dental fluorosis is NOT a sign of poisoning. It is a

condition where the dental hard tissues (enamel) are
more porous than is found in normal enamel.
Drinking fluoridated water at the optimal range of
0.7-1.2 ppm of fluoride will not cause noticeable
dental fluorosis or any functional or cosmetic risk to
teeth (Thylstrup and Fejerskov, 1978). Mild cases of
fluorosis may occur in 10-15 percent of children who
drink fluoridated water from birth; however, this degree
of fluorosis is detected only by a specially trained and
experienced dentist and is not a generalized health
effect (National Research Council, 1993).

Is fluoride a poison?
No. Fluoride is NOT a poison at the concentrations

found in optimally fluoridated water. Like minerals
such as zinc and iron, fluoride is classified by the
National Research Council as an important trace
element in human nutrition (National Research
Council, 1990). But, like many common substances
vital for health, fluoride can be poisonous in excessive
amounts. Daily intake over many years of
- 20-80 milligrams or more, depending upon body
weight, is required to produce symptoms of chronic
poisoning. Doses such as these are associated with
water supplies that contain at least 10 ppm of
naturally-occurring fluoride. •Millions of people have
been consuming water containing natural or adjusted
fluoride at 0.7-1.2 ppm throughout their lives with no
adverse health effects. The ,Society of Toxicology has
stated that, "Under controlled conditions as
recommended by qualified public health authorities,
the Society of Toxicology finds water fluoridation to be
a safe measure." (Society of Toxicology, 1968).
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Is fluoride an enzyme poison—does it inhibit
the activity of enzymes in humans?
No. No evidence exists that demonstrates that fluoride
used in laboratory studies at the optimal level inhibits
or impairs human enzyme activity. The fluoride
concentrations used in these studies which promoted
chemical changes and impaired enzyme metabolism
were hundreds of times greater than the
concentrations normally found in the body (Simons,
1965). The World Health Organization claims that "No
evidence has yet been provided that fluoride ingested
at 1 ppm in the drinking water affects intermediary
metabolism of food stuffs, vitamin utilization or either
hormonal or enzymatic activity." (Jenkins, et al, 1970.)

Are there harmful contaminants in the
fluorides used for water fluoridation?
No. Contaminants are pervasive in chemicals, but the
contaminants found in the chemicals used for water4
fluoridation are controlled and regulated for volume
and amount, so as to not be harmful. The United
States Environmental Protection Agency regulates the
maximum permissible level of contaminants in
drinking water (Pontius, 1991). The maximum
contaminant level (MCL) of fluoride is 4 ppm, while
California's MCL is 2 ppm.

Is the cumulative effect of exposure to fluoride
from water, air, toothpaste, and foods prepared
with fluoridated water dangerous over a
lifetime?
No. Studies of fluoride intake from water, air,
fluoride-containing dental products and food have
shown that fluoride consumption, in an optimally
fluoridated community, is well within the safe limits for
3

human-health. Fluoride levels in air are extremely low,
thus contributing little to a person's overall fluoride
intake. Fluoride levels in water, diet, and toothpaste
vary considerably; therefore, an individual's exposure
to fluoride varies. A person's age, weight, diet,
drinking water source, frequency of use of fluoridecontaining products, and climate all can contribute to
a person's total exposure (U.S. Public Health Service,
1991). A comparison study was conducted looking at
postmortem examinations of organs, bones, and
tissues of long-time residents of Bartlett and Cameron,
Texas, where the water supplies contained 8.0 ppm
and 0.4..ppm of fluoride, respectively. The study
showed that, other than a higher prevalence of dental
fluorosis in Bartlett residents. lifetime consumption of
dietary fluoride at levels considerably higher than
recommended for caries prevention, posed no hazard to
human health (Leone, 1955). The National Academy of
Sciences studied the effects of continuous low level
consumption of fluoride over long periods and found
that daily intake, required to produce symptoms of
chronic toxicity after years of consumption is
20-80 ppm or -more for 10-20 years, depending upon
body:weight, which is equivalent to at least 10 ppm of
naturally occurring fluoride. No danger exists from
drinking optimally fluoridated water (U.S. Public
Health.Service, 1991).
Is._ adjusted water fluoridation considered more
harmfuLthan naturally occurring fluoridation?
No. No chemical difference exists in the fluoride

provided by either natural or adjusted means; hence,
dental benefits are identical,: and no harm exists from
adjusted water fluoridation. Over 100 long-term
fluoridation studies comparing natural or adjusted
water supplies with those of fluoride-deficient
communities consistently demonstrate great
4
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similarities of dental benefits between natural and
adjusted fluoridation (U.S. Department of Health,
Education and Welfare, 1979).

Is fluoridated water harmful to fish?
No. Water fluoridated at 1 ppm has no effect on the

growth of tropical or goldfish. (Elwell and Easlick,
1960). Sea water contains from 1.2-1.5 ppm. Marine
life forms thrive in water with fluoride concentrations
higher than optimal (Kleinberg, 1952).

Has "industrial grade" fluoride been tested for
safety and effectiveness?
All chemicals used for the treatment of water are
"industrial grade" chemicals. This term does not
indicate that it is less pure, only that the major Lise is
for industrial purposes. "Industrial grade" fluoride has
met the American Water Works Association standard
for use in water fluoridation for over 50 years; hence, it
is considered safe and effective. No chemical difference
exists between fluoride present naturally and that
which is added to the water supply. Therefore, safety
can be assured by residents of communities that
fluoridate their water (National Research Council,
1977).

Are fluorides used to fluoridate water supplies
a waste product of the phosphate fertilizer
industry and aluminum manufacturing
industries?
No. Fluorides used to fluoridate water supplies are a

by-product of the phosphate fertilizer industry, as are
many products in use today. The aluminum industry

5
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is a consumer of fluoride, not a producer. The fluoride
from the phosphate fertilizer industry is a naturally
occurring constituent of the phosphate rock and is
recovered during the production of the phosphate
fertilizer (Sanders, 1996).

Does water containing 1.0 ppm fluoride
contain poisonous amounts of fluoride after
boiling?
No. The amount of fluoride in water can increase after
boiling. However, even if 50 percent of the water is
boiled and no fluoride is lost to the atmosphere, the
maximum concentration would only be 2 ppm
(Sanders, 1996). Scientific reports which include
individuals boiling their water for purposes of cooking
do not show any health effects after repeated and
periodic medical examinations (Leone, 1954). The
minimum fluoride dosage required to produce fatality
is 5.0-10.0 grams or 5,000-10,000 mg (ppm). This
dosage represents from 2500 to 5000 times the
amount of fluoride contained in a quart of water
fluoridated at 1.0 ppm (Hodge and Smith, 1954).

Are fluoride drops and tablets not approved by
the U.S. Food and Drug Administration because
they are not considered safe and effective?
Like other products, fluoride supplements have neither
been approved nor disapproved by the FDA because
they were introduced prior to 1962. As a result, under
FDA guidelines, they were "grandfathered" in,
precluding the requirement to obtain a new drug
application.
6
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Can the fluoridation of public water supplies be
documented as a scientifically proven method
in the reduction of dental caries?
f

Yes. The effectiveness of water fluoridation has been
well documented in the scientific literature for over 50
years. The initial studies in Grand Rapids, Michigan;
Newburgh, New York; and Evanston, Illinois, proved
unequivocally that fluoridation, at the optimal
concentration of 1.0 ppm, reduces the incidence of
dental caries by 50-70 percent (Arnold, et al, 1962 and
Mt and Fitzgerald, 1967). A review of the literature
showed that, in the United States alone, 113 studies
were analyzed for caries effectiveness. Effectiveness
ranged between 15-60 percent, depending upon age
group and type of teeth (Murray, 1993). It has also
been demonstrated that caries will increase if water
fluoridation is discontinued in a community for an
extended period. One example is in Antigo, Wisconsin.
Antigo started fluoridating its community water..
supplies in 1949 and discontinued it in 1960. Five
and one-half years later, second graders had more than4
200 percent more decay, fourth graders had 70 percent
more, and sixth graders had 91 percent more decay
than those of the same age in 1960 (Lemke, et al,
1970). Such accumulation of scientific evidence has
consistently proven that children, adolescents, adults,
and seniors show a lower caries prevalence in
fluoridated communities.

Does the fluoridation of public water supplies
target the group which would benefit the most
from its addition, namely infants and young
children under the age of 12, and does it have
any known benefit for adults?
Yes. A survey of U.S. children showed a 39 percent
lower caries prevalence in 5-year-old children with a
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history of continuous residence in optimally
fluoridated communities as compared to fluoride
deficient communities (Brunelle and Carlos, 1989).
There has consistently been a 40-60 percent decline in
decay of British children aged 4 to 6 years living in
.fluoridated communities compared with those living in
nonfluoridated communities. Children of mixed
dentition, between 8-12 years. showed differences in
dental caries rates between 9 percent and 57 percent
for those living in fluoridated and nonfluoridated
communities. Furthermore, there is a consistently
lower caries prevalence in adults and seniors who have
lived continuously in optimally fluoridated areas than
in those living in areas with low fluoride levels, ranging
between 17-35 percent less caries (Newbrun, 1989).

Does fluoridation constitute experimentation
on humans without their consent?
No. The conditions under which facts were learned !4

about fluoridation were provided by a circumstance of
nature, not by human intent or experimentation.
Nature provided answers about the effects of
administering fluorides in various concentration and
over long periods of time (Doty, 1954). Dr. Leo
Alexander, a Boston physician and a medical advisor to
the Nuremburg 'Tribunal writes, "The basic part of the
work on fluoridation that could be construed as
experimentation had actually been done long ago by
nature itself." ". . . it appears that a great many
competent investigators have proven the fact that
fluorine concentration of drinking water between
1.2-3.0 ppm, occurring naturally in many localities, is
perfectly innocuous . . ." ". . .4the proposed fluoridation
of water can no longer be regarded as an experiment in
the sense of our ten rules (on human
experimentation)." (American Dental Association,
1956).
8
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Is fluoridation compulsory mass medication?
Is everyone compelled to drink fluoridated
water?
No. Numerous court decisions have ruled that

fluoridation does not constitute either medication or
compulsion. Nobody is forced to use a public water
supply; bottled water provides a source of drinking
water (Lull, 1955). Fluoridation is the adjustment of a
naturally occurring component of food and water to its
optimum content for improved health. Fluoridation is
considered to be one of the four most important public
health measures of our time, along with
pasteurization, water purification, and immunizatioh
(Harwick, et. al., 1982).

Are there legal ramifications for mandating the
use of an "untested" product for public
J
consumption?
No. The legality of fluoridation has been tested in the

courts more often than any other public health
measure. Courts in over one-half of the States have
heard fluoridation cases, and the constitutionality of
fluoridation has been upheld by State Supreme Courts
in over a dozen states. To date, there has never been a
legal challenge to water fluoridation that has been
upheld on appeal. The few negative decisions in the
lower courts have always been reversed in higher
courts (U.S. Department of Health and Human
Services, 1986). In actuality, fluoridation is not an
"untested" product. It has seen occurring naturally for
over one hundred years in some areas of the country.
Nature, then, has been the primary test_ for
fluoridation.
9
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Is water fluoridation a cost-effective means to
prevent tooth decay?
Yes. Data from scientific studies continue to
demonstrate that fluoridation has significant lifelong
decay-preventing effects and has consistently proven to
be the most cost-effective means of preventing tooth
decay, regardless of socioeconomic status. The annual
cost to fluoridate a community averages $.51 per
person per year, depending on community size, labor
costs, and type of chemicals and equipment used.
(Garcia, 1989). This figure amounts to less than the
cost of one filling. Direct and indirect benefits are
apparent. The need for restorative dental care is lower
in fluoridated communities. Also, there is a reduction
in pain, healthier-looking teeth, and fewer sick days
from time lost from school or work due to dental
disorders or visits to the dentist. The cost of treating
dental disease is paid by all taxpayers, not just the
affected individual, through publicly funded dental
programs provided by health departments, welfare 1
clinics, health insurance premiums, and the military

Is fluoridation considered wasteful because a
small proportion of the water goes for human
consumption?
No. Water that is treated with chlorine, softening
chemicals, and fluorides is used for purposes other
than drinking, such as for watering lawns, washing
cars, and industry. More than 38 different chemicals
are used to treat water. It is more practical, though, to
have the entire water system treated than to attempt to
treat the drinking water alone. Fluoridation of public
water supplies is not a waste. It is the most practical
method to reduce dental caries and is endorsed by the
American Water Works Association (American Water
Works Association, 1982).
10
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STATE OF CALIFORNIA—HEALTH AND WELFARE AGENCY

PETE WILSON,

DEPARTMENT OF HEALTH SERVICES
714/744 P STREET
P.O. BOX 942732
SACRAMENTO, CA 94234-7320

January 28, 1998

The Honorable Joe Serna, Mayor
Members of the City Council
City Hall
Sacramento, CA
Dear Mayor Serna and Members of the City Council:
As you requested, I have provided you with a manual of Fluoridation Allegations and Facts along
with the Department of Health Service's booklet, "Fluoride Facts and Fiction". The allegations
and facts booklet has been assembled by the California Dental Association (CDA) and, along
with the Department's material, represents the latest in scientific information on the safety and
efficacy of community water fluoridation.
If any of the Council members have specific concerns or questions about the safety, efficacy or
cost effectiveness of water fluoridation, please do not hesitate to call me at (916) 327-8903. I
1.
will be happy to respond with the most current, peer reviewed scientific material available. I
lotok forward to a positive vote on operations and maintenance costs at the City Council meeting
on February 3, 1998.
Sincerely,

pavid F. Nelson, D.D.S., M.S.
Fluoridation Specialist
Office of Dental Health Services
California Department of Health Services

"

Governor
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Water Fluoridation: a Response to Critics in Australia and
New Zealand
Brian A. Burt, BDS, MPH, PhD
Eugenio D. Beltran, DDS

Program in Dental Public Health
School of Public Health
The University of Michigan
Ann Arbor, MI 48109-2029

Abstract
Recent questions about the effectiveness of water
fluoridation have come from Diesendorf in Australia
and Colquhoun in New Zealand. This report examines
the arguments of both authors in detail and finds errors
in each. Diesendorf employed an outdated view of how
fluoride exerts its anticariogenic action and took a
number of quotations out of context. Colquhoun's data
are questionable. Neither author has produced evidence to challenge the established safety and effectiveness of water fluoridation.
Key Words: fluoridation, antifluoridation, fluoride,
caries

Fluoridation of public water supplies has had its vociferous critics for many years (1).. The political overtones of the public debate on water fluoridation, and
the often acrimonious personal attacks that accompany
it, long ago overwhelmed true scientific debate in the
public policy arena. Other uses of fluoride get caught
up in this debate by implication, though the unique
social and political nature of water fluoridation always
gives it a special status.
This • a • r anal es several r • •rts from the scientific era re,p. s e. • . • •
e 1980s, which have
uestioned The—Effectiveness of fluoride, especialrwater uon • a . , • . • en n canes. e review
does not consider books, pamphlets, and 'similar materials, nor court cases, and it is not an examination of
past anfittuoncre arguments. Our previous report (2)
fluoride exerted its anticariogenic action
c&lii êd
both systemiCall and topically, though evidence fart
vored the primacy o vanaitilgicgeffet
serves as a basis for this anaTysis.
The principal challenges to fluoridation during the
1980s have come from Diesendorf (3) in Australia and
Colquhoun (4-9) in New Zealand. Both have concluded
that the caries decline has occurred independent of
fluoride, and that fluoridation should not continue as
This study was supported by a contract from the Dental Disease
Prevention Activity, Centers for Disease Control, Atlanta, Georgia.
Send correspondence
and reprint requests to Dr. Burt. Manuscript
.
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public policy. The arguments presented by Diesendorf
and Colquhoun will be examined in detail, and the role
of fluoride in the caries decline discussed.
Diesendorf's Challenge
Diesendorf's report on the nature of the caries. dechile -aroused considerable interest, at least artl b cause it was publis e in a ure. esendorf's principal
argument is that the caries decline cannot be attributed
to water fluoridation, and only partly to other uses of
fluoride. He suggests as alternative hypotheses that the
decline may stem from dietary changes, such as reduced consumption of sugar and increased consumption of whole grains, cereals, and nuts, and from possible changes in the immune system.
To support his argument, Diesendorf first quoted
data from Lawson et al. (10) who reported that the
proportion of Sydney schoolchildren aged 5-12 with
"naturally sound" teeth, by which the authors meant
caries-free, increased from 3.8 percent in 1961 to 20.2
percent in 1967 to 28 percent in 1972.. Because Sydney
fluoridated in 1968, Diesendorf concluded that these
figures showed that the main reduction in caries had
taken place before fluoridation began. There are strong
doubts, however, about whether these . data are sufficiently valid to support any trend analysis. Lawson et
al. stated that the percentages in question were based
on cursory dental screenings - to identify children in
need of treatment and did not follow a standardized
protocol. In addition, the screenings were conducted
only in selected schools in a " . . . white-collar area, and
were never intended to be a representative sample of
Sydney schoolchildren." Further doubt is cast on the
validity of the data from Lawson et al. by Craig, in a
personal communication (August 1986), who compared data from more'standardized surveys (11-13) to
show that DMF rates in both Sydney and Canberra, the'
federal capital, were essentially, stable from the mid1950s through the mid-1960s, when neither city had
fluoridated water.
Sutton (14), a long-time opponent of. fluoridation,
had earlier criticized the paper b y Lawson et al., and
much of Sutton's letter is echoed by Diesendorf. Both
• Suttonand Diesendorf castigate a later report by Burton
et al. (13) that examined declines in caries experience
nms,no Garelnaar
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sons. Diesendorf concluded that the report by Lawson
et al. had been ignored because it was " . . a source of
embarrassment."
The 1978 paper by Lawson et al. had serious limitations as a scientific study, and seemed to be receiving
more attention than it deserved. While Diesendorf
made too much of the dubious prevalence data from
Lawson et al. to support his case, Lawson et al. should
not have cautioned that their results were "-. . . summary data not to be used for detailed studies," and then
claimed that they demonstrated " .. . a modern triumph of preventive health care." A purported increase
in caries-free 5-12-year-old children from 3.8 percent to
20.2 percent in just six years does seem rather precipitous over that age range, and could stem from sampling
or examiner variation. While no one seriously doubts
that the oral health of the children concerned did improve considerably during the 1961-72 period, these
unstandardized data from haphazard samples cannot
be used to support cause-and-effect conclusions.

"The political overtones of the public
debate on water fluoridation, and the
often acrimonious personal attacks
that accompany it, long ago overwhelmed true scientific debate in the
public policy arena."

Diesendorf also presented data from surveys conducted in Sydney in 1954-55(11) and in 1973 (15). Comparison of these surveys show that the DMFT of 13-14year-olds in Sydney dropped from 11.0 to 6.7 during
that period, a change Diesendorf accepted as further
evidence that caries was in decline before fluoridation
began in 1968. But the 1973 data cannot support that
contention, since four years' postfluoridation is ample
time for substantial caries preventive benefits to become evident (16,17).
Later in his paper, Diesendorf reports from studies of
caries declines among children in the Netherlands (18)
and England (19). The studies in question came from
Kalsbeek and from Anderson and colleagues, respectively, and were presented at the First International
Conference on the Declining Prevalence of Dental Caries, held in Boston in 1982. Commenting on Kalsbeek's
finding that caries in selected communities in the Netherlands had declined some 50 percent between 1970
-nd 1980, Diesendorf states:
Kalsbeek also reviewed the use of fluoride tablets and
toothpaste and concluded from the data that "factors
other than 'the effects of different fluoride programs
must play a role."
Diesendorf goes on to state that " . . . the Dutch
:—
review sugeest(s) that fliinrirlo
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portant . . . land] provides evidence against fluoride
toothpaste. . . ."
Kalsbeek's actual comments on the observed decline
in the Netherlands were:
Taking all forms of fluoride application (including
tablets and dentifrices) together, it is clear that these
must have had an effect on the caries experience of
the children. How far this factor can explain the assumed caries reduction is uncertain.
The data from Tiel . . . reveal that all factors taken
together now have more effect than did water fluoridation alone in 1968, especially on the percentage of
caries-free children. Since water fluoridation probably provides the maximum effect of fluoride, one can
conclude that, at the moment, factors other than the
effects of different fluoride programs must play a
role.
Later, in his conclusion, Kalsbeek states:
The increased use of fluoride in different forms was
undoubtedly a causative factor for the reduced caries
experience. However, other as-yet-unknown factors
may play a role.
Essentially, Kalsbeek is saying that the observed decline must be at least partly attributed to the various
uses of fluoride, but that unspecified other factors
could be involved. Kalsbeek's statements conform with
other current views on reasons for the caries decline
(20). .
At the same Boston conference in 1982, Anderson et
al. presented data from several areas in the British Midlands to demonstrate a substantial decline in caries in
children between 1964 and 1980. Anderson et al. tried
to pinpoint when the decline began; to do so, they
employed previously unpublished data collected by the
Gloucestershire Community Dental Service. tommeriting on these data, Diesendorf states:
.
The authors. . . point out that sales of fluoride toothpaste in the United Kingdom were less than 5% of
total sales in 1970, but rose to more than 95% of sales
in 1977. They quote unpublished data from unfluoridated parts of Gloucestershire, collected from 1964
onwards, which show substantial improvements in
children's teeth before the use of fluoride toothpaste
became significant.
Anderson et al. provide details of temporal fluctuations in the caries experience of Gloucestershire children between 1964 and 1980, using several measures of
caries experience. What they actually say about fluoride
toothpaste is:
In three of the four distributions described, marked
improvements can be observed commencing in 19745, which would support an association between the
increasing use of fluoride toothpasteand -a reduction
in caries prevalence. However, this is not the only
point at which a change took place.' The incisors of
the 14-year-olds were improving during the late
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with high caries rates, started in 1971. These changes
at different times indicate that other factors must also
have been involved. Throughout the whole period,
there has been an increasing use of dental health
education in the Gloucestershire schools, and an active campaign against the misuse of vitamin syrups
was conducted in 1966-7.
Anderson et al. also state that their research demonstrates " . . . the difficUlty of trying to undertake analytical epidemiology from information which was collected for descriptive purposes," implying that the specific
values from this data set should not be taken too literally. Like Kalsbeek, Anderson et al. concluded that much
of the caries decline must be attributed to fluoride, but
that there are likely to be other causative factors. Again,
this conclusion does not differ from current views in
dental research.
Diesendorf also adheres to the view that fluoridation
is effective only because it is incorporated into developing enamel, a view that is long outdated (21-23). Diesendorf used data from the Australian town of Tamworth, which showed a steady decline in caries in
children following fluoridation of Tamworth's water in
1963, to argue that the continuing decline could not be
due to fluoridation. He stated, in referenceto the Tarnworth data:
•
. . it has been claimed ever since the commencement of fluoridation that the maximum possible benefits from fluoridation are obtained in children who
have drunk fluoridated water from birth. Six-yearolds Would have done this by 1969, when, according
to the published data, they had a DMFT index of 0.6.
The fUrther reduction in cane's in optimally exposed
6-year-olds, observed in years following 1969, cannot
be due to fluoridation.
While it cannot be demonstrated that further decreases in DMF values were specifically due to fluoridation, it is highly likely that they were due to fluoride:
the effect of fluoridated water combined with the increasing use of fluoride toothpaste over this period
would have acted to reduce caries experience steadily
in the community.
Questions from New Zealand

The efficacy . of fluoridated water in improving children's dental- health in New Zealand has been questioned by Colquhoun (4-9). In an earlier report, Colquhoun (pronounced Co-houn), then a principal dental
officer for the Auckland Health District, had concluded
that fluoridation of Auckland in 1966 had narrowed the
gap between dental need and dental treatment in all
social classes, but especially in the lower classes (24). A
similar conclusion had been reached by others before
11 7.
f+or it 177 'RN theme.'"

In his later works, however, Colquhoun reached
very different conclusions. Using data from the same
source, official health department statistics, four of
these papers in 1984-85 concluded that fluoridation has
been ineffective in preventing caries in New Zealand,
while the fifth (5) was a review of this argument. His
most recent work (9) challenged the credibility of the
pioneering Napier-Hastings fluoridation project in
New Zealand during the 1950s, Much of the argument
in this 1986 report relates to alleged changes in diagnostic standards during the study, similar to those made by
Sutton (34) with reference to the Grand Rapids-Muskegon project, and, as specific criticism of a specific study,
will not be discussed here.

"Diesendorrs principal argument is that the
caries decline cannot be attributed to
water fluoridation, and only partly to
other uses of fluoride. He suggests as
alternative hypotheses that the decline may stem from dietary changes,
•such as reduced consumption of sugar
and increased consumption of whole
grains, cereals, and . nuts, and from
possible changes in the immune
system."

Colquhoun's principal arguinent (6) is that the oral
health of childrenaged 3-13 in a nonfluoridated, lowerclass district of Auckland had improved between 1966
and 1981-82 to the point where it was better than oral
health of children of the same social class in fluoridated
districts. According to these data, oral health within the
fluoridated areas of Auckland seemed to have improved equally among all social classes between 1966
and 1981. Colquhoun's data showed that the 1981 rate
of permanent fillings per child in fluoridated districts of
Auckland ranged from 0.25 in.the highest social rank
area to 0.79 in the lowest, while the nonfluoridated area
(Onehunga), which was classified as being of the lowest social rank, had a rate of 0.34. He concluded that
while overall improvement in oral health had occurred,
oral health was correlated with social class, but not with
fluoridation.
- Some special features of dental care for schoolchildren in New Zealand are worth noting here. The
School Dental Nurse . plan, established in 1921, is an
imaginative approach to dental care for children that
has now been adopted b y a number of other countries
;v.
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scores in man y localities are virtually all F, because
practically no teeth are extracted and few lesions escape
restoration. Treatment data collected by this efficient
organization are likely to be reliable, though variations
in diagnostic criteria are naturally to be expected.
But questions arise about the data in Colquhoun's
presentations. One concerns the validity of comparing
"social rank" of districts from a 1966 University of
Auckland sociology study and the 1981 New Zealand
census. The marked fluctuations in the numbers of
dental clinics and children completing care in each social class area between 1966-74 and 1981 (6) seem unlikely to be due to the opening and closing of clinics

over that period. When presented without explanation
they raise the question of whether the social class
boundaries in the 1966 study and the 1981 census were
the same. If they were not, then Colquhoun's social
rank comparisons are invalid (6).
A worse flaw came to light in a personal communica• tion from Hunter (June 1987), at the time deputy direct' or . of the Dental Health Program in New Zealand.
Hunter's review of Colquhotin's data showed that 38
percent of the 12-13-year-old children who attended
school in Onehunga, the low social class area described
by Colquhoun (6), actually lived in high social rank
in Auckland, districts that received fluoridated
5areas
?
drinking water. This confounding of residence and fluoride histories produced serious misclassifications and
severely compromised Colquhoun's data, and hence
his conclusions.
•.

"Colquhoun's principal argument is that
the oral health of children aged 3-13
in a nonfluoridated, lower-class
district of Auckland had improved
between 1966 and 1981-82 to the point
where it was better than oral health of
children of the same social class in
fluoridated districts."

Colquhoun defended the validity of the "permanent
fillings per child" measure on the basis of the unusual
comprehensiveness of the New Zealand school dental
system. But Hunter, in his personal commmunic don,
p rovided i1 a from the 12 intermediate schosl
clinics in the AuId ana Health Dighict to_ilibier-that
WAFT scores 0-IT-IT-year-old Ehild-ren KaiiesUr_om
2785-la 4.75 in different clinics. Even more im ortant,
trj
e arv. v'ariatinn
orfillin s er cF1r
year wa g AtiffiriPnt tn gilestion seriousl y this measure
. • - ex rience in Auckland as a
There are several other issues t a m nothing
more than reporting omissions, or that may be real
weaknesses. First, Colquhoun (6)__used aggregate data
for aliases 3-13, so any variation in age distribution5

fec2c1_1_3.
-es
example. that a i- her
in
•ro ortion of •re-schoolchildren •resented
t e higher socia ran areas than in the jvr, If co., the
measure of Remanent Linings per would naturallyiressed in the higher social rank areas. Even the
alte-rative measure of "total fillirTgs -iiid eiiractions per
child," which included the primary dentition, would
have been depressed by a high proportion of younger
children. Second, apart from a comment that all children in nonflt
set—d-W-mor
ewe
—iih-ro-Fxa
fluoride a tications while only at nsk- children rë-

ceived them in fluon • .iairmaggi
ll . ifferent uses of fluoride toothpaste and supplements were
not pursued. Third, there was mention (4) of the high
proportion of-Maoris and Pacific Islanders in the lower
social class areas, but any potential bias from ethnic
differences in caries experience and attitudes to oral
health was not pursued.
Colquhoun made only passing reference to other
studies, but recent reports from New Zealand show
that DMF scores have fallen in both fluoridated and
nonfluoridated areas (37-39). These same studies, how• ver, demonstrate that DMFT scores in children from
schools in fluoridated areas were 14-35 percent lower
than in children from schools in nonfluoridated areas..
Residence histories were not accounted for in these
reports; however, in three other recent studies in New
Zealand that did document residence histor y, mean
DMFT and dmft scores were 29-42 percent tower in
children from fluoridated areas (33,40,41). Colquhoun's argument, weakened by the questions about his
data, is unconvincing in light of the other recent evidence from New Zealand.
Other Fluoride Issues

The arguments raised by Diesendorf and Colquhoun
question the effectiveness of fluoridation. Surprisingly
little criticism of fluoridation in the 1980s has depended
on the issue of civil rights or legality; an optimistic view
would be that this is because the issue has been virtually exhausted. In an extensive review, Block (42) concluded that the legality of fluoridation had been well
tested and confirmed in United States courts, and that
future challenges to fluoridation were likely to be directed at health and environment. British courts have
not dealt directly with the "individual freedoms" arguments; but the view of Lord Avebury, chairman of the
Parliamentary Human Rights Committee, is that they
are invalid (43).
Another long-term focus of fluoridation's opponents, the alleged hazards of fluoride to human health,
received, a great deal of attention during the 1970s
(44,45). This issue too has been somewhat muted in
recent years, perhaps since the 1983 Strathcly de court
decision in Scotland, though some concerns have been
aired recently about supplemental uses of fluoride rather than water fluoridation. Smith's reviews, for example, of the potential dangers of excessive use of fluorides (46,47) do not differ much in tOne from cautionary
papers in the medical and dental literature . (48,49).
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may be applying or prescribing fluoride products in a
• • . reckless and uncontrolled manner" rather than
with water fluoridation. He stated:
• . . despite a number of well-publicized claims to the
contrary, there is no generally accepted evidence that
anyone has been harmed by drinking artificially fluoridated water. Nevertheless, the margin between a
safe daily intake of fluoride and a potentially harmful
one is narrow (46).
Smith's reports highlight some fundamental problems in fluoride research. For example, there has never
been an optimum fluoride intake established chiefly

'because of_ihe. difficulties of research into fluoride
p ysiology and metabolism (50) and.
Oph_aug_et. al_.(51.)-accept that the optimum intake of
fluoride in humans is 0.05-0.07 m g body weittatr
diY:Tiiiiciing _Attribute s and Farkas (52).
-Sinith goes so far as to call it the " . . generally recommended required daily dose of fluoride. . . ," which is
probably going further than many dental researchers
would. But Farkas and Farkas arrived at their figure
(they gave it as 0.06 mg/kg/day) from a range of personal opinions, not all of them from sources universally
accepted as expert. These figures are thus best estimates, rather than the results of experimental studies.
Discussion
The gap in caries ex rience between residents of
fluon a e an nonuluoridate areisiS still eviciint,
oug apparen y s narro .1 17)6k-int
differences in DIAF values, reported consistently in ear-.
her studies among both adults (53,54) and children (55),
have not been seen in most recent reports (37-39,56-59),
though one assessment of five-year-old British children
did find a difference of this magnitude (60). A provocative though analytically incomplete report from British
Columbia (61) suggested that the caries decline in that
mostly •nonfluoridated province was greater than that
seen in some Canadian provinces With higher levels of
fluoridation. Thylstrup et al. (62) argued that the rate of
caries decline in nonfluoridated areas in Denmark has
been much greater than in the country's naturally fluoridated areas. But the "diminishing returns" ehenomenon, meaning that there was more room for initial improvement in the nonfluoridated than in the fluoridat-

- . un • rovement in
ed areas and that sub uent
• uon a e • areas I • - s ower, cou • ave in uencesl_the-observedirends. And as we discussed previously (2), rapid population shifts in the study* areas
threatened the validity of the data used by Thylstrup et
al.
Lest these reports be seen by some to devalue water
fluoridation, a sharp reminder came with data from
Wick, Scotland, which fluoridated its water supply in
1969 and ceased fluoridating in 1979. By 1984, 5-6-yearold • children had dmfs scores that were 39.6 percent
higher than in 1979, and.there were 10.1 percent fewer
caries-free children, (63).
A narrowing in caries experience between fluoridated and nonfluoridated areas should not be surprising in

Journal of Public Health Dentistry

view of the growth of different fluoride vehicles, especially toothpastes, since 1970. When drinking water
constituted the only source of fluoride, differentials
were proportionately greater than since fluoride has
become available from toothpastes, rinses, professional
treatments, and to an unknown extent from food processed with fluoridated water. Anticaries effects_accrue.16 .E .
from the intraoral environment, which results fronthequent infusions of low-concentration fluoride,_rather
than as a function ot the vehiclEhy Which fluoride .i&
introduced. It is sufficient to say ihat current understanding of how fluoride works, when added to the
epidemiologic data, reads to the conclusion that fluoride (regardlessI:4 -its delivery vehicle) is a_prie_factor
in the caries diaTie.
" The nature oT the fluoride vehicle, however, does

become a primary issue when communitywide effectiveness, costs, and the political issues inherent to public health are under consideration. It is generally agreed
that water fluoridation is the most efficient caries-preventive method in developed countries with municipal
water supplies, and because individual compliance is
not a factor, it is-probably the most effective as well. The
issues of effectiveness and efficiency, as defined by the
World Health Organization (64), need to be considered
separately when public health policy is being
established.
In summary, no new scientific evidence has emer ed
___LWhe
191Ws to challg.rigelhe_esita _is sa e mtcl
duri
efficacy
of water fluoridation. Fluoride in several deliv...
ery -forms con MiertirpTaTlitiajor role in the caries
decline among Children. While further research Should
be directed at answering questions about optimum
amounts of fluoride and the efficiency and practicality
of various delivery methods, current practice has clearly been safe and effective.
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Fallacious Claims Regarding Grand Rapids and Muskegon
Anti-fluoridationists are fond of citing the Grand Rapids and
Muskegon, Michigan fluoridation trial as evidence that fluoridation
does not prevent tooth decay. In the book Fluoride The Aging
Factor, author John Yiamouyiannis presents age specific dental
caries data (DMFT) for 5-16 year old children from both communities
at baseline and after five years of fluoridation in Grand Rapids.
He states:
"Five years after fluoridation began, it was observed that the
tooth decay rate of nonfluoridated Muskegon had decreased about as
much as that of artificially fluoridated Grand Rapids...".
In fact, an examination of the data for the two cities presented
by the author on page 109 of his book demonstrates the opposite to
be true. Even rudimentary review of age specific percentage
declines in caries experience demonstrates markedly greater
benefits for the Grand Rapids group. For those younger children
in Grand Rapids who could have been 'expected to benefit the most
from fluoridation, the advantages over their Muskegon counterparts
were significant:

Age

Grand Rapids
(fluoridated)
% Caries Decline

Muskegon
(nonfluoridated)
% Caries Decline

Grand Rapids %
Advantage

5

-73%

Increased 133%

6

-51%

-22%

232%

7

-60%

-28%

214%

8

-27%

-8%

338%

9

-36%

10

-28%

-10%

280%

11

-27%

-6%

450%

Increased 2%

For each of the seven youngest age groups, advantages for Grand
Rapids over Muskegon ranged between 214 and 450%. For two Muskegon
age groups caries rates actually increased, while corresponding
rates in Grand Rapids declined by 73 and 36% respectively. For
older children, whose teeth were already erupted or whose
development • was mostly complete at the time fluoridation was
initiated in Grand Rapids, the benefits are smaller or nonexistent
-as would have been expected. Clearly, the tooth decay rate in nonfluoridated Muskegon did not
decrease "about as much as that of artificially fluoridated Grand
Rapids".
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average ingestion of 0.5 g toothpaste per

for 2- to 5-year-

fluoride per use." For 7 to 13 year olds the estimate was 0.4
to 1.2 mg fluoride per use." These recent estimates are higher
than in earlier reports." Fluoride-containing mouthwash could
contribute 0.2 to 0.4 mg fluoride per use." Fluoride tablets
and topical gels represent additional sourcesof fluoride
exposures.

Laurence S. KaminskOtartin C. Mahoney, James
Leach, James Melius, and Mary Jo Miller

I. INTRODUCTION
This report describes the benefits to dental health of exposure
to fluorides and the toxicologic effects of fluorides based on
the relevant scientific literature published through September
1988. In general, original reports were used for evaluation of
mutts between 1980 and 1988, and review articles were used
for results published prior to 1980. This report is confined to
effects of inorganic fluorides. Throughout this report the term
•'fluoridation" refers to the addition of fluoride to drinking
water supplies.
The halogen fluorine is the most electronegative and one of
the most reactive of the elements. Consequently, it does not
exist in the elemental state in nature, .where in combination it
comprises 0.065% of the Earth's uppermost (mist. Fluorine
forms numerous inorganic salts and also occurs in countless
organic compounds, substituting for hydrogen. Fluorides are
- used in wire and cable insulations, pipe linings, rocket propellants, rodenticides, refrigerants, aerosol propellants, polymers for plastics, in. the separation of uranium isotopes, and
in the aluminum, beryllium, antimony, superphosphate fertilizer, glass, electronic ceramics, fluorspar, and the brick
industries.
• In 1945, fluoridation of public water supplies to the optimil
concentration of 1 mg/I was initiated in three communities in
the U.S. In a census conducted in 1985, it was estimated that .
121 million Americans receive supplementary fluoride via this
vehicle.' There are, however, other sources of fluoride that
must be considered in any overall assessment of fluoride intake.
Average dilly dietary intakes of fluoride are shown in Table
1. Differences in fluoride analytical techniques' and in methods
of selecting the foods comprising the diets make comparisons
between current food fluoride concentrations and those determined prior to drinking water fluoridation somewhat tenuous.
Nevertheless, there are apparently no major increases in current
concentrations of fluoride in food associated with water fluoridation.2.7.•.10
Fluorides in the atmosphere arise from fluoride-containing
dusts, industrial waste, the burning of coal fires, and volcanic
gases. In nonindustrial urban areas, the highest fluoride quantity available for inhalation is approximately 0.04 mg/d but
near fluoride-emitting factories this could increase to 4 mg/
d."
Fluoridated toothpastes can provide another major source of
fluoride intake, particularly to children. Toothpastes contain
1.0 to 1.5 mg fluoride per gram and based on estimates of an

II. PHARMACOKINETICS
Fluoride is absorbed through the gastrointestinal and respiratory tracts. Dermal absorption is negligible except in cases
of hydrofluoric acid burns." fluoride crosses the placenta and
is absorbed by the fetus." At birth, infant serum fluoride levels
are approximately 75% of maternal levels."
Soluble fluoride compounds are rapidly and almost completely (>90 to 95%) absorbed across the gastrointestinal
tract."." Peak serum levels occur within 30 min of ingestion
on a fasting stomach. When fluoride is ingested with food or
complexed with certain inorganic salts (e.g., calcium, phosphate, magnesium, aluminum), the degree and rate of absorption are decreased.
Fluoride is rapidly distributed in plasma and deposited in
bone and other calcified tissues such as teeth. Approximately
510% of the daily fluoride intake is deposited in calcified tissue." Skeletal fluoride accounts for appoximately 99% of the
body burden; with the remainder distributed between blood
and soft tissues. The half-life of fluoride in plasma ranges from
2 to 9 h, depending on the dose level and is several years in
bon.14.16.17
Fluoride concentrations in plasma and bone are highly variable and inaease with fluoride intake and age." ." Mean plasma
ionic fluoride concentrations among persons living in communities with nonfluoridated drinking water supplies (<0.3
me in drinking water) range from 0.004 to 0.02 mg/l. In
optimally fluoridated communitie.s (0.7 to 1.2 mg/I), they range
from about 0.02 to 0.04 mg/P t " Peak plasma fluoride concentrations vary depending on the fluoride dose and pattern of
exposure. Following a single oral intake of 0, 1.5, 3, 6, or 10
mg fluoride, peak plasma fluoride levels woe 0.01, 0.06, 0.13,
0.22, and 0.42 raga, respectively. Typical levels in adult
bone vary between SOO and 4000 mg/kg in bone ash."-2L22

L. S. Eandorky (corresponding author), B.Sc.. B.Sc. Hons.. Ph.D.,
Wadsworth Center for Lobs and Resareh. Empire State Plaza, New
York State Department of Health, P. O. Box 509, Albany. NY 122010509. M. C. Mahoney, B.A., M.S.. Ph.D.. J. F. Leith, B.A.,
M.S.. J. M. Maas, A.B.. M.M.S.. M.D.. Dr. F.H., and M. J.
Miller, B.A., M.S.. New York State Department of Health. Albany.
New York.
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Table 1
Average Daily Dietary Fluoride Intakes in the U.S.
Source
Food, drinking
water and beverages
fluoride per day (mg)

Food only

Population troop

Ref.

Period

15- to 19-year-old males.
throughout U.S.
Infants. throughout U.S.

1975-1982

Toddlers. dooughout U.S.

1977-1982

Infants. New yak State
Adults, throughout U.S.
Adults. Minnesota General
Hospital
Adults

1987
Early 1940s
1942

1977-1982

0.33'
(0.21—o.ny
0.17'
(0.049-0.257r
0.16'
(0.107.-0.314Y
0.15'

1.43"

2

0.35"

3

0.46"
0.32"
0.25-0.30

4
5
6

0.45

7

0.27-0.32'

1942

• Based on market basket food collections.
• The average dietary intake from food, water, and bevaages is dependent on the ratio of communities
with and without fluoridated water, used in the study.
• Range.

Fluoride is predominantly excreted by the kidneys." . " Apwnximately 40 to 60% of the daily fluoride dose is excreted
t wine with an elimination half-life of about 5 h."."
Ade is also eliminated in sweat, breast milk, and saliva."

III. BENEFITS OF FLUORIDE
This section reviews studies describing the relationship between dental caries prevalence and fluoridated drinking water,
as well as studies reporting decreases in dental caries in nonfluoridated areas. A discussion of methodologic issues relating
to these studies is included.
A. Fluoride and Dental Caries
The cosmetic effects (fluorosis or dental mottling) of fluoride-containing water were first observed in the early 1900s.
The presence of this then-unidentified agent in drinking water
was also suspected of having a protective effect on dental
health. It was not until the 1940s that a relationship between
naturally occurring fluoride in drinking water and the prevalence of dental caries was demonstrated by U.S. Public Health
Service researchers."-" These investigations indicated reductions of 50 to 60% in caries prevalence among children who
drank water with natural fluoride levels of 1.0 mg/1 or greater
compared with children residing in communities with less than
0.3 ing/I. The Report of the Working Party on Fluorides in the
Control of Dental Caries" indicates several =dies that have
.4n nionstratoi that exposure to fluoridated water in adolescence
ides caries inhibition into adulthood. The studies by Dean
dl. led to the adoption of 1 mg fluoride per liter as an optimal
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level for drinking water supplies based on substantial reductions in dental caries without objectionable levels of dental
fluorosis.
Murray and Rugg-Gunn" have summarized published reports of 95 fluoridation projects initiated in 20 counties between
1945 and 1972. A total of 128 studies are reviewed because
reports specific to deciduous and permanent teeth are presented
separately. Overall reductions in caries prevalence in permanent teeth ranged from 29 to 85%, with a mean decrease of
55.6%." In studies of deciduous teeth, decreases in dental
caries prevalence ranged from 20 to 76%, with a mean decrease
of 48.9%." Findings from these investigations are summarized
in Figure .1.
The 1779 to 1980 National Dental Caries Survey examined
U.S. children ages 5 to 17 years and found 33% fewer carious
surfaces among children continuously exposed to fluoridated
water (1 mg/1) than among children without exposure to fluoridated water, as reported in an abstract (3.7 and 5.5 DMF
(number of decayed, missing, and filled teeth], respectively)."
Children in Birmingham, England, a fluoridated community,
experienced a 54% reduction in caries between 1970 and 1980
compared with a 32% reduction observed among children in
a comparable nonfluoridated community." Among 17-yearold naval recruits (n = 1332) in the U.K., who had resided
in one area since birth, a 20% difference in caries prevalence
has been repotted among recruits living in areas with low (0.1
mg/1) fluoride levels compared with recruits residing in areas
with optimal fluoride levels (1.0 mg/1). 22 A 40% difference in
DMF scores has been reported among 14-year-old children
residing in fluoridated Bolton (1.0 mg/I) and nonfluoridated

Volume 1, issue 4

Oral Biology and Medicine

DECIDUOUS TEETH

0

PERMANENT TEETH

10
20
30

)1

16

40
13

50

3.

60

114

70
BO
so

57 STUDIES

32

100 -

72 STUDIES

S REDUCTION
IN CARIES PREVALENCE
FIGURE 1. A summary of the percent reduction in dental caries based on a review of
=dies investigating the effectiveness of artificial fluoridation of drinking water. (Data
adapted from Murray. 3.3. and Rugg-Gunn, A. J.. Fhtorieks in Caries Prevention. 2nd
ed., Derrick. D. D.. Ed.. Wright-PSG. Boston, 1982.)

South Birmingham (<0.1 mg/I) in the U.K.," significant differences were apparent in the mean number of decayed teeth
and filled teeth in these areas.
A study of Michigan schoolchildren (ages 6 to 12) considered
lental caries, fluorosis, and fluoride exposure. Of the children
a areas where fluoride was undetectable in the drinking water,
55% were caries free, and 12% had mild dental fluorosis compared with 74% caries-free children in areas with fluoride at
1:0 mg/I, .where 49% had mild dental fluorosis." Although .a
standardized protocol is used in the examination of fluarosis,
final determination of fluorosis prevalence and severity is based
on subjective assessments by dental examiners. A significant
relationship between the caries-free percent of the population
and increasing fluoride levels was also observed in this study.
Findings in this study suggest that children in fluoridated and
nonfluoriclated areas seem to be ingesting similar amounts of
fluoride from fluoride-containing dental products: However, .
the authors determined that the fluoride concentration in drinking water defined levels of caries and dental fluorosis in their
study."
Kumar et al." have recently completed a study that examined
trends in the prevalence of dental fluorosis and caries in Newburgh and Kingston, two New York State cities involved in
early studies evaluating the efficacy of fluoridation of water
supplies. Water in Newburgh has been fluoridated at I mg/1
since 1945, except for .the 3-year period 1978 to 1981, while
Kingston has maintained a llama! fluoride level of 0.3 mg/i.
Consistent with earlier reports from Texas and Illinois, no
changes in the prevalence of dental fluorosis were noted among
Newburgh children between 1955 and 1986. Among children
residing in Kingston, dental fluorosis increased during the same
period. While increased fluorosis in nonfluoridated areas has

been reported previously, the authors attributed this observation
of increased fluorosis to the greater use of fluoride supplements
in the Kingston area, where 31% of the children reported daily
use of fluoride tablets/drops compared with 5% of children
reporting daily use of fluoride supplements in Newburgh.3'
Based on three dental surveys conducted in Kingston and
Newburgh, the age- and race-adjusted prevalence of dental
caries among children ages 7 to 14 decreased in both fluoridated
and nonfluoridated areas during the last 40 years?' Between
)944-1946 and 1954--1955, age- and race-adjusted caries
prevalence (mean DMF) in Newburgh decreased from 4.7 to
2.9, while caries prevalence in Kingston increased from 4.7
to 5.5 over the same period. From 1954 to 1955 through 1986,
the mean caries prevalence in Newburgh demonstrated further .
decline to 1.5, while mean caries prevalence in Kingston demonstrated a greater rate of decline to 2.0." Changes in caries
prevalence in the Kingston and Newburgh areas are presented
in Figure 2.
Studies of communities where fluoridation has been terminated provide support for the benefits of fluoridation, such as
those undertaken by Stephen et al." in Scotland. The study
area was fluoridated from 1969 to 1979; fluoridation was discontinued in 1980. By .1984, DMF scores among children 5
to 6 years old had increased almost 40% and 10% fewer children were caries free relative to results determined in 1979.
• The effects of withdrawal of fluoride from drinking water
were also studied in Amigo, Wisconsin, a community that
initiated fluoridation in 1949, terminated fluoridation in 1960,
then resumed fluoridation in 1965. Only children who reported
continuous residence in this area were included. Between 1960
and 1966, kindergarten children demonstrated a 112% increase
in caries prevalence. Caries prevalence also increased 233%
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FIGURE 2. Age- and num-adjusted dental caries prevalence (DNIFT) for 7- to 14-yearold children in Newburgh, New York. which has had fluoridated drinking water from
1945. and Kingston, New York. which has not had its drinking water fluoridated. (Data
adapted from Kumar. J. V., Green, E. L., Wallace, W., and Carnaham. T., Am.).
Public Heakh, 1988.)

among second graders, 70% among fourth graders, and 91%
among sixth graders during the same period." The proportion
of caries-free children decreased over 50% at all grade levels
veen 1960 and 1966.
. recent study by Attwood and Blinkhorn" compared the
prevalence of dental caries in two communities in Scotland.
The town of Stratum had a fluoridated water supply until
1983, while Annan, a comparable community; had "negligible" levels of fluoride. Caries prevalence among children in
Annan showed a significant decrease of 16% between 1980
and 1986; however, children in Stranraer did not denionstrate
any change in caries prevalence." The authors concluded that
these data provided evidence of a detrimental effect from the
termination of water fluoridation 3 years earlier."
The reports summarized above indicate that fluoridation of
drinking water is associated with decreased dental caries. However, there are reports that in nonfluoridated areas similar decreases have been observed. Diesendorf" has noted 23 published
studies that report sizable decreases in dental caries in nonfluoridated areas during the past 30 years. Decreased caries
prevalence has been observed in several parts of the U.S. with
nonfluoridated water supplies."." Reductions in caries preyale= of 35% and 49% were observed among British school
children (age 12) in the nonfluoridated communities of Somerset and Devon, respectively, over 10- and 15-year periods." These investigators also reported a 45% decrease in
caries prevalence among 5 year olds in nonfluoridated Dudley,
England, between 1970 and 1980." Examination of 12-year- old children in Shropshire, England, a nonfluaridated comity, revealed a 32% decrease in caries prevalence between
/0 and 1980." Decreases in caries prevalence have also been

reported among Scandinavian children, where water supplies
are not fluoridated.'" In this report, the decrease was hypothesized to have resulted from the use of fluoride rinses and
toothpastes. Reductions in caries prevalence observed in nonfluoridated areas are summarized in Figure 3.
Many studies have attempted to explain decreases in dental
caries prevalence observed in nonfluoridated areas. Possible
reasons for observed declines in the prevalence of dental caries
during the past 10 to 20 years have included the decreased
consumption of refined sugar, improved availability and utilization of dental health services, increased uses of fluoridecontaining dental cam products, and changes in oral flora resulting from the extensive use of a wide spectrum of antibiotics,
improvements in oral hygiene, and increased awareness of
dental hea1th."-" A2 However, no change in per capita consumption of sugar in the U.S. has been noted during the last
10 years,'" suggesting that the caries decline in nonfluoridated
areas is due to factors other than changes in sugar consumption.
Increased usage of other fluoride-containing products may partially explain declines in caries prevalence in these areas"
however, other factors, as yet unidentified, may be operating.
Two published studies have used a longitudinal design to
evaluate the impact of fluoride sources on dental health. Fergusson and Harwood" investigated the relationship between
sources of fluoride, social background, and dental health by
following a cohort of children (n = 1265) in New Zealand
from birth 'through age 7 years. Annual examinations were
performed and information on exposure to fluoride, use of
fluoride tablets, and social background of the family was collected for all participants in an attempt to measure exposure
to fluoride from ,a number of sources over a period of years
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FIGURE 3. Reductions in dental caries among children living in

with nonfluoridated drinking water. References for the data are provided below the data
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and the effects of this exposure. Univariate analysis revealed
an inverse relationship between DMF scores and maternal education and family socioeconomic status." However, in a
regression model, these social factors explained only 4% of
the variability in DMF scores. A log-linear model demonstrated
significant inverse associations between DMF scores and use
of fluoride tablets, social background, and residence in a fluoridated community. Additionally, among children who did not
report use of fluoride tablets, an inverse relationship was observed between DMF scores and years of exposure to fluoridated water."
Klein et al.'s also employed a longitudinal design to evaluate
the cost and effectiveness of school-based programs for preventive dental care. Five fluoridated and five nonfluoridated
communities throughout the U.S. were selected to evaluate
several preventive dental care procedures during a 5-year period. Study sites varied in level of urbanization, socioeconomic
status, and proportion of minority population. While 20,000
students were initially enrolled, only 48% received both baseline and final examinations. Of the procedures examined, occlusal sealants were observed to be most effective, reducing
DMF scores among first and second graders by 1.33 in nonfluoridated areas and 0.96 in fluoridated areas during the 4year study period.' School-based procedures such as weekly
fluoride mouth rinsing, daily fluoride tablets, biannual fluoride
paste/gel applications, dental health lessons, and biweekly
brushing and flossing did not produce significant reductions in
decay." (The independent effect of fluoridated drinking water
, on caries prevalence was not determined in this study; however,

lower caries prevalence was noted in fluoridated areas prior to
the initiation of treatments.)
Root surface caries are more frequent during the later years
of life, and their importance as a dental health outcome among
adults is increasing as the general population ages and as persons retain their teeth for longer periods.' Fluoridated chinking
water has been reported to reduce the prevalence of root caries
among adults. Stamm and Bantine investigated root surface
caries among lifelong adult residents of two communities in
Ontario, Canada, and reported (in a preliminary nnrefereed
report) 52% fewer carious root surface lesions among persons
in the fluoridated community. Lifelong residents of naturally
fluoridated Stratford (1.6 mg/I) had an average of 0.64 root
surface caries per person (average age 40.2 years) compared
with lifelong residents of nonfluoridated Woodstock, who exhibited an average of 1.36 root surface caries per person (av-

erage age 42.8 years)." The relationship between natural levels
of fluoride in drinking water and root caries has also been
explored by Burt et al." This study compared the prevalence
of root surface caries among lifelong adult residents (ages 27
to 50 years) of two rural New Mexico communities with different natural fluoride levels. Root surface caries prevalence
in Deming (0.7 mg F per liter) was 23.5% (mean age 39.8
years) compared with a 7.3% prevalence of root surface caries
in Lordsburg (3.5 mg F per liter, mean age 43.2 years). The
mean number of root caries lesions was significantly greater
in Deming (0.69 lesions per person examined) compared with
Lordsburg (0.08 lesions per person examined). Questions remain regarding the generality of these results since the corn-
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trison was based on a high-fluoride area (Lordsburg) and an
ea with optimal levels of fluoride (Deming) in the drinking
ater. Comparisons have been undertaken of root surface cars in 60 year old and older people, continuously resident for
least 8 years in two New York State communities with
adequate" (1.0 to 1.2 mg F per liter) and in two communities
ith "deficient" (<0.1 mg F per liter) levels of fluoride in
eir drinking water." Among persons with exposed root suttees, the proportion with carious and/or filled root surfaces
as 7.8% in the nonfluoridated communities compared with
.8% in the fluoridated communities."

ExpOsure to Fluoride Levels Exceeding 1 mg/1 in
linking Water
Driscoll et al." have reported further reductions in caries
revalence of 37% and 55% among children receiving drinking
rater with fluoride levels of 2.0 and 3.0 mg/I, respectively,
:lative to levels of 1.0 mg/I; however, at 4.0 mg/1, the pro:ctive effect of fluoride is diminished. Comparable reductions
caries prevalence, as a function of fluoride concentrations
drinking water, were recently reported by Heifetz et al.s'
:ornpared with children with no clinically apparent fluorosis,
lew York State children with very mild to moderate dental
luorosis exhibited reductions of 41 to 54% in caries
Ience."
Juctions in the prevalence of dental caries were observed
fluoride levels two, three, and four times the recommended
evel. However, levels of 3.0 mg/I produced the greatest reluction in caries prevalence. Higher levels of fluoride did not
esult in further reductions in caries prevalence. At increased
luoride levels, the severity of mottled enamel and dental flioosis is more pronounced. A fluoride concentration in excess
if 3 mg/I is thought to result in the development of defective
ooth enamel, rendering the tooth surface more susceptible to
iecay. 52
Other Benefits of Fluoride
Based on the observation that excess amounts of fluoride
?roduce denser bones, fluoride has been suggested as a theripeutic agent in the treatment of osteoporosis. '3'. It is thought
that fluoride, in conjunction with calcium, stimulates osteoplastic activity; fluoride, integrated into the bone matrix as
fluorapatite, increases the hardness of bones. Further study is
needed to evaluate the efficacy of this treatment.
D. Methodologic issues in Studies of Fluoride and
Fluoridation
Studies investigating the effect of fluoridation on denial caries suffer from several methodologic limitations. Most studies
published to date have relied on ecologic 'designs and lack
, se measures of exposures to fluoridated drinking water on
Adividual basis. Exposure status is based on fluoridation
characteristics of a town or water district. As an example, this
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classification scheme is used in studies demonstrating decreases
in caries prevalance in both fluoridated" ." and nonfluoridated54.6 areas. In most cases, studies have failed to account for
potential differences in dental health behaviors. A study by

Fergusson and Horwood" demonstrated an association between social factors and awareness of the importance of dental
health, indicating the need to request this information on dental
health behaviors in future studies. With widespread decreases
in caries prevalence and overall improvements in dental health
behaviors, it will become increasingly more difficult to observe
statistically significant differences in caries prevalence between
fluoridated and nonfluoridated areas. Study designs will have
to reflect increased sample sizes, lengthened observations periods, or use of subpopulations that have high caries prevalence
to increase the ability to observe a true difference in caries
prevalence. 15
Similarly, all studies, whether they refute or support the
fluoride-dental caries relationship, experience problems of generalizability.. These studies are not based on the selection of
random samples of participants, representative of the general
population, but instead recruit volunteers for participation."
While the investigator(s) recognize these limitations, it is important to emphasize them when drawing conclusions from this
research.
Studies of caries prevalence have been criticized for being
inappropriate to support trend analysis, failing to follow standardized protocols, and not including representative samples
of the population." Burt and Beltran" also suggest caution
regarding possible confounding of. results due to misclassification.of residence, misclassification of fluoride histories, and
use of a proxy measure to characterize the caries* experience
Of the study population. These cautions apply equally to studies
supporting and refuting the anticariostatic effects of fluoride
in drinking water. A longitudinal study has indicated the importance of obtaining accurate information on residence and
on exposures to other sources of fluoride."
Studies assessing the effect of fluoridation on the prevalence
of dental caries need to consider a number of issues. Frequent
reliance on group-based data for exposure to fluoride fails to
account for individual- differences in susceptibility to tooth
decay or behaviors likely to influence decay." We were able
to identify only one study that prospectively measured exposure
to a variety of fluoride sources on an individual basis." Dental
health-cam practices are lately to influence exposure to sources
of fluoride exposure other than drinking water. For example,
fluoride-containing dentrifices captured only 67% of the U.S.
market in 1967, but their market share had increased to 94%
by 1984." Few studies have evaluated the impact of dental
health-care practices and their independent relationship to caries prevalence.
Studies have, often relied on the use of subjective measures
• (diagnostic standards) of the dependent variable precluding
interstudy comparisons." Incipient carious lesions may be dif-
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iicult to detect among the young. Among adults, missing teeth
may have been lost due to reasons other than decay. On the
other hand, some variation in clinical diagnostic measures is

expected; however, the DMF examination represents a standardized and reproducible protocol.
Population mobility has also not been taken into account in
most studies."-24-34-31-6° Grembowskim has indicated that population mobility can result in random measurement error with
bias toward zero, i.e., failihg to detect an effect. Studies completed to date have also not adequately accounted for the heavy
weighting of exposure to fluoride through drinking water. This
source of fluoride may account for only a portion of total
fluoride intake, suggesting that exposures to other fluoride
sources need to be quantified and related to studies of caries
prevalence. It will be difficult to assess the C81i0StatiC effect
of fluoride exposit= in drinking water independent of fluoride
exposure from dental-care products due to the widespread use
of fluoride-containing dentrifices, mouth rinses, fluoride tablets, and dental sealants.
As examples of general methodologic problems with many
of these studies, the strengths and limitations of two studies
will be briefly highlighted. These two studies have been selected only to provide illustrations of several of the rnethodologic issues discussed previously.
• Mt et 81.62 have summarized the findings of the KingstonNewburgh study 10 years after this investigation was initiated.
This study reported reductions in dental caries prevalence of
58% among Newburgh children continuously exposed to fluoridated water (1 mg/1). Reductions in caries prevalence of 41
to 52% were also reported among Newburgh children who were
DOI exposed to fluoridated water their entire lives. Comparisons
were made with children of similar ages residing in Kingston
(0.3 mg fluoride per liter). This study used a single examiner
to conduct oral examinations of every other child between ages
6 and 12 in these two cities. Only lifetime residents were
included to' control for the effects of population mobility.
Bitewing radiographs were examined blindly. While other supplemental sources of fluoride were nonexistent, a limitation of
this itudy included the lack of individual measures of fluoride
exposure. No attempt was made to determine access to dental
care. The applicability of findings to other communities can
also be questioned.
Glass's reported decreases in caries prevalence in two Massachusetts towns over a period of 20 yens. Caries prevalence
decreased 50% in both Dedham (1958 to 1974) and Norwood
(1958 to 3978). Both towns used nonfluoridated water supplies
(0.1 mg/1) during the study periods. The two towns were middle
class, residential communities, and the results are only applicable to similar areas. All examinations were completed by
the same clinician using a standardized protocol; bitewing radiographs were obtained to Confirm results of the clinical examination. An ecologic design was used in this study. Exposures
to other sources of fluoride and changes in dental health prac-

tices during the study period were not evaluated. Reported

decreases in caries prevalence were based on time trend analyses and did not involve comparison with similar communities.
In addition, the study relied on a rather small sample of the
population in each area; however, the results are consistent for
both study areas. Thus, strengths and limitations have been
noted in both of the studies, which have been highlighted.
E. Summary

Ecological studies conducted in the 1940s and 1950s reported a substantial decrease in dental caries prevalence among
children residing in areas with fluoridated water supplies (1.0
mg/1) when compared with areas with less than optimal fluoride
levels in drinking water (<0.3 mg/1). These early studies were
able to assess the impact of fluoridated water on caries prevalence since supplemental sources of fluoride other than water
were nonexistent. There are also reports that termination of
fluoridation is followed by increases in caries prevalence in
young children. Together, these studies indicate that fluoride
in drinking water is beneficial to dental health.
However, recent studies have reported declines in caries
prevalence in ncmfluoridated areas that are comparable in !magnitude to declines noted in fluoridated areas. While these estimates of caries decreases in nonfluoridated areas appear
accurate, conclusions cannot be drawn from these studies concerning the independent effects of fluoridated drinking water
on caries prevalence since other possible sources of fluoride
exposure were not measured. fluoride sources, other than in
drinking water, may provide a level of caries protection similar
to fluoridated drinking water. A longitudinal study conducted
in New Zealand, which followed a cohort of children from
birth through age seven, found that caries prevalence demonstrated an inverse relationship with use of fluoride tablets,
social background, and length of residence in a community
with fluoridated water. This study highlighted the importance
of measuring sources of exposure to fluoride and the duration
of these exposures.
While there are no published studies that clearly explain
reasons for caries declines in nonfluoridated areas, several factors may be important. Over the last 30 to 40 years, access to
dental care and knowledge of dental hygiene have improved.
A heightened awareness of dental hygiene and of the beneficial
effects of fluoride-containing dental-care products has occurred
as a result of studies demonstrating the efficacy of fluoride.
.Exposure to various sources of fluoride through fluoridated
toothpastes, fluoridated mouth rinses, fluoride tablets, and
fluoride-containing dental sealants has increased the availability of fluoride. As a result, the effects of fluoride exposure
cannot be accurately assessed based solely on the fluoride content of drinking water in an area. The preponderance of evidence indicates that fluoride in drinking water has a beneficial
effect on dental health. Due to the ubiquitous nature of exposures to fluoride sources other than drinking water, firm
1990
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—.Jusions cannot be drawn regarding the independent effect
of fluoride in drinking water and caries prevalence using an
ecologic study design.

IV. ADVERSE EFFECTS OF FLUORIDE
A. Acute Toxicity
Symptoms of acute oral fluoride intoxication in humans include severe nausea, vomiting, hypasalivation, abdominal pain,
and diarrhea. In severe or fatal cases, these symptoms are
followed by convulsions, cardiac arrhythmias, and coma.'"
Acute toxic doses range from 1 to 5 mg/kg;"-"" dosed exceeding 15 to 30 mg/kg may be fatal." Acute effects in experimental animals are similar to those observed in human-c.
Acute oral LD,,, values for fluoride compounds in laboratory
animals range from 20 to 100 mg/kg."
A probable toxic dose of 5 mg fluoride per kilogram can be
reached in a 10 kg, 1-year-old child after ingestion of approximately 501-mg fluoride tablets, 50 g of 1000 ppm-fluoridated
toothpaste, or 50 ml of 0.2% sodium fluoride rinse, or 0.4%
stannous fluoride rinse or gel." Ingestion of approximately
twice these amounts can cause toxicity in a 5-year-old child."
Mild gastrointestinal symptoms of acute intoxication may occur
at doses as low as 1 mg fluoride per kilogram or about one
- "kr of the probable toxic dose." Fluoride rinses are not rectrended for use in children under 6 years old, since young
cnildren usually have inadequate control of their swallowing
reflexes."."

B. Chronic Toxicity
Several comprehensive reviews on the health effects associated with low-level fluoride exposure are available."."'"
Chronic exposure to excessive fluoride is known to cause dental
fluocosis (discoloration and mottling of teeth) and skeletal fluorosis in humans." .67-" Other effects, including hypersensitivity
reactions," renal insufficiency," ." and a possible association with repetitive strain injury," have also been reported.
Reports on birth defects" and cancer" are also discussed
(see the reproductive/developmental effects and carcinogenicity sections).
1. Dental RuorosIs
Dental fluorosis results when excessive amounts of fluoride
are ingested during the years of tooth formation." Dental fluorosis is characterized by lusterless, opaque white patches in
the enamel, which may become stained yellow to dark brown,
ind in severe forms cause marked pitting and brittleness of
teeth. The severity of dental fluorosis is usually ranked ac.cording to Dean's classification index" as questionable, very
• mild, mild, moderate, or severe. Recently, the tooth surface
;rides of fluorosis (TSTF) has been used to assess the severity
d prevalence of dental fluorosis." In the questionable to mild
categories, teeth have small white opaque areas covering less

than 50% of the enamel surface. Mild forms of fluorosis are
not readily observable by the general public and often resemble
endogenous nonfluoride enamel opacities.'° Objectionable
fluorosis is usually defined as moderate or severe fluorosis
demonstrating observable staining and/or pitting of teeth." '82

The prevalence and severity of dental fluorosis increase with
increasing fluoride concentrations in drinking water. The prevalence of objectionable fluorosis is less than 1% at water fluoride levels below 0.3 mg/l,"'4 approximately 1 to 2% at 1 mg/
1,8244 ranges from 3 to 15% at 1.8 to 2.3 mg/1,"-".22 and ranges
from 7 to 33)6 at 2.4 to 4.1 mg/l. Severe fluorosis is only
consistently observed at levels exceeding 2.5 mg/1.6' Objectionable fluorosis has also been reported following daily ingestion of fluoride supplements containing 0.5 mg fluoride during
the first 2 years of life, but has not been observed with daily
supplements of 0.25 mg fluoride."
Several studies have indicated that the prevalence of mild
forms of fluorosis in the U.S. has increased in recent years in
both optimally fluoridated and nonfluoridated communities
compared with original prevalence scores repotted by Dean in
the 1940s for children exposed to similar levels of natural
fluoride in their water supp1y."43" The prevalence of all categories of fluorosis reported in recent studies conducted in New
York," Texas," and Michigan" ranges from 26 to 51% in
optimally fluoridated communities (0.7 to 1.2 mg/1) and 2.4
to 12% in =fluoridated areas (<0.3 mg/1). These values are
higher than those previously reported in Dean's studies on
children exposed to naturally fluoridated and nonfluoridated
.water in Illinois (i.e., 12 to 33% fluorosis in areas with 0.9 to
1.2 mg/1 fluoride and 0 to 2.2% fluorosis in areas with <0.3
mg/1 fluoride in water). Driscoll and co-workerss"° recently
examined the prevalence of dental fluorosis among children
living in optimally fluoridated (1 mg/I) and =fluoridated (<0.3
mg/1) communities in Illinois and Iowa and found that the
prevalence of fluorosis (15 and 2.9% in fluoridated and nonfluoridated areas, respectively) had not increased over time.
However, in the optimally fluoridated area, a higher prevalence
of fluorosis was observed in younger (8 to 10 years old) children than in older (13 to 16 years old) children. In all of these
studies, the overall severity of fluorosis, as assessed by the
community fluorosis index, has not increased." Leveret& postulated that increased exposure to fluoride from sources other
than fluoridated water, such as foods processed in fluoridated
water, fluoride dentifrices, and fluoride supplements, may account for the apparent increased prevalence of fluorosis. However, Heifetz and co-workers" suggest that this phenomenon
may be transitory due to the ellaCtMCID of cautionary measures
in the late 1970s, which removed fluoride from commercially
processed baby foods and lowered the recommended fluoride
supplement level for children under the age of 2.

2. Skeletal Fluoroals
Skeletal fluorosis is a chronic metabolic bone and joint dis-
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caused by chronic exposure to high doses of fluoride .
Skeletal fluorosis has several stages: two preclinical asymptomatic stages characterized by slight radiographically detectable increases in bone mass; an early symptomatic stage
characterized by sporadic pain and stiffness of joints and osteosclerosis of the pelvis and vertebral column; a second clinical phase associated with chronic joint pain, arthritic symptoms,
slight calcification of ligaments, and increased osteosclerosis
of cancellous bones, sometimes accompanied by osteoporosis
of long bones; and crippling skeletal fluorosis characterized by
marked limitation of joint movements, considerable calcification of ligaments, crippling deformities of the spine and
major joints, muscle wasting, and neurological defects associated with compression of the spinal cord.
Epidemiological studies conducted in the U.S. have not detected radiographic changes in bone density in persons drinking
water containing less than 4 mg . fluoride per liter."'" No evidence of radiographic changes in bone or effects on skeletal
maturation were seen in children exposed to 1.2 mg/I of fluoride
in water for 10 years" or living since birth in areas of Texas
with normally high levels of fluoride (3.3 to 6.2 mg/1) in water
supplies compared with children living in nonfluoridated (<0.2
mg/1) communities. No statistically significant differences in
bone mass (by single photon absorptiometry) were observed
in women exposed to 4 mgfl of fluoride in their water vs. those
exposed to 1 mg/l." A statistically significant higher incidence
of bone fractures was reported among older (55 to 80 years
old), but not younger (20 to 35 years old), women residing in
the high-fluoride area." However, frequency of bone fracture...
among older women did not correlate with length of residence
in the high-fluoride community or with relative extents of fluoride exposure." Stevenson and Watson" examined 170,000
spinal and pelvic X-rays taken over a 10-year period of persons
living in Texas and Oklahoma. No evidence of fluoride osteosclerosis was detected in X-rays of persons with less than
4 mg/1 of fluoride in their water supply, whereas 23 cases of
osteosclerosis were detected in X-rays of persons exposed to
4 to 8 mg/1 of fluoride. Similarly, radiographically detected
osteosclerosis was reported in 10 to 15% of individuals exposed
for an average of 37 years to water containing 8 mg/I of fluoride
in Bartlett, Texas." However, clinical symptoms of skeletal
fluorosis were not found in either of these studies. Crippling
skeletal fluorosis is associated with chronic fluoride intakes of
20 to 80 mg/d for 10 to 20 years."
Endemic skeletal fluorosis has been reported predominantly
in tropical countries with varying concentrations of fluoride in
drinking water (1 to >10 mg/1); however, nutritional deficiencies, fluoride intake from other sources, and hard manual labor
play an *etiological role in the disease.'"" Two cases of
crippling fluorosit associated with excessive consumption of
fluoridated water and tea have been reported in the U.S."
fluoride intakes by these individuals were reasonably estimated
to have exceeded 15 to 20 mg/d for 20 years.s'
ease

Fluoride supplements have been used clinically for the treatof osteoporosis." Chronic ingestion of 30 to 50 mg/d
of fluoride for 2 to 3 years causes increased trabecular and
cortical bone formation, but about 10 to 30% of patients also
exhibit rheumatic pain and/or gastric upset. Osteomalacia has
also been observed at these dose levels."
ment

3. Hypersensitivity
Hypersensitivity reactions have been reported following exposure to fluoridated water, toothpastes, and fluoride supplemeats .71.n.100.101 Symptoms include skin rash, inflammation of
oral mucosa, gastrointestinal irritation, and headache, which
subsided after discontinued use of these products. Most reactions occurred following doses of about 0.5 to 1 mg fluoride
in fluoride drops, tablets, or toothpaste.'"u°' In a preliminary
double-blind study, adverse reactions to ingestion of drinking
water containing fluoride at 1 mg/1 were reported to occur in
"certain" of 60 individuals selected from a group of 300 test
subjects with suspected sensitivity to fluoride." However, this
study did not report the rate of false-positive or false-negative
reactions among subjects, and test subjects believed that they
were sensitive to fluoride, which could have biased the results.
A review of these studies by the National Academy of Sciences"
noted several methodological deficiencies, including the lack
of control subjects, study selection bias, and uncontrolled exposure to other agents in fluoride dentrifices and/or supplements. The available data suggest that some individuals may
react idiosyncratically to fluoride; however, the prevalence o
these reactions among the population is unknown. Further
ies on possible hypersensitivity reactions to fluoride and the.
prevalence of these reactions among the general population are
required.
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4. Renal Effects
Several studies have shown that persons with renal insufficiency have elevated plasma fluoride levels compared with
normal individuals,'" and art at increased risk of developing
systemic fluorosis."." Dental fluorosis has been repotted in
individuals with nephrogenic diabetes insipidus who consume
large volumes of water containing 0.5 to 1.0 mg fluoride per
liter."330' Two cases of osteosclaosis and one case of crippling
skeletal fluorosis have been repotted in individuals with renal
impairment and a history of excessive intake (up to 8 1/d) of
water containing approximately 2 to 3 mg/I of fluoride."."
Lantz et al." recently reported a case of renal failure and
.osteosclerosis associated with long-term daily consumption of
2w 41 of mineral water containing 8.5 mg/1 of fluoride. These
studies indicate that persons with renal impairment are at increased risk of developing fluoroSis. However, a causal association between excessive fluoride exposure and induction
or exacerbation of renal disease cannot be drawn from these
data.
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Several epidemiological studies have evaluated the effect of
chronic exposure to fluoride on kidney disease and funcNo evidence of an increased frequency of kidney
tion. '
disease or renal dysfunction has been observed in several studies on U.S. populations exposed to up to 8 mg/1 fluoride in
drinking water when compared with non-fluoridated areas (<0.3
mg/1)."."5.'" Renal impairment has been observed in areas of
endemic skeletal fluorosis."' Acute renal dysfunction has been
reported at high plasma fluoride levels (>0.6 mg/1) following
exposure to certain volatile fluorinated anesthetic agents.'"
Functional and structural changes in the kidneys of experimental animals have been observed following chronic exposure
to fluoride." lnflamthatory changes in the renal glomeruli
were reported in mice receiving fluoride at approximately 1
mg/kg/d in drinking water (4.5 mg/I) for 3 months.'" No effects on renal structure were observed in rats exposed to fluoride at 2.5 mg/kg/d (50 mg/I) for 6. months; however, renal
tubular necrosis was observed at the 5 mg/kg/d (100 mg/I) dose
level."'

44'

5. Miscellaneous Studies
Several long-term epidemiological studies in the U.S. and
England have compared general health and overall mortality
rates in fluoridated (0.7 to 5.8 mg/I) and nonfluoriciated (E0.3
/I) commtmities." " " " No effects on normal growth
.1 development, general health, or cause-specific mortality
rates were detected. An association between repetitive strain
injury and fluoride intake has been proposed based on prelim•inary findings of higher fluoride levels in alveolar bone samples
from affected individuals than in controls;" however, *these
data are insufficient to support a causal association. Three
patients receiving sodium fluoride at 16 to 150 mg/d for periods
of 1 to 36 months exhibited monocytoid giant cells in the bone
marrow. Within 3 months of discontinuation of fluoride therapy, the bone marrow was normal."
Additional adverse effects observed in experimental animals
include decreased growth rate, anemia, and effects on collagen
synthesis, and thyroid hinction." "°" eased growth
was reported in mice exposed to fluoride at 20 mg/kg/d (100
me) in drinking water for 8 weeks" and in rats receiving
approximately 5 mg/k,g/d (100 mg/1 in water plus 3 mg/kg in
diet) for 6 months."' Anemia was observed in rabbits given
intragastric doses of 4.5 mg fluoride per kilogram per day for
1 year."' Abnormal osteoid formation and defective collagen
biosynthesis have been reported in rabbits administered at least
4.5 mg fluoride per kilogram per day for up to 10
months. 1I9421 Structural and functional changes in the thyroid
have been reported in several species at dose levels exceeding
mg/1)."°311
Ina
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Carcinogenicity
. Epidemiological Studies
There have been many qiidsmiological studies .attempting

'
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to correlate the cancer mortality in large population groups
with the concentrations of fluoride in the water supply for those
population groups (often called correlational or ecological studies). Several of these correlational studies have evaluated cancer mortality data from cities in the U.S. with differing
concentrations of fluoride in their water supplies. In 1975,
Yiamouyannis and Burk" initially reported that cancer mortality was higher in ten U.S. cities with fluoridated water supplies than in 10 cities without fluoridated water supplies. The
National Cancer Institute (NCI) reanalyzed these cancer mortality data using different statistical methods and found no
significant increases in cancer mortality in the cities with fluoridated water."' In addition, Hoover and co-workers evaluated
cancer mortality in Texas, comparing counties with higher
concentrations of naturally occurring fluoride in their water
supplies (0.7 to 1.2 mg/1; 1.3 to 1.9 mg/I; >2.0 mg/I) with
counties with lower concentrations (<0.7 mg/1) and found no
evidence of increased cancer mortality in the counties with
higher concentrations. The upper limit of fluoride concentration
was not defined in this study.
Due to the controversy over these conflicting results, the
cancer mortality data for U.S. cities have subsequently been
reanalyzed by several other researchers utilizing slightly different techniques and/or modifications in the area or years being
compared. These subsequent reports have supported the NCI
conclusions in finding no significant increase in cancer mortality in the cities with higher concentrations of fluoride. 125.132
Correlational studies evaluating populations in other countries
also support these findings. Australian researchers compared
cancer mortality from 1970 to 1972 in 10.1ocalities with fluoridated water supplies (fluoridation began around 1956) with
mortality in 10 localities without fluoridated water (<0.7 mg
1) and found no evidence of an increase in cancer mortality in
the fluoridated Canadism researchers evaluated
cancer mortality in 100 Canadian cities from 1954 to 1973 in
relation to the fluoridation of their water supplies and found
no evidence of increased cancer mortality from fluoridation."
New Zealand researchers examined cancer mortality from 1961
to 1976 in people aged 45 years or over in six areas of New
Zealand, where fluoridation was initiated in 1967 (population
45 or over, approximately 165,000) in comparison with four
nonfluoridated areas (population 45 or over, approximately
80,000)."5 They found no evidence that cancer mortality rate
was increasing in the fluoridated areas compared with the nonfluoridated areas.
Several correlational studies also have been conducted in
. Great Britain. In one study, cancer mortality for selected time
periods in Birmingham (whose Mar supply was fluoridated
since 1964) was compared with the cancer mortality in six
• other cities in England and Wales without fluoridated witter
supplies.'" The increase in overall cancer mortality in Birmingham over the time period was similar to the average in. crease for the other six cities. Another study evaluated the

,
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address some of the weaknesses in the correlational studies
(outlined above). Studies of individuals exposed to fluoridated
water, which account for possible migration and for other cancer risk factors, would be useful in addressing concerns about
this issue.

cancer mortality in Anglesey, where the water supply was
fluoridated (0.9 mg/I) over the period 1955 to 1966, comparing
cancer mortality in the period before fluoridation (1949 to
1953) with that in a period more than 20 years after fluoridation
(1979 to 1983).'" This study showed no evidence of increased
mortality from respiratory cancer, cancer of the stomach, or
cancer of all other sites in Anglesey when compared with cancer
mortality in England and Wales for the same period. Another
British study evaluated cancer mortality (all cancers combined
plus 12 specific cancer sites) from 1969 to 1973 for 67 small
areas in England, based on the concentrations of naturally
occurring fluoride in their water supplies (categories: E 0.2
vs. 1.0 mg/1; 1E 0.1 vs. 0.5 to 0.99 mg/1) and found no
evidence of increased cancer mortality with increasing concentrations of fluoride.'"
The incidence of cancer of the thyroid, kidney, stomach,
esophagus, colon, rectum, bladder, bone, and breast in areas
of England with a high natural fluoride level (1.0 mg/1 and
"over") in the water was compared with that in areas with
low water fluoride levels (E0.2 mg/1). No differences were
detected. Similarly, no differences were found in cancer in- cidence between fluoridated and control districts in England
and Wales, the U.S., Holland, and New Zealand.'"
Another potential source of information on the carcinogenicity of fluorides is the study of working populations exposed
to fluoride. Some studies of workers in the aluminum industry
(where workers may be heavily exposed to fluorides) have
found an excess incidence of respiratory cancer, but the studies
indicate that this excess is probably due to polynuclear aromatic
compounds, not fluoride.'4°
In summary, the epidemiological data on the relationship
between fluoride exposure and cancer mortality include a large
number of correlational studies evaluating cancer mortality in
large population groups in relation to the concentration of fluoride in the water supply for these areas. The populations studied
included groups exposed for over 20 years to artificially fluoridated water as well as groups who were exposed for well over
20 years to water supplies with high natural concentrations of
fluoride (some of the latter had levels over 2.0 mg/1). This type
of study has significant limitations, including the inability to
account for migration into and out of the areas being studied
and the inability to adequately, assess other factors such as
differences in industrialization or in personal risk factors, which
may contribute to the incidence of cancer. In addition, some
of these studies have focused on small populations and have
not studied populations exposed to fluoride long enough to
properly evaluate a carcinogenic effect. Despite these limitations, the overall evidence from these studies and from occupational studies provides no credible evidence that fluorides
in drinking water increase cancer mortality.
Although the available epidemiological studies do not indicate any increased cancer risk from ingesting fluoridated
water, further epidemiological study could be warranted to

2. Animal Studies
There are only three studies that have attempted to evaluate
the carcinogenicity of fluoride through oral administration to
animals. The earliest study involved 50 female mice fed 900
mg/kg of sodium fluoride in their diet from 7 to 10 weeks of
age until the mice were 97 to 100 weeks of age."' An equal
number of mice were fed a diet without fluoride and observed
over the same period. Tumors of the mammary gland were
' als and 37 of the 47 controls.
found in 20 of the 40 treatedanim
A later study evaluated mice given varying amounts of fluoride
in their drinking water for a period of 7 to 12 months." 2 Of
the mice exposed to fluoride, 59% died from mammary gland
tumors compared with 54% of the controls. Of the mice receiving the highest amount of fluoride in their water, 63% (10
mg/1) died from mammary gland carcinomas compared with
50% of the controls. The most recent study evaluated 54 male
and 54 welding female mice given 10 mg sodium fluoride per
liter in their drinking water for life against controls.'43 When
the animals were sacrificed, tumors were found in 22 of 72
exposed mice compared with 24 of 71 controls.
All three of these studies have significant methodological
limitations, including inadequate documentation of methods
and results, incomplete selection of fluoride doses, and inadequate time period of observation. These deficiencies make it
difficult to completely assess the possible carcinogenicity of
inorganic fluoride in this type of study. A study on the lifetime
exposure of rats and mice to fluoride has been completed by
the National Toxicology Program and by others. Assessment
for cancer has not been completed yet.

3. International Agency for Research on Cancer
(1ARC) Classification
In 1982, IARC reviewed the available evidence on the carcinogenicity of inorganic fluoride."' They concluded that the
available data were "inadequate" for an evaluation of the
carcinogenicity of sodium fluoride in experimental animals,
and that studies of cancer incidence in populations with differing concentrations of fluoride in water "provide no evidence
of an association between fluoride ingestion and mortality from
cancer in humans".
D. Genotexicity

The genotoxicity of fluoride has been reviewed
fluoride lacked mutagenic activity in microbial systems (Ames
test, Saccharconyces cerevisine and rat hepatocytes, 147.148 but
produced mutations in mouse lymphoma cells at cytotoxic con'41 Chromosomal aberrations were not increased in
1990
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marrow or testicular cells of mice exposed to drinking
iater containing either 50 mg/1 fluoride for five generations
100 mg/I for 6 weeks." However, increased aberrations
breaks and gaps) have been reported in vitro."*.'" Increased
ister chromatid exchange activity was not observed in a variety
f in vivo and in vitro cell systems,"1.1"-"` with one excepion. '" Negative results have also been reported in the mouse
one marrow micronucleus test.'" Fluoride was noted both to
ncrease's° 313' and to have no effect"'"" on unscheduled
)NA synthesis in cultured human and rodent cells. Fluoride
acked transformation activity in mouse embryo cells, but
:lightly increased transformation was reported in Syrian ham;ter embryo cells.'" Poor cell growth and lack of positive
*Duol effects in the hamster cell assay decrease the value of
hese results. Nevertheless, Tsutsui et al.'" have also reported
ransformation activity in Syrian hamster embryo cells. Most
if the positive findings in the above assays were reported by
single rese.arch group (Tsutsui et al.), which predominantly
kserved effects at high concentrations, which also inhibited
x11 growth. Fluoride has been claimed to exert anticlastogenic'"
red antimutagenic' 61 activity on known genotoxic agents; however, the antimutagenic effects have been *refuted as artifacinal.'62 No data are available on the genotoxic effects of fluoride
in exposed humans.
fects on Cellular Enzyme Activities

rtuoride at millimolar concentrations affects the in vitrodetermined activities of many cellular enzymes, including cholinesterase, glutamine synthetase, catalase, a/kaline phosphatase, phosphorylase, acid phosphatase, pyrophosphatase,
aconitase, esterases, creatine phosphokinase, muscle ATPase,
glucuronidase, phosphomutase, enolase, succinate dehydrogenase, adenyl cyclase, cytochrome c, lactate dehydrogenase,
and carboxylase."° Some enzymes such as pyrophosphatase,"
acetylcholinesterase," glucose-6-phosphate phosphohydrolase in the presence of aluminum ions," 5 and lactate
dehydrogenase' 66 are inhibited by fluoride, white others, such
as adenylate cyclase," are activated.
.
The relevance of these findings to the effects of low chronic
doses of fluoride is questionable, since it is unlikely that adequate cellular levels of fluoride to alter the enzyme activities
would be attainable in vivo. However, administration of fluoride to animaLs has caused changes in enzyme activities. Sodium
fluoride (35 mg/kg) increased rat hepatic and renal glucose-6phosphatase activity two- to fourfold 3 h after administration,
contrasting with reports of inactivation in vitro.'" Glucose-6phosphate dehydrogenase activity increased after 30 cl of
administration of 25 mg sodium fluoride per kilogram per day,"
but monoarnine oxidase and acetylcholinesterase activities were
not altered. Much of the in vivo and even in vitro data on

272

fluoride effects on enzymes is contradictory, and the following
results with adenylate cyclase serve as an example.
In broken cell preparations of adipocytes, fluoride (10 triM)
increased adenylate cyclase activity by between 4- and 11-fold,
but was ineffective when cells were whole. ' 6' In contrast, in
whole cell preparations of hepatocytes, fluoride (0.15 to 10
rnM) increased adenylate cyclase activity by 1.6- to 5.9-fold. z"
In vivo acute administration of fluoride (0.05 and 0.10 mg/kg
body weight) to humans produced maximal serum fluoride
levels of 0.27 mg/1 at 30 min after administration, without
affecting adenylate cyclase activity."' Rabbits that received
10 mg sodium fluoride per kilogram per day for 6 months
achieved serum fluoride levels of 0.38 mg/1 and exhibited approximately twofold increases in liver and kidney and a threefold increase in bone adenylate cyclase activity.'" Rats exposed
to high concentrations of fluoridated drinking water (100 mg/
1) for up to 8 weeks achieved blood fluoride levels of 0.12 mg/
1, but exhibited no change in adenylate cyclase activity as
evidenced by urinary concentrations or the daily excretion of
cyclic AMP." Squirrel monkeys were administered distilled
water containing fluoride at 0, 1, or 5 mel for 18 months."
The central nervous system, liver,ind kidneys were examined
histochemically. No histological effects of fluoride were detected. Enzymes involved with active transport, lysosomes,
citric acid cycle, energy generation, anaerobic metabolism, and
the pentose shunt were unaffected in the nervous system and
liver. In the kidney, acid phosphatase activity was significantly
increased at 5 mg/1, as were some activities of the citric acid
cycle and the pentose shunt."
Overall, with one exception, the serum fluoride levels in
animal studies required to produce effects on enzyme activities
exceed the maximum levels of serum fluoride for humans
drinking optimally fluoridated water by almost tenfold. There
are no available data to indicate that, in humans drinking optimally fluoridated drinking water, the fluoride affects enzyme
activities with toxic consequences.
A 1:1 complex of potassium fluoride and uracil, grown from
80% climethyl sulfoxide — 20% water, has been used to demonstrate. strong hydrogen bonding between the fluoride anion
and the nucleotide base, thereby disrupting the self-association
of uracil.'" The potential for the fluoride anion to form strong
hydrogen bonds with amides is supported by theoretical calculations and experimental spectroscopic data from studies
where the potassium fluoride concentrations was 1 g/10 g solution.'" These results formed the basis of suggestions that
fluoride may disrupt hydrogen bonds . in enzymes and DNA,
thereby altering aspects of maeromoliecular structure with toxic
consequence.'" The finding of strong hydrogen bonding by
fluoride under these extresne/y nonphysiological conditions was,
however, not duplicated in a study conducted under normal
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sions about the reproductive risks of fluoride exposure to
humans. The available epidemiological studies do not support
an association between consumption of fluoridated water and
congenital malformations.

physiological conditions of pH and concentration.'" There is
no available evidence to support the hypothesis that strong
fluoride hydrogen bonding properties, observed under extreme
conditions, can lead to toxicity from exposure to chronic low
levels of fluoride.

V. MECHANISMS OF FLUORIDE
INTERACTION WITH TEETH

F. Reproductive/Developmental Toxicity
The epidemiological data relating fluoride exposure to effects on human reproduction, including fertility, and congenital
malformations are largely inadequate due to limited sample
sizes, inadequate exposure data, and other methodological
problems; the available data have been reviewed. 16
Early epidemiological studies by Rapaport"-" ." reported a
twofold higher incidence of Down's syndrome in communities
using water supplies with naturally elevated fluoride levels (1
to 3 mg/I) over those with naturally low levels (0.1 mg/1).
However, these reports have been criticized due to methodological errors such as poor case ascertainment, use of child's
birthplace rather than maternal residence for defining exposure,
and failure to classify Down's syndrome incidence by maternal
age-specific groups. "94' Several more comprehensive and
carefully conducted studies have not confirmed this association.'"3"." These *studies compared Down's syndrome incidence in communities having high fluoride concentrations
'generally 0.7 to 2 mg/1) with those having low concentrations
„generally 0.3 me) in their water supplies. In addition, a
lack of association with other congenital malformations has
been reported.'"-' 153" No correlation was found between exposure to fluoridated water and general health and behavioral
status in children evaluated from birth to 7 years of age."
Limited data are available on the reproductive effects of
fluoride in animaLs• Decreased calving rates (30 to 50%) have
been reported in young cows exposed to 0.55 mg fluoride per
kilogram per day (5 mg/1) via drinking water for 4 years" or
1.56 mg fluoride per kilogram per day (77 mg/kg feed) via
diet for 9 years, but not at 1.2 mg fluoride per kilogram per
day (57 ing/kg feed).'" Developmental effects, including sainted
growth, abnormal bone morphology, and dental fluorosis, have
been observed in the offspring of fluoride-intoxicated cows."
Exposure to 20 mg fluoride per kilogram per day (100 mg/1)
in drinking Water impaired reproduction in mice,'" while neither 0.48 mg fluoride per kilogram per day (20 me) via drinking water in sheep," nor 23 mg fluoride per kilogram per day
(460 mg/kg feed) via diet in rats"' was reported to produce
adverse reproductive effects. Studies on guinea pigs exposed
to 5 to 50 mg fluoride per liter in drinking water (1.7 to 17
mg/kg/d), indicate that uptake by the fetus is related to the
length and roagnitude of maternal exposure prior to gestation,
with more fluoride transferred to fetal tissues during each successive pregnancy." .
In summary, the lack of epidemiological and limited texicological data on fluoride does not permit definitive conclu-

Elucidation of the mechanisms whereby fluoride interacts
with and affects the viability of teeth should provide a basis
for selection of its best route of administration. However, a
number of mechanisms are apparently cooperative, incorporating both systemic and topical fluoride applications. These
mechanisms involve the action of fluoride on hydroxyapatite
of enamel, on dental plaque bacteria, on the enamel surface,
and in altering tooth morphology.

A. The Action of Fluoride on Hydroxyapattte of
Enamel
The solubility of enamel in acidic buffer is inversely proportional to the fluoride content of the teeth." Fluoride stabilizes the crystal structure of the hydroxyapatite of enamel by
providing additional and stronger hydrogen bonds." 3 Rernineralization of teeth in the presence of fluoride more rapidly
and effectively rehardens the enamel surface" 6 and increases
the average crystal diameter of the enamel. These effects of
fluoride are probably a consequence of the partial substitution
of fluoride for hydroxyl groups in the hydroxyapatite of the
enamel to yield fluorapatite." A combination of the occurrence
of the highest level of fluoride substitution at the surface of
.the enamel and the coating of hydroxyapatite crystals with
fluorapatiter" could explain how relatively low fluoride concentrations could influence tooth decay. Systemic application
of fluoride is required for substitution at the inner tooth surface
during tooth development, while deposition at the surface of
developed teeth is a consequence of topical application."."

B. Action of Fluoride on Dental Plaque Bacteria
The enamel crystal surface undergoes continual erosion and
reformation via ion exchanges." 3 nineralization of enamel
occurs when the pH at the plaque-enamel interface is low and
remineralization predominates as the pH rises to neutrality.'"
Demineralization involves the transfer of calcium and phosphate ions from enamel into plaque. Bacterial glycolysis results
in a fall in plaque pH, which is to a major extent prevented
by fluoride. Thus, topical applications of fluoride facilitate
. remineralization by. inhibiting bacterial glycolysis, thereby diminishing the potential for tooth decay." The specific steps
in glyco/ysis and the availability of sufficient concentrations
of fluoride to inhibit those steps are still in question. Topically
applied fluoride decreases levels of Streptococcus =tans, a
virulent cariogenic bacterium."
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The Action of Fluoride on Tooth Morphology and
)n the Enamel Surface
Claims that fluoride acts to prevent tooth decay by altering
he morphology of teeth by lowering the free surface energy
g teeth and by desorbing proteins or bacteria cannot be
mbstantiated.'
Current knowledge of the mechanisms of fluoride action
tuggest that both systemic and topical applications of fluoride
iffect tooth decay. The relative importance of the two routes
pf administration is not currently resolvable based on mechanistic considerations.

A variety of standards and guidelines for exposure to fluoride
have been recommended to aid in the protection against dental
caries and/or the development of adverse health effects. The
National Research Council has estimated "adequate and safe"
daily fluoride intakes to be 0.1 to 0.5 mg for infants less than
6 months of age, 0.2 to 1.0 mg for infants baween 6 and 12
months, 0.5 to 1.0 mg for children between the ages of 1 and
years, 1.0w 2.5 mg for 4- to 6-year-old children, 1.5 to 2.5
or *children from 7 years to adulthood, and 1.5 to 4.0 mg
- adults.' The American Dental Association and the American Academy of Pediatrics have recommended a fluoride supplementation schedule for children that is designed to prevent
dental caries without the development of objectionable dental
fluorosis; these values are presented in Table 2.2' The U.S.
Environmental Protection Agency (EPA) established a maximum contaminant level (MCL) of 4 mg fluoride per liter for
fluoride in drinking water, which was based on the avoidance

of skeletal, but not dental, fluorosis. 2" A secondary MCL,
based on dental fluomsis (considered a cosmetic effect by EPA),

mg/1..2" The World Health Organization recom-

Table 2
Supplemental Fluoride Dosage
"Schedule in Children According
to Age and Drinking Water
Fluoride Levels
Water fluoride concentration
Ate (Yeses)

<0.3
WA

1.3-0.7
ODA

>0.7
(ne/l)

Birth to 2
2 to-3
3 to 13

0.25"
0.50
1.00

0.0"
0.25
0.50

0.0'
0.0
0.0

•

Values are given in milligrams fluoride per day.

Adapted from the Ameriaui Dental Association. J.
113. 506. 1986.

Am. Dem. Assoc.,

274

VII. CRITERIA FOR EVALUATING
EXPOSURE TO FLUORIDE
The predominant health concerns associated with chronic
exposure to elevated levels of fluoride 2 mg/1 in drinking

VI. CURRENT STANDARDS AND
GUIDELINES

was set at 2

mends a guidance value of 1.5 mg/I for fluoride in drinking
water to avoid mottling of teeth." The MCL for community
water supplies in New York State is 2.2 mg/I (set at twice the
optimal level of 1.1 mg fluoride per liter).' An occupational
exposure limit of 2.5 mg fluoride per cubic meter, on a time
weighted average basis has been established to protect workers
from the adverse health effects associated with airborne fluoride compounds.'

water) are dental and skeletal fluorosis. There is no evidence
that human exposure to fluoride in drinking water causes increased incidence of kidney disease or dysfunction (up to 8
mg/1), increased cancer mortality or incidence (reported to be
>2 mg/I), genotoxic effects, alterations in cellular enzyme
activities, and birth defects (up to.2 mg/1). The available .
. idemiological data on other adverse effects (i.e., hypersensi- ' 4
tivity, reproductive performance, and increased susceptibility
• of individuals with renal insufficiency) are inadequate to evaluate risks associated with exposure to fluoride. Adverse effects
in experimental animals (anemia, kidney necrosis, thyroid effects, decreased growth rate, impaired reproductive performance) generally occur at high dose levels (0.5 to 5 mg/kg/
d).
Dental fluorosis is the most sensitive indicator of exposure
to fluoride. Exposures to low levels of fluoride (1 to 2 mg/I)
can contribute to moderate dental fluorosis in a small proportion

of exposed children (approximately Ito 2% at 1 mg/1 and 10%
at 2 mg/I). Severe dental fluorosis has only been consistently
observed at levels exceeding 2.5 mg/1. The frequency and
severity of dental fluorosis increases at higher concentrations.
Fluoride at these concentrations (i.e., 1 mg/I) also contributes to :educed dental caries formation, which is a beneficial
effect.
Several scientific groups have questioned whether moderate

or severe dental fluorosis should be considered an adverse
health effect. The U.S. EPA considered dental fluorosis to be
•a cosmetic effect rather than a health effect when deriving the
MCL for fluoride in drinking water. However, the World Health
Organization, the National Academy of Sciences, the American
Dental Association, and the American Academy of Pediatrics
• have all recommended that exposures not exceed the optimal

levels for dental caries benefits (see current standards and
guidelines section) in order to avoid dental mottling, as well
as adverse effects which may occur at.higher levels.
At 'fluoride concentrations of 4 to 8 mg/1 in drinking water,
asymptomatic evidence of skeletal fiuorosis (increased bone
density) has been observed in a small proportion of the population (10 to 15% at 8 mg/1). The clinical significance of these
Volume 1, Issue 4
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changes is questionable, since no observable adverse health
effects have been associated with these changes. Although

fluoride supplements have been used for the treatment of osteoporosis, there is no clear evidence that exposure to fluoride
in drinking water has any beneficial effects on bone. Overt
symptoms of skeletal fluorosis are generally not observed at
dose levels below 20 mg/d (i.e., exposure to >10 mg/1 for 20
years or more). However, those individuals with renal insufficiency who consume large quantities of fluoridated water are
it an increased risk of developing skeletal fluorosis.
When evaluating the health risk associated with exposure to
fluoride, it is important to also consider the benefits of fluoride
on dental health. A fluoride concentration of 1 mg/lin drinking
water is generally considered to be the optimal level for reducing dental caries without objectionable levels of dental fluorosis. In nonfluoridated communities, the use of fluoride
supplements by young children has been recommended by the
American Dental Association and the American Academy of
Pediatrics to decrease the frequency of dental caries.
The margin of safety between typical fluoride intake by
individuals living in fluoridated (1 mg/1) and nonfluoridated
(<0.3 mg/1) areas and intakes associated with dental and skeletal fluorosis in humans is shown in Table 3. For this analysis,
it was assumed that children and adults consume 1 and 21 of
water per day, respectively, and that exposure to fluoride from
other sources is equivalent in fluoridated and nonfluoridated
areas. Average exposures to fluoride from food and air, are
approximately 0.4 mg/d for adults and 0.2 mg/d for children.
However, those individuals living near fluoride-emitting point
sources who we exposed to much higher levels and those who
consume greater volumes of water than assumed in this assessment are at increased risk of developing fluoride-induced
health effects.
Children living in fluoridated areas (1 mg/1) or receiving
fluoride supplements (0.5 to 1.0 mg/d) have a 1.5- to 3fold margin . of safety over levels associated with moderate
(2 mg/1) or severe (>2.5 mg/1) dental fluorosis in a small
proportion of the population. Children living in nonfluoridated
areas who do not receive fluoride supplements have a higher
margin of safety (seven- to eightfold) from dental fluorosis,
but we at increased risk of developing dental caries. Since
dental fluorosis is induced during the years of tooth formation,
adults are not at risk to this effect unless they were exposed
to elevated levels during childhood.
Adults living in fluoridated areas have a four- to eightfold
• margin of safety over levels shown to increase bone density
in approximately 10 to 15% of the population (4 to 8 mg/1)
and tenfold margin of safety over levels associated with clinical
• symptoms of skeletal fluorosis (20 mg/d). The margin of safety
from preclinical and clinical stages of skeletal fluorosis among

Table 3
Margin of Safety between Exposure to Fluoride by
Individuals Living in Fluoridated (1 mg/1) and
Nonfluoridated (<0.3 mg/I) Areas and Fluoride
Levels Causing Dental and Skeletal Fluorosis
Margin of safety'

Exposures

Dental Outwards`
Moderate

Chfldrene
Fluoridated
Natfluolidated + 0.5 to 1.0 mg fluoride per
day supplements
• Nonfluoridated without supplements

Severe

2
2.5-1.5

2.5
3.1-1.9

6.7

8.3
Skeletal &mewls'

Aduitr

Preelhdcal
4-8
13-26

Fluoridated
Noofluotidated
•

10
33

effect level

Margin of safety
estimated daily exposme
.•
b 10% prevalence of moderate fluonnis at 2 me; severe fluorosis observed
*1 >2.5 mg/1. Effects art not applicable for adults since fluorosis is only
induced during years of tooth formation.
▪ Assumes children and adults consume 1 and 2 1 of water per day, respectively, and exposure to fluoride from other sources is equivalent in fluoridated and nonfluoridated areas.
Psechnical changes in bone density at 4 to 8 mg/I (10 to 15% prevalence
at 8 mg/1); clinical symptoms occur at intakes exceeding 20 mg/d for 20
years. Effects have not been reported in U.S. children' exposed to up to 6

adults living in nonfluoridated areas is 13- to 26- and 33-fold,
respectively. The clinical significance of asymptomatic increases in bone density is questionable; however, clinical stages
of skeletal fluOTOSiS clearly represent an adverse health effect.

VIII. SUMMARY
This summarizes =rent knowledge of the benefits and risks
of fluoride ingestion.
The preponderance of evidence indicates that fluoride can
reduce the incidence of dental caries and that fluoridation of
drinking water can provide such protection. Due to the ubiquitous nature of exposures to fluoride sources other than drinking water, it is currently impossible to draw firm conclusions
regarding the independent effect of fluoride in drinking water
on caries prevalence using an ecologic study design.
Moderate dental fluorosis occurs in 1 to 2% of the population
•exposed to fluoride at 1 mg/1 in drinking water and in about
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10% of the population at 2 mg/I; moderate/severe fluorosis
occurs in variable percentages ranging up to 33% of the population exposed to fluoride at 2.4 to 4.1 mg/I in drinking water.
The issue of whether moderate or severe dental fluorosis represents an adverse health effect is still controversial.
There is no evidence of skeletal fluorosis among the general
U.S. population exposed to drinking water fluoride concentrations lower than 4 mg/l. Radiographically detected osteosclerosis after chronic exposure to fluoride in drinking water at 8
mg// was not associated with clinical symptoms. Reports of
crippling skeletal fluorosis associated with low concentrations
of fluoride in drinking water in tropical countries have been
attributed to other dietary factors.
The available data suggest that some individuals may experience hypersensitivity to fluoride-containing agents. Further
studies on hypersensitivity are required..
There is no evidence of increased incidence of renal disease
or renal dysfunction in humans exposed to up to 8 mg fluoride
per liter in drinking water. Structural changes in kidneys of
experimental animals have been detected at doses exceeding 1
to 5 mg fluoride per kilogram per day.
Based on four case reports, individuals with renal insufficiency who consume large volumes of naturally fluoridated
water at 2 to 8 mg/1 are possibly at increased risk of developing
'-tletal fluorosis. Studies on the effects of fluoride in individs with renal insufficiency are needed.
There is no evidence that chronic exposure to concentrations
of fluoride reported to be >2 mg/1 in drinking water increases
• human cancer mortality or incidence. A study of lifetime exposure to fluoride on cancer incidence in rats and mice has
been completed, but assessment for cancer has not been
completed.
There is no evidence that fluoride is genotoxic except in
some in ViITO assays at cytotoxic concentrations.
There is no in vivo evidence that fluoride affects human
cellular enzyme activities. Fluoridated drinking water at
5 mgll slightly increased renal enzyme activities. in monkeys
when ingested chronically for 18 months. There is no evidence
that fluoride hydrogen bonds to cellular macromolecules under
physiological conditions with toxic.consequences.
There is no evidence that exposure of pregnant mothers to
fluoride at up to 2 mg/I in drinking water causes Down's syndrome or other congenital malformations in offspring. Studies
at higher concentrations have not been undertaken. There are
no studies relating human reproductive performance to fluoride
exposure.
Children living in fluoridated areas or receiving fluoride
supplements (0.5 to 1.0 mg fluoride per day) have a 1.5- to
Mold margin of safety from moderate or severe dental fluorosis. A higher margin of safety (seven- to eightfold) exists
children living in nonfluoridated areas who do not receive
Amide supplements.
The margin of safety over preclinical and clinical stages of.
276

skeletal fluorosis among adults living in fluoridated areas is 4to 8-fold and 10-fold, respectively; adults living in nonfluoridatal VMS have a 13- to 26-fold and 33-fold margin of safety
from these effects, respectively.
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PREFACE
FLUORIDE: BENEFITS AND RISKS OF EXPOSURE

Review Procedures
• 'The New York State Department of Health report "Fluoride: Report on
Benefits and Risks of Exposure" has undergone an extensive review process. After
initial internal review the report was distributed, and an oral presentation was
made, to representatives of the American Academy of Pediatrics and the Dental
Society of the State of New York. Written comments were subsequently received
from these groups. The report was revised and then distributed to all
individuals and organizations requesting copies, with a request that written
comments be submitted to the Health Department. Additional individuals and
groups also submitted responses.
All written critiques were reviewed by the authors of the report. Every
specific comment on errors or omissions was checked by referral to the references
provided. The authors alone, without any other input, then determined whether
additions, deletions or modifications of the report were required in response to
the criticisms.
Fifty-eight written responses were received, one originating in Denmark,
three in Canada, three in Australia, one in Austria, one in India, and 49 in the
USA. One letter included 50 signed, form letters. Of the 58 responses, five
were completely supportive, requesting no changes in the report, eight suggested
that the report inadequately supported policies of fluoridation, and 45 suggested
inadequate references to studies in opposition to fluoridation.
The report, modified only with respect to its format and title was
submitted to "Critical Reviews in Oral Biology and Medicine" for publication.
Under the title Fluoride: Benefits and Risks of Exposure", it was reviewed by
two anonymous referees selected by the journal. Minor modifications were made
in response to their critiques and the report was published. The attached
document is a reprint of the published report.
$ummary of Criticisms and Responses
The central theme of the responses which favored fluoridation of drinking
water was that the language of the report was not sufficiently, unambiguously in
favor of fluoridation. It was suggested that stronger and undeniable support for
community fluoridation should be included; that the report is indecisive, and its
language and content are misleading, controversial, and confusing; that dental
fluorosis and preclinical skeletal hardening are not adverse health effects; that
the concentrations of fluoride present in drinking water should be eliminated
from conclusions so that conclusions would be apparently broadened and
strengthened; that suggestions for further, studies particularly on
hypersensitivity be eliminated or that it be indicated that the studies leading
to such suggestions are very weak; that statements in support of the efficacy of
fluoride for dental health be strengthened by removal of qualifying terms such
as "suggests"; that criticisms of epidemiology studies on the dental benefits of
fluoridation be muted; that in non-fluoridated areas, which have exhibited
declines in dental caries, the rates of caries are still significantly higher
than in fluoridated areas; that fluoride in drinking water is more effective than

1

fluoride from other sources in preventing caries; that there is no evidence for
any fluoride-mediated renal damage; that there is "no credible evidence" of
increased rates of cancer at any concentration of fluoride; that the title of the
report does not reflect the content; that community water fluoridation is the
most cost effective means of reducing tooth decay; that the report should be
written from a public policy perspective rather than a laboratory research

peespective; that the issue of root caries should be addressed; that some of the
word choices and caveats tend to diminish the positive aspects of the report;
that the reference to animal studies on cancer and fluoride be eliminated; that
adults do not swallow dentifrices; that the method of assessment of caries is
standardized and reproducible; and that there is no evidence that humans
experience enzyme toxicity from drinking water fluoridated at any concentration.
Overall the strength of the individual conclusions drawn is, in the view
of the Department of Health, supported by the data in the references used.
. Epidemiologic data produced from studies at particular fluoride concentrations,
which should be stated, cannot be extrapolated to produce conclusions at higher
concentrations. The . Department of Health considers that the question of whether
preclinical symptoms of skeletal and dental fluorosis are adverse effects is not
one that can be resolved scientifically; that for issues which have not been
adequately resolved, outstanding questions should be stated in the text of the
report; that caveats and qualifying terms should be included when the data under
review warrant it; that there is evidence for renal toxicity at high doses of
fluoride; that the title of the report does reflect its content; that the intent
of the report, i.e.,to review the scientific status of the efficacy and toxicity
of fluoride, has been realized; that the issue of root caries should be addressed
in the report; that the assessment of DMF is sound and this should be in the
report; and that the swallowing of dentrifices is unlikely in adults.
The central theme of the responses, which opposed fluoridation of drinking
water, was that the report is biased in that it reviews only those references
which support fluoridation. In summary it was suggested that the report lacks
scientific objectivity and is self-contradictory; that there was no dialogue
between the authors of the report and opponents of fluoridation; that numerous
specific reports indicating the toxicity of fluoride are omitted from the report;
that the authors of the report are committed to fluoridation; that fluoridation
is the greatest hoax of the twentieth century; that studies indicating that nonfluoridated communities have better dental health than fluoridated communities
are omitted; that the report is too complacent about the hazardous effects of
fluoride; that with drinking water fluoridated at 1 mg/1, recommended dosages for
children can be exceeded; that any dental fluorosis is evidence of an adverse

effect; that fluoride in drinking water does not diminish dental caries; that the
discussion concerning fluoridation in Antigo, Wisconsin is erroneous; that the
epidemiologic data reviewed in the report is subject to observer bias; that
fluoride overdosage in drinking water from equipment failure is a current threat
to health; that any systemically administered fluoride is hazardous to health;
that individuals should be free to choose whether they ingest supplemental
fluorides; that there is an untested connection between water fluoridation and
Alzheimer's. Disease; that the entire study (report) is a whitewash of the
fluoridation program; that fluoride is a medication which thus should be
administered based on body weight of the recipient rather than randomly in the
drinking water; that Americans . are consuming many times more fluoride than in
previous generations; that fluoride is a'carcinogen; that non-standard scientific
notation was used in the bibliography of the report; that higher fracture
2

incidences occur in women living in more highly fluoridated communities; that all
studies indicating a beneficial effect of fluoride are essentially useless and
should be discarded; that fluoridated toothpaste is superior to water
fluoridation in benefitting dental health; that the discussion of decreasing
prevalence of caries in non-fluoridated areas is incomplete, and that in several
areas this decrease occurred before the widespread use of fluoride began; that
total fluoride intake from all sources should be below the level which causes
moderate dental fluorosis; that there is a generation effect of chronic exposure
of . animals to fluoride; that fluorosis has a psychological effect on the

afflicted person; that the authors of the report were carefully selected to
promote fluoridation; that the report is anonymous because of the uncertainty of
the authors of their statements; that the numbers presented in Figure 1 are
incorrect; that systemic mechanisms play at best a minor role in the effect of
fluoride on dental caries; that statistical analyses of all studies demonstrating
the benefits of fluoridation are incorrect; that a discussion of fluoridecontaining mouth rinses is missing from the report; that the gastrointestinal
system is one of the systems most sensitive to fluoride toxicity; that an
abstract is referenced in the report; that the report fails to indicate the
extent and degree of scientific opposition to fluoridation; that the fact that
some European countries have stopped fluoridation is ignored in the report; that
margins of safety as calculated in the report are unusually low; that the reason
skeletal fluorosis is not seen in the USA is because it is not looked for; that
the names of the cities of Deming and Lordsburgh are reversed in the text of the
report; that there are some typographical errors in the report; and that
criticism of the Grimbergen report could not have been made by the American
Academy of Allergy in its 1971 report since it was not yet published at that
time.
The authors of the report are New York State Department of Health staff
scientists, who were selected based on their previous experience in scientific
report preparation, and who had neither previous involvement nor preconceived
ideas on . fluoride and fluoridation toxicity and efficacy. The report was
prepared using peer-reviewed, scientific publications, which were selected by
computer-based searches of the scientific . literature. The authors did not
consult with other scientists or members of the dental community during their
preparation of the report. Subsequent to completion of the first draft the
report was extensively reviewed as previously described, and modified by the
•authors based purely on scientific considerations. When respondents suggested
the inclusion of references, which on review weredetermined to be scientifically
valid, these were included if they added ' a new perspective to the report.
.However, if no new insights were provided by the papers, they were not included.
The Department of Health considers that the report provides a balanced
review of the current scientific status of the toxicity and efficacy of fluoride;
that the derived margins of safety should be used in conjunction with a
consideration of the beneficial aspects of fluoride; that there is no indication
that American intake of fluoride is increasing rapidly; that standard scientific
notation is used in the bibliography of the report; that a discussion of fracture
rates in women should be included in the text; that' the issue of rates of
• decrease in dental caries in non-fluoridated areas has been adequately addressed
in the report; that . inadequate data-are . available to warrant claims of a
generation effect of chronic exposure to fluoride in animals; that the names of
the authors should be added to the report; that some of the numbers in Figure 1.
were incorrect and are now correct; that the mechanisms of fluoride action in
3

preventing dental caries have not been adequately resolved; that a discussion of
the acute toxicity of fluoride-containing toothpastes, rinses, and tablets be
included in the report; that the use of an abstract as a reference is acceptable
when no subsequent paper has been published, and when the abstract is used as a
supporting, rather than sole, reference; and that all typographical errors
indicated have been corrected.

John Scott Small
Information Specialist
Fluorides & Health (NIDR)
National Institutes of Health
5333 Westbard Avenue
Bethesda, Maryland 20892
(301) 4969220 FAX 480-2092

Water Fluoridation Status Table 3 (ii)

As at 31st December 1989
Artificial
COUNTRY

Number of
Communities

China, Taipei
01271
7
Colombia
0
Cook Islands
0
Cyprus
Czechoslovakia 12(x)
0
Denmark
0
Ethiopia
3
Fiji
Finland
-1
0
France
0
Gabon
0
Greece
0
Grenada
1
Guyana
0
Haiti
0
Honduras
AllY
Hong Kong

WATER FLUORIDATION
. Natural

Population
served
0
29,406.860
0
0
1,500,000(x)
0
0
300,000
76.000
0
0
0(39)
0
45,000
0
0
TOTAL

S

OTHER FORMS
Approx Tablets
Topical Brushing Toothpaste
Salt
apph- or rinsing
market
Number of Population cation
with F
Sale
Sale
share
Communities
served
of F
solution lest- . unrestsolution
ricted ricted
?
50% Yes
No
Yes
Yes
No
No
7
600,140
Yes
Yes
80% Yes
No
Yes
No
7
7 Yes
No
Yes
0
No
0
Yes
Yes
90%
Yes
No
Yes
Yes
Yes
Yes
30,000
5
Yes
No
Yes
40% Yes
No
Yes
10(x)
15,000(x).
Yes
Yes
No
Yes
98% Yes(41) No
• 50.000(x)
3
No
No
1711
172)
1731 No
7
.
No
7
50% Yes
Yes
No
Yes
Yes(19)
0
Yes
0
Yes
No
Yes
99%
Yes
No
Yes
200,000(x)
40(x)
7 Yes
Yes
Yes
Yes
No
Yes
(42)
?
No
Yes
20%
Yes
No
No
Yes
9
1,363,000
No
Yes
80% Yes(40) No
YesI40) Yes
0
0
100%
No
No
Yes
Yes
Yes
Yes
0
0
? No
Yes
Yes
No
No
Yes
200,000
8
?
Yes
Yes
Yes
Yes
Yes
No
11.461
2
Yes1121 — Yes(13) Vest IS)
No
Yes(16) Yes(11)
'
0
0
?(47)No
Yes
No
No
Yes
Yes
0
0

ten/ r 410elti,

Water Fluoridation Status Table 3 (i)

As at 31st December 1989

OTHER FORMS

WATER FLUORIDATION

Number of
Communities
0

Anguilla
Argentina

.18

Australia

. 400(11
0

Austria

Approx Tablets
Topical Brushing
Toothpaste
appli- or rinsing
market
with F
Sale
Sale
share
Number of Population cation
solution rest- unrestof F
served
Communities
ricted
ricted
solution
Natural

Artificial
COUNTRY
Population
served
0
1,293,685
10,666,97612)
0

o

o

Yes

No

5

4.500,0001x)

Yes

Yes

66

143,443

Yes

Yes(3)

No(4)

No
Yes(65)

Salt

Yes

90%

Yes

No

Yes

7

Yes

No

Yes(4)

99%

Yes

No(S)

14

7

7

Yes

No

Yes

60%

Yes

No

No

No

No

Yes

7

No

No

Yes

90%

Yes

Yes

Bahrain

7

7

7

17

Barbados

0

0 •

o

o

Yes

Yes

No

Belgium

0

0

0

0

Yes

Yes

No

Yes

95%

Yes

Yes

No

Yes

80%

Yes(49)

Yes(b0)

Bermuda

0

0

0-

o

Yes

Yes

Bhutan

0

0

0

0

Yes(6)

Yes

No

Yes

?

No

No

Botswana

0

o

1

7132)

No

No

No

Yes

100%

Yes

No

40%

60,000,000

7(56)

7 .

Yes

Yes

No

Yes

89%

No

No

Burkina Faso

0

0

0

0 .

No

No

No

Yes

?

No

No

Cameroon

0

0 •

0

o

No

No

No

Yes

?

Yes

No

148

210,399

Yes

Yes

Brazil

.

Canada

332

9,666,707

Chile

1(54)

1,381,948

China (People's
Rep. of)

0(43)

0

2(55)
7

Yes(20)

555,930

Yes

?

No

277,000,000(44)

Yes

No

No

•

No

1

Yes

No

Yes

1

Yes

No

Yes

?

No

No

As at 31st December 1989

Water Fluoridation Status Table 3 WO

WATER FLUORIDATION
Artificial
Natural
.
COUNTRY
Number of Population
Population
Number of
Communities
served
served
Communities
Hungary

0

Iceland

0

India (69)
Iran
Israel
kr

is
r...)

Italy
Jamaica
Japan
Kenya
Kiribati:

(Republic of)

o
35
.• 0
0
0
'0
0

Korea
(Republic of) 2(8)
0
LeoPDR
Lesotho
0
Luxembourg
137
Malaysia

-0
o .
0
1,600,000 .
o
0
0

'

30(x)
o
1671
13
1
?
7

0.

71231

0

60%10(28)

0
410,000
o
o
NO data available
o
li
0
10,200,000

OTHER FORMS
Topical Brushing
Toothpaste
Approx
appli- or rinsing
market
cation
with F
Sale
Sale
share
of F
solution
rest- • unrestricted ricted
solution
Yes
No
60%
Yes
Yes
30,000(x)
No
Yes
Yes
Yes
99%
0
No
)
YesI70)
No
No
?
Yes
No
Yes
Yes
?
75,000
7
?
?
7(23)
60%(x)
0
0
0
0

Tablets

Yes 135 . 95n.
Yes
?

Yes
Yes
Yes
Yes
Yes(241 Yes(25)

No
No
No
No
No

Yes

No129)

Yes(9)
No
Yes
Yes

Yes(101
Yes
No
Yes

Yes

Yes

Yes
?

Yes
?

Salt

Yes

Yes

Yes

No

No

Nu

Yes

Ye!.(1,rit

Yes

No

)

Yes

100.,

Nu

Yes

Yes
Yes

20°)

No

Nu

80%

No

Nu

No

Yes(30)

98°.

No1291

No(1

No
No
No
No
No

Yes

90°—

Yes

No

Yes

100°0

No

No

Yes

?MI

Yes

90%

Yes

No

Yes

0

No

No

As at 31st December 1989 •

COUNTRY

Water Fluoridation Status Table 3 (iv)

WATER FLUORIDATION
Natural
Artificial •
Number of ,
Communities

Population
served

Number of Population
Communities
served

Topical Brushing
appli• or rinsing
with F
cation
of F
solution
solution

OTHER FORMS
Toothpaste
Sale
Sale
rest
•
unrestricted tidied

Apia, is

1.11110!.

Solt

malket
shale

•

Mali
Melia
Mexico
Mongolia
Myanmar
Namibia
Nauru, Rep. of
Netherlands
New Zealand
Nigeria
Norway
Pakistan
Philippines
Poland
Portugal
Romania

0
0

0
0

12
0
0
0

1,000.000

0
?
14 .

0

P
0
0
0

1661
01581

0

ti

0

74
0.
0
0
13
3
0
0

64%
0
0
0
5,000,000(x)
80,000
0
0

?

0
1
7(33)
0
14
2
0(45)
7

0
?
3.000,000
?
?
200,000(x)
0
0
0
20,000
10,000
0
850.000
300.000
0

No
Yes
Yes
Yes

?
Yes
Yes
Yes

Yes
Yes
Yes(59)
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes(46)
Yes

Yes
No
Yes
Yes
Yes(7)
Yes
Yes(34)
Yes
Yes
Yes
Yes(46)
Yes

No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes

Ni

No

98"..
70"..
7

set.

:.
Ni

No
YI!!,

Yi,

?
?

Yes

Yet.

Yes
Yes 20 30"„
¶10,.
Yes
97'..,
Yes
750.,
Yes
1.10%
Yes
70%
Yes
40".,
Yes
25",.
?
95"..
Yes

YeS

Vi ".

)

Yes
No
Yes

Yes

•

N,,

Yesitio.

Ni

Yet.

Ni,

Yes

Ni,

No

Ni,

Yes

Ni

111 .!s

Nu

Yl!ti

NII

l's

Nu

Yes(.11,1

Ni.

Yes

Ni.

Water Fluoridation Status Table 3 (v)

As at 31st December 1989

OTHER FORMS

WATER FLUORIDATION

Number of
Communities

Topical Brushing
81)0- or rinsing
with F
Number of PoPulation cation
of F
solution
served
Communities
solution
Natural

Artificial
COUNTRY
Population
served

1.000,000(x)

Appiox Tablets
market

Toothpaste

Sale
Sale
shale
test
• • unrest•
ricted
—— ?
Yes
Yes1351 Yes(36) No

YesI3/1

Sill

Ni.

Senegal

0

0

1311

Sierra Leone

0

:: 0

?1261

7

Yes

Yes

No

Yes

?

Yes

Y..!.

Singapore

1

2,650.000

0

0

Yes

No

No

'Yes

i

Yes

N.

South Africa

0

0

0

0

Yes

Yes

No

Yes

100".

Yes

NO

Spain

2

0

0

?

YOS

7

7

)

7

Sri Lanka

0

Yes

150

Yes

Yes

No

Yes

100". Yes
W. Yes

Ye!,

100% Yes

Yes

Yes

No

Yes(62) No

92"0 Yes

N.,

90% No

Yes

.Sweden

0(63)

200,000(x)
0
0

10%164)

Switzerland

4

300,000

20

Syria

0

0

0

Thailand

0

0

Trinidad &
Tobago

0

0

Turkey

0

0

Tuvalu.

0

0

Uganda

0

United Kingdom 45(22)

0
5,894,759(x)

•

73(61)
?
2•3 areas
0
?
9(22)

750,000

Yes

Yes

No

Yes

40,000

Yes

Yes

No

Yes

.

0

Yes

Yes

5,000,000

Yes

Yes

7

Yes

Yes

No

Yes

7

Yes

No

?

?

0

No

Yes

No

Yes

No

No

No

Yes

7

Yes

Yes

No

Yes

?
'
21.8,324(x)

?

Ni
..

No

Nt•

No

Ye..

No

Y.

99". Yes

No

As at 31st December 1989

Water Fluoridation Status Table 3 (v

WATER FLUORIDATION
Artificial

Natural

COUNTRY
Number of
Communities
.
United States of
America
7,700

OTHER FORMS

. Population
served

121,425,572(17)

Topical Brushing
appli- or rinsing
with F
Number of Population cation
Communities
served
solution
of F
solution

Toothpaste
Sale
Sale
rest
• unrest
ricted
rider'

Approx Tabli•ts

Sall

iliarkm
slime

9.005.262(18)

Yes

Yes

No

Yes

Yi.is

No

8

15,000

1,909

Uruguay

0

0

Yes

Yes

No

Yes

(9) Yi .. .

No

Venezuela

0

0

1

100.000

Yes

Yes

No

Yes

Nu

No

Viet Nam

1(38) . 4,000.000

9

0

No

Yes

No

Yes

i Nu

NO

Zaire

0.

0

3

600.000

No

Yes

Zambia

0:

0

1 province

Zimbabwe

0

0

•

......

.iorn%10.ri:.• •

/(21)

848,863(51)
1,000,000(x)

00 - .. . (V,

No

No

Yes

Yes

Yes(52) No

Yes

100 - .. Yvi.11i:ti No

Yes( 7(

Yes( 7)

Yes

84". Y n •••11‘11 No

No

/

Footnotes to TABLE 3
t 1) Towns over 200 population.
2) 65°. of the Australian population
3) In a limited number of places.
4) F concentration limited to comply with Australian standard = 1.000 ppm maximum.
5) Fluoridated salt is not used in Australia though it is not illegal.
; 6) In schools and hospitals.
7) Only private.
Cities.
( 8)
In dental clinics.
( 9)
(10) 574,418 school children (10% of all elementary school children).
(11) Imported toothpastes.
(12) Those manufactured in Honduras.
(13) For children from 6 months to 5 years of age.
(14) On prescription.
(15) Following a feasibility study, the Department of Oral Health of the Ministry of Public
Health drew up a fluoridated table salt project which was not implemented throug
lack of finance.
(16) The Ministry of Public Health has a programme of rinsing with a 2% sodium fluoride
solution for schoolchildren in Honduras which covered 538,720 children in 1989. that
is 59% of all schoolchildren.
(17) 49.9%.
(18) 3.6%.
(19) Accepted but not on sale.
(20) Toothpastes marketed in Canada do not re q uire fluoride, but all toothpastes. with or
without fluoride, require a p proval from Health and Welfare Canada before being
allowed on the market. To receive the seal of approval from the Canadian Dental
Association, a toothpaste must contain fluoride.
(21) Two hot springs and borehole water provide a few areas With naturally fluoridated
water.
(22) District Health Authorities.
(23) Most rivers and boreholes have optimum or excess fluoride, the latter especially
along the Rift Valley. Fluorosis is one of the major dental problems in Kenya. More
than 41% of young adults are affected by fluorosis (mild-severe). Defluoridation in
some areas should be recommended.
(24) Only if necessary. Limited to dental clinics.
(25) Rinsing is not conducted at present.
(26) Natural fluoridation may occur in provincial areas.
(27) Water fluoridation was discontinued in 1989. .
(28). . Study pending on the source of natural fluorosis in outer islanders teeth i.e. on the
natural source of fluoride.
(29) High prevalence of fluorosis from natural fluoride.

(30) Sale is unrestricted but few people can afford to buy toothpaste.
(31) Kadlack and Fatick regions.
(32) 20% of the population receive their water supply from town dams in which the
fluoride ion content is below caries protective levels. The rest of the country draws its
water from borehoies. Approximately 35% of boreholes have fluoride levels between
0.8 and 2.9 mg/I. However. 6% have fluoride levels in excess of 3 mg/I.
(33) A few communities. Exact number not known.
(34) Mostly . self administered in the home.
(35) Rarely administered.
. (36) Rarely carried out.
(37). Few sold.
. (38) Ho Chi Minh City.
(39) Water fluoridation has not yet been implemented despite the repeated intervention
• of the Hellenic Dental Association.
(40) Restricted application.

Footnotes to TABLE 3 (Continued)
i41) Not recommended.
..
1421 96.3 = . of the population consume water whose level of fluoride is less than 0.5 mg;
litre. 2.7°c of the popuiation consume wate r whose level of fluoride is oetween 0.5
and 1 mg/litre. 0.48°. of the p o p ulation consumes water whose fluoride level
between 1 and 1.5 mg/litre. 0.52°c of me population consumes water whose fluoride
level is more than 1.5 mg/litre.
(43) Artificial water fluoridation had been tested in two communities of the Guangdong
province in 1965 lasting for approximately 10-15 years. It was then discontinued due
to dental fluorosis.
1441 Natural fluoride in water in most areas of China is below 0.5 mg/l. 200 million people
live in areas where water is adequately fluoridated. 77 million live in areas where
fluoride in water exceeds 1mg/l. 37 million people suffer from dental fluorosis and
1,72 million suffer from skeletal fluorosis.
(45) No communities. with recommended level of fluoride.
(46) Community based oral health programmes were started 3 years ago and require all
general dental practitioners working for the NHS to provide fluoride tablets to all
children from birth to age 14. All state schools administer fluoride mouth washes
once a fortnight to 6-10 year olds as well as supervizing daily brushing with a fluoride
toothpaste.
(47) Market share unknown but all name brands available on the market for the
population have fluoride.
(48) Most toothpastes sold are fluoridated.
(49) Government programme for 0-13 year olds in clinics, nurseries and schools. Private
on prescription.
(50) Accepted but not utilized due to country size, variety of sources and problem of
control.
(51) One tenth of the population.
(52) Brushing only. F rinses are not in use.
(53) Tablets are not easily available. They are imported, usually by the parents
themselves.
(54) Valparaiso.
(55) .First and Third regions..
(56) Not known and very rare.
(57) Va of the population.
(58) The island is dependent on fresh-water supplies imported by ships from Australia
and New Zealand — about 90% of the island's water is imported. The remainder is
found from rain water in the rainy season for 2 months of the year.
(59) Only in school dental service when the manpower is available.
(60) Available to those who request them.
(611 Four provinces.
(62) The FDA regulated that fluoride be in the range of 900-1,100 ppm.
(63) Fluoridation of water supplies has been prohibited since 1972.
(64) 0.8 ppm or more.
(65) On presqription.
(66) Most of the ground water (boreholes) in Namibia has fluoride concentration of
higher than /ppm, up to 3.5 ppm in places.
(67) Several cities.
(68) One city, experimental.
(69) India suffers from an excess of fluoridation in many areas — 5-12 ppm — so water is
not fluoridated at all.

(70) Attempting to introduce legislation to restrict sale.
. (71) Lower level of health education has led to misuse.
(72) Not available in some regions.
• (73) . Distribution depends upon the interest of traders.
(x)
Estimate.
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National Dental Associations
Country
Anguilla,
Argentina

National association
Anguilla Medical Dental
Association
Confederaci6n Odontologica de la
Republica Argentina

Australia

Australian Denial Association

Austria

Bundesfachgruppe•fiir Zahn-,
Mond- u. Kieferheilkunde der
Osterreichischen Arztekammer
Bahrain Medical Society

Bahrain
Barbados
Belgium
Bermuda
Botswana

Barbados Dental Association
Belgische V, ereniging voor
Tandheelkunde/Association
Dentaire Beige
Bermuda Dental Association
Medical and Dental Association
•
of Botswana

Table 4 1i)
Address
Cottage Hospital,
The Valley
Riobamba 373 piso 2" "0",
110251 Capital Federal.
Buenos Aires
P 0 Box 520,
St Leonards NSW 2065
Weihburggasse 10-12,
1011 Vienna
P 0 Box 26136, Manama

Telephone
1 809 497 2745

Telefax
• 1 809 497 2751

. 54 1 45.2135

45-4649
49-4555
• 61 2 9064412

Olficial Journal

Moil:411a

61 2 906 4676

Als,ti.111.111 I Ii?iit,t1

Jolimol
Ostt!tioil Iii.i

• 973 742666

tii

R.itir iii f1. Ii. ii
Sm.wly Ii iii

P 0 Box 95, Bridgetown
rue Washington 40
Ole 22, 1000 Brussel
P 0 Box HM 380
Hamilton HM OX
P 0 Box 798. Gaborone

1 809 236

1 809 236

4477
• 267 31 4252

8380
it liii n .I

r1tiJii

.11

and
iii ,o1

Ru.1•,waito

Brazil

AssociacaO Brasiliera de
Odontologia
Conselho Federal de Odontologia
Associacao Brasiliera de Ensino
OdontolOgico

Rua Alvaro Alvim, 33/37
Salas 514/517, ZC-06 CEP
20.031. Rio de Janeiro
Av Nib
o Pesanha, 50 Conj.
2316, CEP 20.044
Rio de Janeiro CIJ
Av General Newton
Cavalcanti, 1650, Caixa
Postal 1536,.Camarajibe, .
CEP 50.001 Pernambuco, PE

• 55 21 240 3485
• 55 21 262 0369
i 5581 271 1153

•

•
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Hip Fracture Incidence before and
after the Fluoridation of the Public
Water Supply, Rochester, Minnesota

ABSTRACT
Recent ecological comparison
studies have suggested a positive association between fluoridation and
hip fracture. Using data from the
Rochester Epidemiology Project, we
found the incidence of hip fracture for
the 10 years before the fluoridation of
the Rochester, Minn, public water
71y was 484 per 100 (l00, com.ed with 450 per 100 000 in the following 10 years. When the effects of
calendar time and age were controlled for, the relative risk associated with fluoridation was 0.63.
hesewolOgic trend data suggest

that the fluoridation of public water
supplies is not associated with an immediate inaease in rates of hip fracture. Further studies of this association at the individual level are clearly
required before public policy decisions can be made. (Am .1 Public
Wealth. 1993;83:743-745)

cy 1993.

Vol.. 81 No . 5

Steven J. Jacobsen, MD, PhD, W. Michael O'Fallon, PhD, and L Joseph
Melton III, MD

Introduction
. Since 1945, communities have added
fluoride to public drinking water supplies
in order to prevent tooth decay.' It was
hypothesized that this added fluoride
would strengthen bone as wel1,2 yet most
ecologic studies faded to detect a protective effect for fractures.1-2 In contrast,
Bernstein et al. found a decreased prevaknee of vertebral fractures in areas with
high natural concentrations of fluoride,
and Simonen et al. found a lower incidence of hip fractures in a Finnish city
with an artificially fluoridated water supply than in one with low fluoride levels.8.9
Other investigators, however, were unable to duplicate the protective affect in
the same area. gui More recently, however, ecologic studies have suggested an
increased risk of hip fracture .associated
with fluoridation 12-t6 The increased risk
of fracture may occur immediately after
fluoridation," and the only study to date
that has examined fracture incidence rates
within a community did find a slight increase in the risk of hip fracture after fluoridation of the public water supply as
compared with before fluoridation (5.8 per
1000 vs 5. 4 per -1000, respectively)! Be-.
cause that study was based on only 251
cases, however, it may have lacked the
power to detect differences in fracture
rates:
In order to address the question of an
immediate effect of fluoridation on community fracture risk more directly and
completely, we used data from the Roch-

ester Epidemiology Project to determine
the incidence of hip fracture among men
and women aged 50 years and older for the
lOyears prior to and the 10 years following
the fluoridation of the public water supply
in Rochester, Minn.

Methods
The data used in this study have been
described previously in detail. 38-19 Briefly,
epidemiologic studies are possible in
Rochester because of the close correspon.dence between the few medical care providers and a well-defined catchment population. Furthermore, each provider
maintains unit medical records that can be
identified and retrieved for review. Mayo
Clinic maintains a master index of all diagnoses and surgical procedures recorded
among its patients, and the Rochester Epidemiology Project supports a similar index for other medical care providers serving the ccunmunity. 20 This system makes
possible the identification and confirnia-
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Poisson regression models were constructed to evaluate the independent effects of age, secular trend, and fluoridation simultaneously. In addition, a model
was constructed to test the interaction between secular trend and fluoridation.

Results

1965

1960

1955

1950

1970

FIGURE 1-Age. and sex-adjusted annual Incidence (per 100 000 person-years) of hip
fracture: Rochester, Minn, 1950 through 1969.

TABLE 1-Resufts at Poisson Regression Anaiyake of Big Raab= hicldence:

Rochester, Minn, 1950 through 1969
Women

Men
Relative
Risk Factor . Risk
Y
50-64

55-59
60-64
85-89
70-74
75-79
80-84
85+

Year°
Fluoridation'

1.00
3.01
3.36
11.16
18.90
38.76
74.13
12818

1.05
0.78

95%
Confidence
Interval

Relative
Risk

Relative
Risk

112

127
2.78
3.98
6.18
12.93
18.37
31.99
1.04

127, 328
121, 4.72
2.36, 6.71
3.71, 10.29
7.94. 21.06
112Z 30.07
19.68, 5222
1.01, 1.07

1.00
2.06
222
4.89
7.74
16.76
25.52
44.85
1.0$

1.66

0.00

0.42, 0.85

0.63

...
0.58, 15.49
0.65, 17.32
2.52, 49.47
4.37. 81.77
9.11, 164.84
17.51 , 313.74
30A1.540.36

0.98,
0.37,

95%
Confider=
Intoner

Total

120c

.

95%
Conftence
frontal

121, 3.50
1.75, 4.87
3.00, 7.97
4.80, 12.49
10.57. 26.93
16.04. 40.59

2625, 70.96
1.01, 1.07
0.46, 0.86

%Jodi* ware ccratruclad wan variables entered sanistansoulay. arid remits ware actuated for aloes"
Isertsrs in the mat
ITIaleillve minims obtained from ma coaliderits and thee respective standard errors.
The 50-64 age group same as the raisrart eategery.
. °Modeled as a oorehmai variable.
1960-1969-0. 1960-1969 ,n 1.

don of all diagnoses of proximal femur
fracture among Rochester residents.
whether made in emergency rooms, hospitals, outpatient clinics, or nursing homes
or at autopsy.
This close correspondence between
the' community and its medical care providers is mirrored in Rochester's water
supply. The city's water is supplied by 23
wells scattered throughout Rochester,
each drawing from a contiguous groundwater source. The city began the fluoridation of its public water supply in April of
1960. Since that time, optimum levels.of

fluoride have been maintained at 1:1
ppm,n providing a nearly ubiquitous exposure among community residents.
For this study, we identified all incident hip fractures occurring from 1950
through 1969 among persons aged 50 years
and older to determine the risk of fracture
for the 10 years before and the .10 years
after the fluoridation of Rochester's water
supply. Year-, age-, and sex-specific incidence rates were calculated as the number
of fractures divided by the person-years at
risk..7= Incidence rates were age and sex
adjusted to the 1990 US White population.

During the 20-year study period,
Rochester residents experienced 751 incident hip fractures, 268 among men and 383
among women. From 1950 through 1959,
the age- and sex-adjusted incidence of hip
fracture was 484 per 100 000 person-years
(95% CI = 370, 597); the rate was 450 per
103 000 person-years (95% CI = 362, 537)
for 1960 through 1969. Among women, the
incidence of hip fracture before 1960 (728
per 100 000 person-years; 95% CI = 628,
828) was higher than afterward (631 per
100 000 person-years; 95% Cl = 559,
703). Among men, however, this incidence rate was slightly lower before 1960
(172 per 100 000 person-years; 95%
Cl =--118, 226) than afterward (219 per
100 000 person-years; 95% CI = 168,
269). Rates by year (Figure 1) show a
strong secular trend that increases over
time. There is, however, an offset in the
secular increases in fracture rates associated with the time of fluoridation. Poisson
regression models (Table 1) demonstrate a
strong effect attributable to fluoride (relative risk = 0.63; 95% CI = 0.46, 0.86), as
well as significant year and age effects.
The interaction between yearly effects and
fluoridation was not significant (data not
shown). After adjusting for the other factors, the relative risk associated with fluoridation was 0.60(95% CI = 0.42, 0.85)
among women and 0.78 (95% CI = 0.37,
1.66) among men.

Discussion

These data demonstrate no increase
in the risk of hip fracture associated with
fluoridation of the public water supply in
Rochester, Minn. This finding contrasts
sharply with several recent ecologic studies that have all suggested a slight increase
in risk of hip fracture associated with water fluoridation. Fluoridation in these studies has been measured in several ways. . including the percentage of the population
served with fluoridated water, ,2 fluoride
concentrations in public water supplies,*
and presence or absence of fluoride exposure. 14- 16 Only two studies have related
fracture incidence temporally with fluori-
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dation. One, involving a design similar to
that of the present surely. could not demonstrate any association between fluoridation and hip fracture,' whereas the
other suggested that the risk of hip fracture may be initially increased and decline
toward unity thereafter" In the latter
study, however, the more recently fluoridated counties were not followed over
time; thus, one cannot distinguish geographic from temporal factors. The pre-

sent study demonstrates no such immediate effect of the fluoridation of the public
water supply, suggesting that the previous
results may have been due to confounding
by some other factor related to geography
rather than time. The apparent negative
association between the onset of fluoridation and hip fracture is difficult to interpret. There are no data available to suggest that fluoride, even at phannacologic
doses, has a beneficial effect at the hip.23.24
Furthermore, the data suggest that the decrease in fracture rates started before the
introduction of fluoride to the Rochester
water supply, raising the possibility that
the decrement in risk may not be due to a
causal association.
There are, nonetheless, some limitations of our data. While case ascertainment
is believed to be complete, 19 the sample
size was small and resulted in wide confidence intervals about the point estimates,.
'especially among men. Second, the data
were derived from a small midwestem city,
-and the results may not be generalizable to
other areas. Hip fracture incidence ratesfrom Rochester are, however, comparable
to those for the United States generally
Third, this analysis is ecological, but, as in
the study by Goggin et a1., 4 one needs to be
concerned only about potential confounders that are temporally associated with fluoridation. Thus, this study provides a
somewhat stronger test of the association
• between fluoridation and hip fracture than
do the ecologic studies comparing diverse
communities. 12-)4.I6 .
In summary, these data suggest that
there is no positive association between
water fluoridation and hip fracture risk.
Given the disparate results - of thisand

other, ecologic studies, it is apparent that
future studies of the association of water
fluoridation and hip fracture will need to
be conducted at the individual level. Such
work is clearly required before public
health policy decisions can be made. 0
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Slow-Release Sodium Fluoride in the Management of
Postmenopausal Osteoporosis
A Randomized Controlled Trial
Charles Y.C. Pak, MD; Khashayar Sakhaee, MD; Veronica Piziak, MD; Roy D. Peterson, RN;
Neil . A. Breslau, MD; Peggy Boyd, AD; John R. Poindexter, BS; Jean Herzog, RN;
Ann Heard-Sakhaee, RN; Sharon Haynes, RN; Beverley Adams-Huet, MS; and Joan S. Reisch, PhD
• Objective: To test whether intermittent treatment
with slow-release sodium fluoride and continuous calcium citrate supplementation inhibits vertebral fractures without causing fluoride complications.
• Design: A placebo-controlled, randomized trial.
• Setting: Outpatient setting of specialty clinics in
Dallas and Temple, Texas.
• Interventions: Slow-release sodium fluoride (25 mg
twice daily) in repeated 14-month cycles (12 months on
treatment followed by 2 months off treatment) compared with placebo. Both groups took calcium citrate
(400 mg calcium twice daily) continuously.
• Patients: 110 patients with postmenopausal osteoporosis were randomly assigned to two groups. In the
slow-release sodium fluoride group, 48 of 54 patients
completed more than 1 cycle of treatment (mean, 2.44
cycles/patient), whereas 51 of 56 patients in the placebo group completed at least 1 cycle (mean, 2.14
cycles/patient) In this interim analysis.
• Measurements: Vertebral fracture rate and lumbar
bone mineral content. Vertebral fractures were quantified from yearly radiographs. Bone mass was deterMined annually by densttometry.
• Results: In the sodium fluoride group, the mean U
to L4 bone mineral content increased by 4% to 6% in
each cycle and the mean femoral neck bone density
increased by 4.1% and 2.1% during the first two cycles,
but the radial bone density did not change. The placebo
group showed no statistical change in bone mass at
any site. Compared wiai the placebo group, the sodium
fluoride group had a lower individual new vertebral
fracture rate (0.057/patient cycle compared with 0.204/
patient cycle, P = 0.017), a higher fracture-free rate
(83.3% compared with 64.7%, P = 0.042), and a lower
group fracture rate (0.085/patient cycle compared with
0239/patient cycle, P = 0.006). The side-effect profile
was similar for the two groups; no patient developed
microfractures, hip fractures, or blood loss anemia.
• Conclusions: intermittent slow-release sodium fluo-

Although fluoride can cause osteoblastic proliferation
(1, 2) and stimulate new bone 'formation (3), its use in
managing osteoporosis has been 'associated with frequent and sometimes serious complications, including
gastric bleeding and microfractures (3). Excessive exposure may lead to fluorosis (4), characterized by a formation of abnormal bone that may be poorly mineralized and mechanically defective. Further, in a placebocontrolled randomized trial (3), continuous treattnent
with plain (nonsustained release) sodium fluoride and
calcium carbonate supplementation did not produce a
statistically significant decrease in the spinal fracture
rate despite a substantial increase in the lumbar vertebral bone mass.
We previously reported (5, 6) a nonrandomized trial
in which intermittent slow-release sodium fluoride with
continuous calcium citrate supplementation stimulated
the formation of normally mineralized bone and decreased the spinal fracture rate withoutsserious . complications. In 1986, we• initiated a randomized trial using
slow-release sodium fluoride plus calcium citrate compared with placebo plus calcium citrate in 99 patients
with postmenopausal osteoporosis. The trial is ongoing,
with an average duration of treatment in the two study
groups of 2.44 and 2.14 cycles (14 mo/cycle) and with
15 patients completing the intended 4 cycles of treatment. Although the study is not expected to be completed until August 1996, this interim analysis was done
in response to a request for an update at the Fourth
International Symposium on Osteoporosis (7). The trial
will be completed in order to determine if the treatment
effect is sustained. We believe that the interim analysis
will not affect the conduct of the remainder of the trial.

n dtra
te, administeredlor
caT—W—
ride plus continuousciL
about 2.5years, inhibits new vertebral fractures, increases the mean spinal bone mass without crecreasing
the radial shaft bone density; and is safe to use.

Recruited into the trial were 110 fully ambulatory white
women with postmenopausal osteoporosis, all of whom were
referred for symptomatic osteoporosis by practicing physicians
-because of an inadequate response to conventional therapy or
the unwillingness of physicians to care for them. No other
ethnic groups were enrolled, probably because of the rarity of
postmenopausal osteoporosis and the nature of the referred
patients in the study areas. The entry criteria were as follows:
'postmenopausal state, radiographic evidence of osteoporosis.
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and one or more vertebral fractures believed to be nontraumatic. Exclusion criteria were as follows: the presence of
conditions causing-bone loss such as hyperparathyroidism, adrenocorticosteroid excess, thyrotoxicosis, chronic . diarrheal
state or malabsorption, renal tubular acidosis, renal impairment (endogenous creatinine clearance less than 0.7 mlJmin
per kg); previous treatment with diphosphonate, calcitonin, or
fluoride; active peptic ulcer disease; and skeletal fractures that
could not be quantified for anatomic or technical reasons.

Those taking pharmacologic doses of vitamin D preparations
were accepted if they had discontinued the drug for at least 6
months. At recruitment, 31 patients were taking estrogen
(treatment initiated after osteoporosis was diagnosed). Thirteen
patients had documented recurrent spinal fractures while receiving estrogen. The total duration of estrogen therapy represented about a third of their postmenopausal state (mean, 8
years). This treatment, usually consisting of conjugated estrogen, 0.625 mg/d given continuously or intermittently (25 d/mo),
and intermittent progesterone rs mg/d for 10 d/mo), was continued during the trial. Patients receiving estrogen had similar
baseline demographic characteristics as patients not receiving
estrogen and were considered at increased risk for further
fractures.

Randomization and Treatment Scheme
Participants were randomly assigned to the two treatment
groups, stratified according to estrogen treatment (untreated or
estrogen-treated). Patients in the treatment group recei ved
slow-relase odiumfluoride(SlowFluoride;Mis onPharmacal Company, San Antonio, Texas), 25 mg twice daily even
orally before breakfast and at bedtime intermittently in repeated cycles of 14 months (12 months receiving treatment,
followed by 2 months off treatment)-and calcium citrate (Citracal, Mission Pharmacal Company) as 400 mg of calcium
twice daily before breakfast and at bedtime. In the placebo
group, medication identical in appearance to Slow Fluoride
that was devoid of sodium fluoride was given on the same time
schedule along with calcium citrate at the same dose and
schedule.

Study Protocol
Patients were evaluated in an outpatient setting before treatment and at 3, 6, 9, 12, and 14 months of each cycle. At each
visit, a careful history was taken for gastrointestinal and musculoskeletal side effects defined as symptoms that newly appeared or increased from baseline without apparent cause and
persisted more than a month during treatment or disappeared
during withdrawal. Where severe lower-extremity pain lasted
more than 2 weeks, the protocol required a bone scan followed
by radiographs for detection of microfracture; however, none
was required. In addition, systematic multichannel analysis of
venous blood, complete peripheral blood count, and 24-hour
urinary calcium were determined at each visit; serum parathyroid hormone, reticuloeyte count, and 24-hour urinsuy
droxyproline were measured before and at 6 and 12 months of
each cycle. Serum fluoride was measured before the morning
dose of slow-release-sodium fluoride at 0, 6, and 12 months of
each cycle. Before treatment and at 12 months of each cycle,
a lateral spinal radiograph was obtained to detect spinal fractures; moreover, bone mineral content of the 1.2 to LA vertebrae, bone density of the distal third of the radius of the
nondominant forearm, and bone density of the femoral neck
were measured.

Quantitation of Spinal Fractures
Lateral, spinal films taken before treatment and at 12 months
of the first cycle were compared in order to determine "new"
and "recurrent" fractures occurring during the first cycle of
treatment. For each vertebra from 13 - to 1.5, landmarks (anterior and posterior corners and midpoints) were recorded using
an electrostatic digitizing board (Scriptel Corporation, Columbus, Ohio) with a coefficient of variation of 1.5%. A computer
Software program developed by one of the authors was used to
compute changes in vertebral heights and area, and to calcu-'

late the magnification error between the two sets of radiographs. After correction for the magnification error, if any, a
decrease in height of more than 20% of anterior, middle, or
posterior height, accompanied by a decrease in area of more
than 10% in a previously unaffected vertebra, was considered
a "new" fracture (8), or if the decrease was in a previously
fractured vertebra, it was considered to be a "recurrent" fracture. Identical criteria were used to identify new and recurrent
fractures occurring during the second cycle (by comparing 26
months with 12 months), during the third cycle (by comparing
40 months with 26 months), and during the fourth cycle (by
comparing 54 months with 40 months).
Moreover, spinal films taken after the last cycle of follow-up
were compared not only with the immediately preceding films
but also with earlier radiographs. The same procedure was
followed for the identification of new and recurrent fractures.
Thus, it was possible to detect fractures occurring during two
or more cycles ("cumulative" fractures) that escaped disclo-

sure by previous cycle-to-cycle analysis.

Bone Mass Measurement
During the course of this study, two instruments were used
to measure the 12 to LA bone mineral content and the femoral
neck bone density. A dual-photon x-ray absorptiometer (1.5
version, Lunar Radiation, Madison, Wisconsin) was used initially. It was replaced by quantitative digital radiography (Hologic, Waltham. Massachusetts) that yielded different absolute
values for bone mass. The following procedures were adopted
to accommodate problems imposed by the measurement of
bone mass by two different densitometers. First, in estimating
the extent of spinal bone loss at baseline, a given patient's L2
to LA bone density obtained by either method was compared
with the mean value • for a normal 30-year-old woman established for the corresponding instrument. Second, in quantifying
changes in the L2 to LA bone mineral content and the femoral
neck bone density produced by treatment, results were expressed as a percentage change for each cycle rather than as
absolute values. When the same densitometer was used at the
beginning and the end of a given cycle, the experimentally
derived values were used to calculate the percentage change in
bone mineral content or bone density. For a given cycle with
the initial bone mass obtained by the Lunar method and the
final bone mass measured by the Hologic technique, a correction factor was applied to 'convert the Lunar-derived value to
the latter value. In patients who initially had bone mass determined by the 1-imal method, (concurrent analysis by the
Hologic instrument was done before converting to the latter
technique for subsequent follow-up measurements. Thus, a
correction factor could be calculated.
The radial shaft bone density was obtained throughout the
study by a single-photon absorptiometer (Noriand, Ft. Atkinson, Wisconsin) (9). For follow-up measurements, actual experimentally derived bone densities were used to calculate the
percentage change in bone density for each cycle. The coefficient of variation for the 12 to IA bone mineral content using
the Lunar or Hologic method was 1%, whereas that for the
femoral neck bone density and the radial shaft bone density
was 1% to 2%.
Biochemical Analysis
The blood screen was done as SMA-20 (Smith-Kline Laboratory, Dallas, Texas). The serum parathyroid hormone level
was analyzed by the whole-molecule, imrnunoradiometric assay (using a kit from Nichols Institute, San Juan Capistrano,
California). The serum fluoride level was measured using an
ion-specific electrode. The urinary calcium level was determined by atomic absorption spectrophotometry, and the hydroxyproline level -was analyzed using the Hypronosticon kit
.(OrganotiTelcnika Corporation, Durham, North Carolina).

Statistical Analysis •
The interim analysis was done because of the previously
mentioned request for an update, the attainment of the initially
estimated patient sample size, and the recommendation by the
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review body of the research grant to evaluate the power and
determine the need for an extension if necessary. Data retrieval and analysis were done by independent examiners without identification of patients by name or knowledge of treatment allocation (10). Even after completion of analysis, the
exact randomization code was not disclosed to patients, to
physicians, or to paramedical personnel involved in their care
because most patients have not completed the trial. No further
interim analysis is planned while the trial is continued.
Demographic variables were compared between the placebo
and slow-release sodium fluoride groups using the Wilcoxon
rank-sum test. Serum fluoride levels and other biochemical
variables were compared with pretreatment levels using the
paired t-test and were compared between groups with twosample t-tests. The fractional change in the bone mineral content or the bone density for each group was compared with
zero using one-sample t-tests and was compared between the
two groups with two-sample t-tests. The Fisher exact test was
used to compare side-effect frequencies (11).
The group vertebral fracture rate for new, recurrent, or all
fractures was computed as the ratio of the total number of
fractures to the total , number of cycles for each group; differences between groups were assessed using exact binomial
probabilities (12). This analysis assumed each vertebra to be
independent regardless of patient identity. Vertebral fractures
were also quantitated by two other methods. The individual
new vertebral fracture rate, defined as the number of new
fractures per cycle of study, was calculated for each patient;
median rates between the two 'groups were compared with the
Wilcoxon rank-sum test (11). The fracture-free rate, defined as
the percentage of patients remaining free of new fractures, was
compared between the two groups with the Fisher exact test
(11).
A logistic regression model was constructed with occurrence

of at least one new fracture during treatment dichotomized for
use as the dependent variable (13). This analysis was done to
assess whether treatment group (as an independent variable)
-was related to the occurrence of new fractures after adjusting
for other prognostic variables. The following covariates were
evaluated in the logistic regression: treatment group, age,
weight, height, body mass index, duration after menopause,
estrogen treatment, number of initial fractures, the L2 to LA
bone density,. and duration of treatment. Adjusted odds ratios
were derived from the logistic regression coefficients.
After considering various approaches (10), the 0.01 level of
significance was selected to adjust for multiplicity of testing.
Exact P values are reported where possible. Before implementing parametric tests, assumptions of normality and homogeneity of variance were tested with the Wilk-Shapiro test and the
Levene test, respectively. Results are expressed as mean -±
SD and median (10th to 90th percentiles) unless otherwise
indicated. Statistical analysis was done using BMDP, Epistat,
and Prophet statistical software.

Results
Baseline Presentation
Among 110 recruited patients, 11 patients (5 from the
placebo group and 6 from the slow-release sodium fluoride group) withdrew from the study before completing
1 year of treatment because of lack of interest or transportation problems in 10 and stroke in 1 (from .the
placebo group). The remaining 99 patients completed at
least 1 year of treatment, allowing measurement of crit-

Table 1. Baseline Characteristics'
Placebo and

Variable
Patients recruited, n
.
Patients completing 1 year of therapy, n
Atte ,r
Duration after menopause, y

Dietary calcium intake, mmolld
Height, an
Weight, kg
Vertebral fractures per patient, a
L2 to LA bone density, % of normal (3 0 y)
Radial shaft bone density, glcm2
Serum calcium, mmollL
Alkaline phosphatase, IUIL
Parathyroid hormone, pgImL
Serum fluoride, AMIL

.

Urinary calcium, mmolld
Urinary hydroxyproline, pmolld
Creatinine clearance, mLlmin

Calcium Citrate

SR-NaF and
Calcium Citrate

56

54

51

48
66.5 te 8.6
(66, 55 to 77)
19a 2: 9.8
(18.5, 5.0 to 35.0)
7.86
20.1
(17.5, 12.5 to 28.1)
158 t- 7
(158, 148 to 166)

68.7 -t. 8.9
(69, 56 to 81)
19.3 -I: 8.0
(19.0, 10.2 to 30.8)
19.1 I 5.70
11.1 to 263)
156 ± 8
(157, 147 to 167)
59.2 ±9.0
(59, 48 to 71)
. 2.9 I: 2.6
(2, 1 to 7)
70.0 -2.- 16.8
(67, 53 to 89)
0.529 :.t. 0.101
(0.513, 0.408 to
0.702)
234 I 0.11
2.20 to 2.48)
92 1: 32
187, 52 to 148)
44.3 = 19.2
(41, 26 to 62)
.
2.11 1: 039
(2.11, 1.58 to 2.63)
3.54 -1- 1.78
(3.70, 1.15 to 5.80)
•
119 = 62
(95, 54 to 213)
72 -± 19
(71, 51 to 102)

61.7 ± 12.9
(61, 47 to 77)
2.8 e: 2.1
(2,1 to 6)
67.7 t-. 14.9
(67, 54 to 85)
0.527 2-- 0.103
(0.525, 0.391 to
0.654)
2.34 Lt. 0.12
- (235, 2.18 to 2.48)
97
29
(89, 67 to 142)
43.0' = 14.3
(40, 21 to 73)
2.37 t 0.81
(2.26, 1.42 to 3.58)
3.94 ±2.28
(3.30, 1.58 to 7.93)
139 -..e: 89
(107, 63 to 225)
75 -1- 20
(72, 48 to 101)

P Value

0.173
>0/
>0.2
>0.2
>0.2
>0.2
>0.2
>0.2
>0.2
>0.2
>0.2
0.197
>0.2
>0.2
>0.2

• Values are presented as mean r. SD. Median and range (10th to 90th percentile) are also shown in parentheses. SR-NaF = slow-release sodium
fluoride.
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ical data (for example. bone density and spinal radiographs). There were 51 patients in the placebo group
and 48 in the slow-release sodium fluoride group (Table
1). Sixteen patients in the placebo group and 13in the
slow-release sodium fluoride group were taking estrogen. The remaining 70 patients (35 in each group) did
not take estrogen. The median duration of treatment
was 2 cycles/patient (mean, 2.14 0.98 cycles/patient)
in the placebo group and 2 cycles/patient (mean, 2.44 -10.99 cycles/patient) in the slow-release sodium fluoride
group (P = 0.13).
Among 99 patients who completed at least 1 year of

study, the two groups were similar in their demographic
characteristics and baseline biochemical presentation
gable 1). Patients in both groups had moderate-to-severe spinal osteoporosis because the mean L2 to IA
bone density was approximately 30% below that of a
normal 30-year-old woman and the median value for
spinal fractures at baseline was 2 (with the mean value
nearly 3). The absolute values for radial shaft bone
density were similar in the two groups and were approximately 70% of that of a normal 30-year-old woman
(9). In results presented below, data from 99 patients
completing at least 1 cycle of treatment were used.
Changes in Serum Fluoride Levels
In the placebo group, the mean fasting serum fluoride
concentration was normal at 2.11 ± 0.39 p.M/L (less
than 5 1.1.M/L , which is probably the therapeutic threshold [14)) at the start of the study (Figure 1). It remained
below that level throughout treatment. In the slow-release sodium fluoride group, the mean serum fluoride
concentration at 6 and 12 months of each cycle (when
slow-release sodium fluoride was given) was substantially greater than the corresponding value of the placebo group (P < 0.001), ranging 5 to 10 p.WL, and was
higher than the value at baseline (P 0.006). At 6 and
12 months of all cycles, 58% of individual fluoride
values were within 5 to 10 AMIL in the .slow-release
sodium fluoride group compared with 1% in the placebo
group. However, before treatment (0 month) and at 14
Placebo

ng/ml.
200 -

SR-NaF

isM/L

10

months of each cycle (after 2 months of withdrawal
from slow-release sodium fluoride), the mean scrum
fluoride concentration in the slow-release sodium fluoride group was below 5 A M/L and was not statistically
different from that of the placebo group.

Change in Bone Mass
In the placebo group, the L2 to L4 bone mineral
content did not change statistically during the first cycle, second cycle, or the combined third and fourth
cycles (Figure 2). Data for cycles 3 and 4 were combined because observations were limited for adequate
statistical analyses. However, it increased substantially
by 4% to 6% per cycle in the slow-release sodium
fluoride group (P < 0.001). The changes in .the slowrelease sodium fluoride group were substantially greater
than in the placebo group at each of the corresponding
time periods (P < 0.001).
In the placebo group, the mean values for femoral
neck bone density increased during all cycles; however,
changes compared with baseline were not statistically
different (P = 0.17 to 0.40). In the slow-release sodium
fluoride group, the femoral neck bone density increased
by 4.1% and 2.1% during the first and second cycles,
respectively (P = 0.001 and 0.02) (Figure 2). At each
cycle, no statistical difference was noted in femoral
neck bone density between the two groups. The .radial
shaft bone density did not change statistically in any
cycle in either group, nor was it statistically different
between the two groups at corresponding points in the
cycles.

Vertebral Fractures
'In the placebo group, 26 new spinal' fractures occurred during an average of.2.14 cycles/patient, whereas
only 10 new fractures were found during 2.44 cycles/
patient in the slow-release so-dium fluoride group (Figure 3). For all cycles 'combined, the group vertebral
fracture rate for new fractures in the slow-release sodium fluoride group was substantially less than that of
the placebo group (0.085/patient cycle compared with
0.239/patient cycle, P = 0.006) (Table 2). For all vertebral fractures (new and recurrent), the new spinal frac-..
ture rate of the slow-release sodium fluoride group was
also substantially less than that of the placebo group

(0.137/patient cycle compared with 0.284/patient cycle,
0.02). However, the group vertebral fracture rates
for recurrent fractures were not statistically different
between the two groups (0.051/patient cycle compared
with 0.046/patient cycle, P> 0.2).
The individual vertebral fracture rate was substantially greater in the placebo group than in the slow-.
release sodium fluoride group (0.204/patient cycle compared with 0.057/patient cycle, P = 0.02) (Table 2). The
fracture-free rate was higher'iii the slow-release sodium
fluoride grdup than in the placebo group (83.3% cornpared with 64.7%, P. = 0.04).
For the logistic regression model, the patients were
divided into two groups on the basis of occurrence of a
new fracture. After adjusting for possible confounding
variables (for example, number of initial fractures, du-

P=

E.

t
Months
Cycles

50
0

0

6

12
1

6 12
2

6

12
'3

•0
6 12
4

Figure 1. Effect of treatment on the mean fasting serum fluoride
level. Dashed horizontal fines indicate the "therapeutic window" (14). Vertical dashed lines indicate the period of fluoride
withdrawal. In each cycle (of 14 months), slou . release sodium
fluoride or placebo was given during the first 12 months. 'I' =
0.006: t P < 0.001. Values are presented. as mean
SE.
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means of 5.60 A WL in the nonestrogen group compared
with 5.21 aM/L in the estrogen group, P > 0.2), increment in the L2 to L4 bone mineral content (average of
individual means of 4.8% per cycle in the nonestrogen
group compared with 6.3% per cycle in the estrogen
group, P > 0.2), or individual vertebral fracture rate
during treatment (0.052/patient cycle in the nonestrogen
group compared with 0.071/patient cycle in the estrogen
group, P> 0.2) (Table 2).
Table 2 lists fracture data for the whole group or 99
patients, for the 70 non-estrogen-treated patients, and
for the 29 estrogen-treated patients. In the non-estrogen-treated patients and in the whole group, the group
receiving slow-release sodium fluoride showed a lower
individual vertebral fracture rate and group vertebral
fracture rate (for new spinal fractures) and a higher
fracture-free rate than the placebo group. No statistical
differences related to *estrogen treatment were noted
between the slow-release sodium fluoride and placebo
groups in estrogen-treated patients, possibly because of
the small sample size.
Withdrawal and Safety

+4

ti +3
+2
+1
0
-1
-2
1

2

38'4

Cycles of Treatment
Figure 2. Effect of treatment on the 1.2 to IA bone mineral
content and on the bone density of the femoral neck and the
radial shaft. For each cycle, the percentage change of the
value from the immediately preceding cycle or baseline was
calculated. Thus, a cycle-to-cycle change, rather. than a cumulative change, is depicted. The symbol above the bars indicates
a significant change from zero, whereas the symbol above the
bracket shows a significant change between the placebo and
slow-release sodium fluoride (SR-NaF) groups. • P 0.019:
t P < 0.001. BD = bone density; BMC = bone mineral con-

tent.

ration of treatment,. weight, and height) using logistic
regression, the positive influence of treatment on the
.occurrence of new' fractures persisted. The adjusted
odds ratio for the group (slow-release sodium fluoride
compared with placebo for presence or absence of new
vertebral fractures) was 0.220 (95% Cl, 0.058 to 0.827)
after adjustment for , all covariates examined compared
with 0.221 (0.072 to 0.676) after adjustment for group
and duration alone.
Estrogen treatment was not an independent predictor
of new vertebral fractures (P > 0.2 from .multivariate
logistic regression analysis). In the slow-release sodium
fluoride group, 35 non-estrogen-treated patients had a
comparable baseline -fracture number (L2 to L4 bone
density and vertebral fractures) as the 13 estrogen.
treated patients. Moreover, non-estrogen-treated patients did not differ statistically from estrogen-treated
patients with respect to serum fluoride levels (at 6 and
12 months of treatment cycles, average of individual

Among 99 patients completing at least I cycle. 8
patients in the placebo group and 7 in the slow-release
sodium fluoride group withdrew from the study before
completing 4 cycles of the trial: Reasons for withdrawal
were transportation problems in 5 (2 patients receiving
placebo and 3 receiving slow-release sodium fluoride),
lack of interest in 5 (3 receiving placebo and 2 receiving
slow-release sodium fluoride), death because of unrelated causes in 3 (2 receiving placebo and I receiving
slow-release sodium fluoride), and side effects in 2 (1
from each group).
Side effects were assessed in all 110 recruited patients. Even though the duration of follow-up was
shorter in the 11 patients who withdrew from the study
before completing 1. cycle than in the remaining 99
patients, the mean treatment duration among early withdrawals was .6 mo/patient for both the slow-release sodium fluoride and placebo groups. Minor gastrointestinal side effects (dyspepsia, anorexia, nausea, or
vomiting) were encountered in 2 patients (3.6%) in the
placebo group and 3 patients (5.6%). in the slow-release
sodium fluoride group. No , one in either group had gastrointestinal bleeding, microfractures, or hip fractures.
One patient (1.9%) taking slow-release sodium fluoride
had joint pain and swelling of undetermined cause. - Two
patients (3.6%) in the placebo group had rionaxial frac. tures (proximal humerus and metatarsal bone) and 2
(3.7%) taking slow-release sodium fluoride developed
fractures of the fibula, the metatarsal bone, and the
pelvis, all from falling down. One patient (1.8%) receiv-•
ing placebo withdrew from the study because of side
effects (nausea and vomiting) and 1 (1.9%) taking'slowrelease sodium fluoride withdrew because of pelvic fracture.. The overall side-effect frequencies between the
two groups were not stati .tically different (P> 0.2).
Other Tests
Levels of scrum calcium, phosphorus, alkaline phosphatase, parathyroid hormone, creatininv clearance: pe-
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Figure 3. Appearance of new vertebral fractures during placebo administration or slow-release sodium fluoride treatment. Each line
represents a separate patient. The exact location of the circle on the line does not necessarily indicate the actual time of fracture
occurrence; rather, it reflects the time of skeletal radiologic examination. • = a separate new vertebral fracture; 0 = a
"cumulative" fracture occurring during two or more cycles, escaping detection on a cycle-to-cycle analysis; numbers designated
by E before the line indicate estrogen-treated patients.

ripheral blood hemoglobin, as well as the hematocrit
and reticulocyte count remained within normal limits
during treatment and did not differ between the two
groups. Stool culture results for occult blood were positive in six patients (three placebo and three slow-release sodium fluoride), four of whom had a history of
hemorrhoids. The mean values for urinary calcium were
slightly higher (by 0.5 to 1.5 mmol/d) and those for
urinary hydroxyproline were lower (by 30 to 60 ianol/d)
during treatment compared with baseline in both
groups. However, the changes were significant only
during some periods, and values were not generally
statistically different between the two groups.
Discussion
Interim results from this randomized trial provide evidence that intermittent treatment With slow-release sodium fluoride with continuous calcium citrate supplementation compared with calcium citrate alone is
effective in preventing spinal fractures. The inhibition of
new spinal fractures by slow-release sodium fluoride
was shown by a decreased individual spinal fracture
rate (mean of individual rates) and group spinal-fracture
rate (total number of fractures per group) as well as by
a higher fracture-free rate. Although slow-release so630

dium fluoride decreased the new spinal fracture rate, it
did. not affect the recurrent spinal fracture rate. The
results suggest that once trabecular continuity is disrupted by fractures, slow-release sodium fluoride treatment does not prevent further fractures.
As in nonrandomized trials (5, '6), the slow-release
sodium fluoride therapy was safe, and the side-effect
profile was comparable with placebo. No one developed
gastrointestinal bleeding, microfractures, or hematologic
abnormalities. This may have been because scrum fluoride levels were kept well below 10 'AWL, the proposed toxic threshold (5, 14).
Moreover, no one taking slow-release sodium fluoride
developed hip fractures, and the appendicular fracture
rate of the slow-release sodium fluoride group was similar to that of the placebo group. The density of the
radial shaft, composed largely of cortical bone, remained stable. Thus, treatment with slow-release sodium fluoride plus calcium citrate may not .be deleterious to cortical bone as suggested by other, clinical trials
(3). This conclusion is supported by a previous histomorphometric and ultrasound analysis of biopsied cortical bone (15, 16).
Our results with slow-release sodium fluoride clearly
differ from those seen in a recent study of plain sodium
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treatment is confirmed, we should see an even greater
favorable clinical response as more patients complete 4
cycles.
Second, we found no modification in the response to
slow - release sodium fluoride and calcium citrate by

fluoride (3). In the latter study, skeletal fluoride uptake
was probably considerably higher because of continuous administration of a more bioavailable.fluoride preparation at a higher dosage (17). Thus, the increase in
lumbar bone mass was much more marked (8.5% per
year rather than 4% to 6% per year found in this study)
(3). However, the radial shaft bone density decreased,
suggesting that the rapid growth of trabecular bone was
achieved at the expense of cortical bone, unlike in this
study. Moreover, the amount of calcium absorbed from
the intestinal tract may have been insufficient to adequately mineralize newly formed bone matrix, possibly
because of the rapidity of matrix synthesis and provision of calcium as less bioavailable calcium carbonate
(18, 19). Thus, newly jormed bone during treatment
with plain sodium fluoride may have been poorly mineralized (20) and mechanically defective (3). This could
account for the reported ineffectiveness of sodium fluoride on the spinal fracture rate and for the increased
appendicular fracture rate and the frequent complications seen with plain sodium fluoride (3). Thus, the
clinical response to fluoride seems to depend on the
formulation, the dose, and the mode of delivery of
fluoride (7). It may also be influenced by the type of
calcium supplementation.
Our study had some limitations. First, not all patients
completed the intended 4 cycles of the trial. However,
the relative risk • for spinal fractures remained low during
all 4 cycles in the slow-release sodium fluoride group
compared with the placebo group. Moreover, a continued increase was noted in the vertebral bone mass in
later cycles of slow-release sodium fluoride treatment.
If the finding of Gallagher (21), in a nonrandomized
trial, that a decrease in the spinal fracture rate is particularly marked during the third and fourth year of

those patients taking estrogen. However, many patients
were referred to us after developing fractures while they
were taking estrogen or had only taken it short-term;
they may not be representative of estrogen-treated patients overall. Moreover, the efficient bioavailability of
calcium citrate administered along with slow-release sodium fluoride could have diminished the antiresorptive
action of estrogen.
Interim results from this randomized trial validate
findings from a nonrandomized trial (6) and from the
laboratory (6, 15, 16), suggesting that slow-release sodium fluoride is clinically . useful in the management of
established postmenopausal osteoporosis.
Slow Fluoride is an investigational drug studied under the Food and
Drug Administration's investigational new drug application number
20 612. The University of Texas Southwestern Medical Center. the
sponsor of the investigational new drug application, holds all rights to
this drug. The Mission Pharrnacal Company, the manufacturer of Slow
Fluoride, has provided the drug free of charge for this trial but has not
offered other research support. Dr. Pak is the principal investigator of
the investigational new drug application. None of the investigators has
equity in the Mission Phatmacal Company, receives direct compensation, or serves on the Board of the company.
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Table 2. Vertebral Fracture Data*

Variable

Patients, n

Non-Estrogen-treated Group
Whole Group
Estrogen-treated Group
P
Placebo and SR-NaF and
Placebo and SR-NaF and
P
P
Placebo and SR-NaF and
Value
Value
Value
Calcium
Calcium
Calcium
Calcium
Calcium
Calcium
Citrate
Citrate
Citrate
Citrate
Citrate
Citrate
35

51

48

2.14 ±- 0.98
(2, 1 to 4)

2.44 ± 0.99
(2, 1 to 4)

35

Duration, n cycles

16

13

2.06 It 0.85
(2, I to 3.3)

(2, 1.4 to 3.6)

(median, 10th to

90th percentile)

0.13

2.17 1.04
(2, 1 to 4)

2.43 ± 1.07 >0.2
(2, 1 tO 4)

IVFR, nlpatient
cycle (median,
10th to 90th
percentile)

0.204 1- 0.335 0.057 0.136 0.02
(0, 0 to 0.90) (0, 0 to 0.33)

0.217 0.332 0.052 a- 0.137 0.01
(0. 0 to 0.70) (0, 0 to 0.29)

2.46 :t 0.78

0.177 a- 0.088 0.071 a- 0.038
(0, 0 to I)
(0,0 to 0.33)

>0.2

>0.2

Fracture-free rate,
64.7
GVFR, nIpatient
cycle (RR, 95%
CI) New
. Recurrent
All

83.3

0.239
0.085
' (0.36, 0.15 to 0.77)
0.046
. 0.051
(1.12, 0.28 to 4.63) .
0.284
0.137
(0.48, 0.25 to 0.91)

0.04

0.006

60.0

85.7

0.02

0.276

0.082

0.005

• (0.30, 0.11 to 0.73)
>0.2
.
0.02

.

.0.039
0.035
(0.89, 0.12 to 6.68)
0.316
0.118
40.37, 0.16 to 0.81)

>0.2
0.01

• 75.0

76.9

0.094
(0.62, 0.10 to 3.18)
0.094
0.061
(1.55, 0.18 to 18.5)
0.212
•
6.188
(0.88, 0.25 to 3.07)

0.i52

>0.2

>0.2
>0.2
>0.2

•. Values are presented as mean SD. OVFR = group vertebral fracture rate, which was computed as the total number of new fractures per total
number of cycles for each group: IVFR = individual new vertebral fracture rate, which repres‘ins the number of new fractures per cycle in each
patient: RR = relative risk: SR-NaF
slow-release sodium fluoride.
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Fluoride Offers Hope for Treating Osteoporosis
Treatment with fluoride and calcium supplements prevents new spinal fractures and helps
rebuild spinal bones in patients with osteoporosis, according to interim results from an ongoing
clinical trial at The University of Texas Southwestern Medical Center at Dallas. The results
offer hope for a new means to slow or possibly reverse this common disorder.
"Our findings show that this approach can greatly reduce new fractures, and they support the
hypothesis we've had since the very beginning of this work," said Charles Y.C. Pak, M.D.,
distinguished chair for mineral metabolism and principal investigator for the university's Clinical
Research Center. "That is, given in proper amounts with adequate calcium, fluoride is a means
to form normal bone." Interim results of the trial, supported by the National Institute of
Arthritis and Musculoskeletal and Skin Diseases (NIAMS) and the National Center for Research
Resources (NCRR), appear in the April 15 issue of Annals of Internal Medicine.*
"Current therapies for osteoporosis put a brake on the bone loss but don't make it stop, so they
really work best as preventives. These preliminary findings show that fluoride safely rebuilds
•

already weakened, fragile bones," said . Judith L. Vaitukaitis, M.D., director of NCRR, which

. funds the university's Clinical Research Center. . "If this therapeutic effect is sustained, fluoride
will yield the first effective means to reduce the risk of fractures once osteoporosis sets in."

(more)

--Fluoride/Pak (cont.)-"There are currently very limited treatment options for women or men with established
osteoporosis. If the bone-forming capacity of fluoride can be harnessed to build healthy new
bone, it will provide an important alternative therapy," said Joan McGowan, Ph.D., chief of the
NIAMS Bone Biology and Bone Diseases Branch.

About 25 million Americais have osteoporosis, in which progressive bone loss and decay cause
frequent fractures with associated disability and death. Physicians typically aim to prevent or
control osteoporosis using estrogen replacement therapy, calcium supplements, and the drug
calcitonin, all of which slow bone loss. Fluoride, in contrast, stimulates the body to produce
new bone.

In their article, Dr. Pak and his colleagues** report interim results from treatment of 99
postmenopausal women with osteoporosis, randomly divided into two groups. The first group
48 women treated an average of 34 months — received a two-part regimen with daily calcium
citrate supplements and cyclic (12 months of taking the drug followed by two months off)
treatment with slow-release sodium fluoride. The second, placebo group — 51 women followed
for an average of about 30 months — received calcium citrate and placebo pills on the same
schedule.

During this period, patients in the placebo group developed more than twice as many new spinal
fractures (26 new fractures) as patients taking the fluoride/calcium combination (10 new
fractures). In addition, scientists found that bone mineral content, measured in the spinal bones,
rose by 4 to 6 percent among patients in the active treatment group after each fluoride cycle but
did not change in the placebo group.

Earlier studies have shown that high fluoride intake can lead to defective bone and cause such
side effects as severe diarrhea, gastrointestinal bleeding, stress fractures, and increased nonspinal fractures. However, investigators in the current trial have not seen any significant side

(more)

--Fluoride/Pak (corn.)--

effects among treated patients. Moreover, they believe that the new bone was well formed, as
indicated by the decrease in new spinal fractures.
Dr. Pak suggests that these results are due to better calcium dosing and use of slow-release
sodium fluoride, which avoids high peaks in blood fluoride levels and passes through the
stomach before breaking down. The fluoride preparation used in the trial is an experimental
drug manufactured by Mission Phannacal Company and is not available on the market.
Scientists will continue the study for about 2 more years to determine if benefits from the new
treatment are sustained. They also plan a second study in women who have bone thinning but
do not have fractures in order to assess the treatment's potential for fracture prevention in early
osteoporosis.
NCRR, part of the National Institutes of Health (NIH) located in Bethesda, Maryland, funds a
network of 75 Clinical Research Centers at leading academic medical centers across the country.
On April 15, 1994, researchers will celebrate the twentieth anniversary of the NCRR-supported
Clinical Research Center at the University of Texas Southwestern Medical Center at Dallas and
its history of cutting-edge clinical research.
NIAMS, which is also a component of NIH, leads and coordinates Federal research on
osteoporosis and other bone disorders by supporting research projects, research training, clinical
trials, and epidemiological studies, and by disseminating information on research results.
###

* Charles Y.C. Pak et al. Slow-Release Sodium Fluoride in the Management of
Postmenopausal Osteoporosis.- Annals of Internal Medicine, April 15, 1994.
**Researchers participating in this study included: Charles Y.C. Pak, Khashayar Sakhaee,
Veronica Piziak, Roy D. Peterson, Neil A. Breslau, Peggy Boyd, John R. Poindexter, Jean
Herzog, Ann Heard-Salchaee, Sharon Haynes, Beverly Adams-Huet, and Joan S. Reisch.
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Clinical Trial of Fluoride Therapy in Postmenopausal
Osteoporotic Women: Extended Observations
and Additional Analysis
B.L. RIGGS,' W.M. OTALLON. : .A. LANE.' S.F. HODGSON, 1 . 1-1.W. WANNER.'
J. MUHS,' E. CHAO. and L.J. MELTON, III'

ABSTRACT
In a 4 year dinical trial in 202 postmenopausal osteoporotk women receiving NaF at 75 mg/day or placebo
(both groups received supplementary calcium at 1500 mg/day), we found (N Eng1.1 Med 322:801, 1990) that
NaF increased bone mineral density in the lumbar spine (LS-BMD) substantially butdid not decrease vertebral fracture rate (VFR), and it increased the nonvertebral fracture rate. Additional analyses and extend edJ
observationsreowavilbeon50wmenfromtheNaFgroupflwedforupt6yearsofteamnt.I7these women, LS-BMD increased linearly over the 6 years (median rate. 8.7g/o/year or 0.063 g/cm2/year).
Becausing e 4 year trial the NaF dosage was decreased (because of side effects) in 54 of the tat,
women random-1-- ----lse
toS-T--d--=--------1—
a o esponse re ationships couldleimainated. For the entire study population.
serum F l evel correlated directly withlncrease in LS-BMD (r = 0.61, P < 0.001). When individual personyears of observation were grouped by deciles of LS-BMD, VFR (per 100'person7years) decreased to a nadir
of 24 as mean LS-BMD for the group increased from 0.6 to 1.2 g/cm 2 and then doubled to 52 in the group
with mean IS-BMD of 1.6 g/cm 2 . Multivariate analyses and inspection of three-dimensional plots revealed X complex pattern in which VFR was influenced by interaction of several variables. When the effects of LSBMD, changes in LS-BMD, and serum F were assessed simultaneously, VFR was seen_to SkatitSt withjnng L.S-. IIMD except when the higher LS-BMD was associated with rapid rate of increase in
i•I
asg
i i e increase rem ase ne
nonresponders), serum F or
BMD failed to increase. Thus, ills possible that lower dosages of NaF reduce moderate decreases in Vflt.

INTRODUCTION
IN CONTRAST TO DRUGS for

the treatment of osteoporosis
lthat act by inhibiting bone resorption, NaF stimulates
bone formation and is capable of increasing canceilous
bone mass substantially.'" Because of this property. NaF
is widely Used for the treatment of this common disease.
However, F alters the crystal structure of bone an6, at
higher doses, may impair bone mineralization." Most"
but not all' s." studies in animals have shown that F de.
•

creases the elasticity and strength of bone. Therefore, to
establish the eflicacy of NaF treatment in patients with
.osteoporosis, it must be demonstrated that NaF treatment
not only increases bone mineral density (BMD) but also
decreases the risk of fracture.
Few studies of the effect of NaF treatment on fracture
rate have been controlled. In these. the results have been
variable, ranging from large increases to moderate decreases."''" There have been only two prospective, randomized, clinkal trials whose design allowed the effect of

'Endocrine Research Unit. Division of. Endocrinology. Metabolism, and Internal Medicine. Mayo Clinic and Mayo Foundation.
Rochester, Minnesota.
'Section of Biostatistics,.Mayo Clinic and Mayo Foundation. Rochester. Minnesota.
•
•'Section of Diagnostic Nuclear Medicine, Mayo Clinic and Mayo Foundation, Rochester. Minnesota.
'Biomechanics Laboratory, Department of Orthopedics. Mayo Clinic and Mayo Foundation, Rochester. Minnesota..
'Section of Clinical Epidemiology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota.
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TABLE 1. TREATMENT DOSE BY TREATMENT GROUP AND TIME ON STUDY'
Distribution of mean doily Na? doses as is

her anti percentage fil s.. ,,,,,, .t n •

Time in study romn..10 group <40 mg/day 40- 5 4 mg /day 55-59 Inghloy 60-64 rug/day 65-69 nighlay 70- 74 mg r

Up to 4 years Placebo
Fluoride
Extension
Up to 6 years Extension

1 (1.0)

6(6.5)
4(9.0)
4 (8.0)

7(7.2)
7 (7.3)
2(4.0)
7 (14.0)

. 4(4.1)
10 (10.9)
7(14.0)
4 (8.0)

8(8.2)
8 (8.7)
3(6.0)
7(14.0)

11 (11.3)
13 (14.1)
7(14.0)
9 (18.0)

. 'Dose is as calculated front pill counts (see text). Time Includes all data on everyone who returned pills at least once.

43 (44.3)
23 (25.0)
12 (24.0)
10 (20.0)

)

Ito day

.._..._.

21 (2).7)
25 (27.2)
15 (10.0)
9 (18.0)

total

97
92
50
50
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3.4%/year (0.019 g/cm s/year) at the trochanter in the NaF
group over 4 years. Because measurements were obtained
only at 2 year intervals, the data are insufficient to permit
assessment of linearity.
In the NaF treatment group, BMD in the radius decreased at the rate of -1.9%/year (-0.014 g/cma/year)
during the initial 4 years of the study (Fig. 2). During the
same period, the loss for the 50 women who participated in
the extension was similar (-2.2%/year: -0.016
;/cm/year). However, during the extension timed. the
rite of loss in BMD of the radius was onl y - .2Thiyear
-0.010 g/cm/year) in the 38 women with measurements
it both 4 and 6 years. Among the 176 women who had
measurements over more than 6 months, rates of change in
radius BMD correlated negatively with rates of change in
LS-BMD in the NaF group (r = -0.47, P < 0.001) but
not in the placebo group (r = -0.09, P = 0.42).
Skeletal responsiveness to NaF therapy
Mean changes in serum F level from baseline accounted
for 40% of the variance in rates of change in LS-BMD (r
= .0.63, P < 0.001), and cumulative F exposure and LSBMD at baseline together accounted for 80wAi of the variance in LS-BMD measurements during the entire study (P
<0001). 01 90 women in the NaF group with serum F
and LS-BMD measurements after baseline 34(38%) had
rates of change in LS-BMD that did not exceed the 9511
percentile for the placebo group (5.8%/year). Of these 34,
6 had mean increases in serum F of less than '3 AM during
treatment and were judged noncompliant. Thus, there
were 28(31%) women whose failure to respond to NaF
'therapy could not be explained by failure to achieve adequate serum F levels.

vertebral fractures included 13 hip fractures in the NaF
group (4.21100 person-years) and 4 hip fractures in the
placebo group (1.2/100 person-years) during the initial 4
years of treatment. For the 50 patients undergoing the extension, there were 2 additional hip fractures (2.2/100 person-years).
There was no significant relationship between VFR and
NaF dosage as assessed by pill count. However, in the NaF
group VFR increased by 11% for each 1 AM increase in
serum F over baseline (P = 0.005), whereas in the placebo
zroup there was no such relationship (Fig. 3). In both
g roups, VFR decreased significantly with increasing LSBMD (P < 0.001), but split point analysis indicated nonlinearity in this relationship (Fig. 4). Over the range 0.61.1 g/cm'. VFR decreased as LS-BMD increased, and
smoothed curves reprisenting the relationship in the NaF
and in the placebo groups were virtually superimposable
(Fig. 4). However, in the NaF group increases in LS-BMD
beyond the nadir at 1.2 gicm 3 were associated with increases in 'VFR, so that person-years in the highest decile
of LS-BMD (mean (.55 Vona) had a 'VFR more than

Fracture rates
There was no significant difference in VFR between the
NaF and placebo groups over the 4 years of treatment
(Table 2). In the 2 year extension, among the women who
had usable radiographs the VFR decreased somewhat.
Nonvertebral fractures also decreased during the 2 year extension, but the rate remained higher than that in the placebo group during the initial 4 years (Table 3). The non-

2

3
Year of Tye:emelt

FIG. 2. Mean ± SEM of radius shaft BMC as percentage of baseline in the entire NIF group (solid line and
solid circles) and the placebo group (broken line and triangles) during the 4 year trial and in the 50 women in the extension (broken line and circles) over 6 years.

TABLE. 2: VERTEBRAL FRACTURE RATE (NO. PER 100 PERSON-YEARS OF OBSERVATION) IN
THE NAF AND PLACEBO GROUPS

Treatment period
(years)
0-2
2-4
0-4
.4-6
0-6
'Confidence interval.

SwF group

Placebo group

Women

Rate

95% Cla

Women

86
68
86
46
86

46
49

(32. 67)
(33, 71)
(36, 63)
(21,51)
(34, 59)

86
70
86

47

32
45

Rate
44
62
. 52

95% CI
(33, 59)
(47,83)
(41, 67)
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VFR (no. per 100 person-years and 95% confidence intervals) for person-intervals grouped in in deciles
of LS-BMD in the NaF group (circles and solid line) and
placebo group (triangles and broken line).

12

FIG. 4.

•

10

a

LS-BUD.

20

gnvern2

FIG. 5: VFR (no. per 100 person-years and 95% confidence intervals) for women grouped in deciles of rate of
change in LS-BMD for NaF (circles and solid line) and placebo (triangles and broken line) groups.

dieted with reasonable accuracy from patient dosage.
Also, because in 54 of the 101 patients initially randomized
to the NaF group the-NaF dosage had been decreased because of side effects during the 45 year trial, dose-response
relationships could be evaluated.
.
The linear increase in LS-BMD, a site at which the bone
is predominantly cancellous, found during the first 4 years
- of treatment continued oduring the additional 2 years of observation. This contrasts with results obtained with lowdose treatment with parathyroid hormone (PTH)-(1-34),
the other major formation-stimulating program being evaluated in clinical trials. Two studies 11 ' 20' have found that
the rate of gain in LS-BMD during PTH-(1-34) treatment
diminished by 12 monthi, and in one of them. 1" 1 LS-BMD
subsequently decreased. Thus, at present, NaF is the only

LS-BLID.

Ill

wan

FIG. 6. Three-dimensional surface plot showing VFR
(no. per 100 person-years) as a function of LS-BMD and
the increase in seivm F level. Person-intervals were
grouped in quintiles of increase in serum F level within
'quintiles of LS-BMD.

therapeutic regimen demonstrated to result in increases in
autcellous bone that continue for more than 1 or 2 years.
lithe rate of increase in LS-BMD of slightly less than 10%
per year that we observed over 6 years were to continue for
even a few more years, it should be possible to restore
bone mass of the vertebral body to normal or even above
normal.* Indeed, such values have been observed in patients with endemic fluorosis."
-•
Although the rate of increase in LS-BMD during the 2
years of the extension wits similar to that during the first 4
years, the decrease in BMO of the cortical bone of the radius waned during years Sand 6. The reason for this is unclear. The finding of an increase correlation between the
increase in LS-BMD and decrease in radius BMD is consistent with the concept that, despite supplementation, there
may not have been enough calcium absorbed to allow the
newly synthesized matrix of cancellous bone to mineralize.
resulting in removal of mineral from cortical bone. If so.
the addition of vitamin D or an active vitamin D analog to
the therapeutic regimen may prevent or 'decrease the incidence of this undesirable effect.
It has been recognized for over a decade that bone formation and bone mass fail to increase during NaF therapy
in some natients.'" However; the incidence of this nonresponse has not been well documented, and the relationship
of it to noncompliance has been unclear. When noncompliance was assessed by serial measurement of changes in
serum F level, almost one-third of the patients seemed to
have complied without unequivocal increases in 'LS-BMD.
We were unable to identify any baseline characteristics that
could predict this failure to respond, and the responsible
mechanism is unclear at present. Possibly, nonresponse is
a hallmark of an intrinsic defect of osteoblasts or in the
paracrine regulation of osteoblast function that plays 'a
211,..set 0.f osteoporotic women.
role in pathogenesis in .
•
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TABLE 4.

Pousom Monists FOR VFlia

Model including rate of change in LS-BMD.
Overall fit, residual deviance per degree of
freedom, 1.19, P < 0.001
Mean
z 3 baseline fractures
Prior ERT
<0.625 mg/day
0.625 mg/day
Baseline serum F
NaF group

•

LS-BMD
Rate of BMD change, co year
LS-BMD•BMD change
Model including change in serum F. Overall
fit, residual deviance per degree of freedom, 1.19, P < 0.001
Mean
z 3 baseline fractures
Prior ERT
<0.625 mg/day
Z0.625 mg/day
Baseline serum F
NaF group
LS-BMD
Change from baseline serum F
Serum F change in NaF group
LS-BMD•serum F change

Difference in VFR
(%)

SEM for a

Variable

3.92
0.60

0.34
0.13

<0.001

-0.05
-0.85

0.13
0.32
0.08
0.13
0.36
0.02
0.02

0.71
0.008
<0.001
0.98
<0.001
-<0.001
<0.031

0.40
0.14

<0.001

0.39
-0.004
-1.22
-0.07
0.07

3.98
0.64
-0.04

-0.92
0.44

0.27
-1.61
0.24
-0.45
0.20

0.13
0.32
0.08
0.21
0.48
0.15
0.15
0.08

83
-5
-57
48 AM-'
-0.4
-12 0.10 g- cm-'
-47 per 10%/year
7 per g/cmkels/year

90

0.74
0.004

<0.001
0.19
<0.001
0.10
0.002
.0.008

-60
56 itM"
32
-15 0.10 g- cur'

27 JIM'
-36 AM's
2 per 0.10 g/cm3-AM

'Model inchiding rate of change in LS-BMD. Overall fit: residual deviance per degree of freedoin I.19.p < 0.00I. ERT. estrogen re-

placement therapy.

thicken remaining trabeculae, but presumably it cannot re-store trabecular connectivity and replace lost architectural
elements, and it does not decrease bone turnover. Because
of these limitations, the decreases in vFR achieved by NaF
therapy are only moderate. In contrast, decreases of 50%
or more in VFR have been reported after treatment of established osteoporosis with antiresorptive compounds,
such as cyclic etidronate,"°' calcitriol." 14" estrogen,""
and calcitonin,"" despite only small increases in LS-BNID.
This paradox suggests that .antiresorptive drugs may decrease VFR by a mechanism that is different from that
with NaF and perhaps other formation-stimulating drugs.
High bone turnover is known to affect the mechanical
properties of cancellous bone adversely."" Thus, antiresotrive drugs may decrease VFR by stabilizing vertebral
integrity through inhibition of perforative resorption of
cancellous plates."" If so, the addition of an antiresorpfive compound to the NaF regimen may provide a better
therapeutic effect than achieved with either regimen alone.
Although the incidence of nonvertebral fractures decreased somewhat during the 2 year extension, it remained
twofold higher than that observed in the placebo group
during the 4 year clinical trial. Because NaF treatment re-.

suits in losses of cortical bone, the effect on fracture occurrence may be more adverse at sites that contain substantial amounts of cortical bone, such as the hip, than at
sites that contain large amounts of cancellous bone, such
as the vertebral bodies. Because of the severity of the consequences of hip frascture, a treatment that decreases the
incidence of vertebral . fractures would be deemed to be
worthwhile only if it does not concomitantly increase the
risk of hip fracture. In this regard, it is of concern that in
our study there was a threefold, but nonsignificant, increase in the incidence of hip fracture in the NaF group
and that in another randomized controlled trial using only
50 mg NaF per day there was a twofold, statistically signif-

icant increase in hip fracture occurrence."" Also, four reCent epidemiologic studies have demonstrated that populations with naturally or artifically fluoridated drinking
water (at intake levels lower than those used for treatment
of osteoporosis) had increases in hip fracture incidence."'"
Although our retrospective analyses may have provided
interesting insights into factors affecting the therapeutic
response to NaF therapy, we emphasize that our overall
conclusion from the results of the clinical trial is the one
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class and caries experience in 5-year-old children
in Newcastle and Northumberland in 1987
C. L. Carmichael,

BDS,

DDPH

Newcastle Health Authority, 240 Archbold Terrace, Newcastle upon Tyne NE2 IEF

A. J. Rugg-Gunn, RD, PhD, BDS, FDS
Dental School, University of Newcastle upon Tyne, Framlington Place,
Newcastle upon Tyne NE2 4BW

R. S. Ferrell, LDS
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The dental health of 457 5-year-old children who have lived continuously in
fluoridated (at 1 . 0 mg Mitre) Newcastle and 370 children of the same age in non.
fluoridated (less than 0 . 1 mg Fllitre) South Northumberland has been
reported.' This paper examines in detail the caries prevalence in social class
groups 1+11, III, IV + V, and the social class/fluoridation relationship in 1987.
The prevalence of dental caries in the three social class groupings 1+11, M, and
IV + V (and the mean dmft), respectively, was 35% (1-1), 46% (1 . 7) and 67%
(2 . 4) in the fluoridated area, and 59% (2 . 2), 67% (3 • 7) and 77% (5 . 0) in the
fluoridated area. Fluoridation was effective in all social class groupin and,
because caries levels were higher in social classes Iy+ V, fluoridation b
a ut greater savinp for these children than for those in socia1classexi11
d—‘1 awn reduces but does not eliminate social in ualities, leaving social
Ffiii–
i
• madvantage/soci
ackgroun social class as the major actors
klation/social class
prevalence for this age group.Further research into dieThricii—
relationship is required, particularly since the understanding of occupational
class, now considered an imperfect representation of social class, is being
superseded by other criteria which have stronger associations with measures of
poor health.
The effect of fluoridation upon the relationship between
caries experience and-social class in 5-year-old children in
Newcastle and Northumberland in 1975/76 and 1981 has
been reported.2. ' In 1976, the differences in mean dmft
between the fluoridated and non-fluoridated areas were 0-9
(26%), 3-6(60%) and 5-0 (71%) for social class groups 1+11,
III, IV + V, respectively, while in 1981 these differences were
1-2(54%), 2-1(57%) and 2 . 4 (61%). It was concluded from
these surveys that fluoridation seduces the difference in caries
experience between social groups, and has the greatest impact
on high caries levels found in lower social class children.
However, differences in caries experience between social
classes in fluoridated Newcastle were observed in 1981 which
were not recorded in 1976, so it Was concluded that the
relationship between social -class, caries -experience and
fluoridation was still uncertain. It was therefore important,
while conducting a further survey' of the dental health of
5-year-olds in 1987, to determine ihe current effectiveness
of fluoridation , in -Newcastle, and to examine the social
class/fluoridation relationship again in more detail.
-Materials and methods
The design and conduct of this study were similar to those
undertaken in 1976' and 1981.' Fluoridation (at 1 mg Rim)
began in Newcastle and surrounding areas in 1969,18 years
before the present survey in which 5-year-old children

Br Drar J 1989; 147: 5
British Dental Journal 1

continuously resident in Newcastle, and children continuously resident in low-fluoride Northumberland (<0 . 1 rug F/
litre), were examined. The .report of the 1987 survey' has
described the sampling Procedure, methods of clinical
examination and data analysis. All children were clinically
examined by one examiner under standardised conditions.
Caries was recorded at the cavitation stage; radiographs were
not taken. Parental occupation was obtained from school and
medical records, or from a questionnaire, and coded into
SOCi21 daSSCS 1 — V using the Registrar General's criteria! This
information was analysed, together with the caries data for
deciduous teeth, to examine the relationship between caries
and social class in both the fluoridated and non-fluoridated.
areas. The /-test, Mann-Whitney and chi-squared tests were
used to test statistical differences between groups.
-Results
The distribution by social class of the 827 5-year-old children
examined in the two areas is. given in Table I. In the
-Newcastle (fluoridated) area slightly more . social .Class 1+11
children were sampled, while in Northumberland (nonfluoridated) more social class IV+ V children were sampled
(P< 0-001, x.2 test). However, as the analyses were based
upon a comparison of fluoridated and non-fluoridated areas
within social class groups and of social class groups within
areas, this difference WS not relevant to the present study.

or tne ozi
,
vear-olos ()entail ,/ examiner:I, according to social class in eacn area.
Percentages are given in parentheses
Social class
Area

Total

Fluoridated (F)
Non-fluoridated (NF)

457

34 (7)

370

11)3)

•

II

Ill

83 1181
45 (12)

170 (371

38)8)

146 (40)

57 (15)

IV

Table II Caries experience (drnft) according to area IF or NF) and social class.
(sd). Differences tested for statistical significance by Mann-Whitney U test

14.11
IV+V

Unclassified
1+11 vs III
1+11 vs 1V+V

III vs IV+ V
IV+ V vs unclassif.
III vs unclassif.

14 (3)

118 (26)
104 (28)

7 121

Data presented as mean

Difference

1%1

Stat. signif.

1 . 1 (2O8)
1 . 7 (2 . 53)
2 . 4 (2 -871
2 . 4 12 -701

22(266)
37(4-05)
5.0 14.561
45(4-64)

1-1
20

1491
1S41

2 .6
2•1

1511

P< 0.001
P<0.001
P< 0.01
P<0.01

P< 0 . 05

P<0•05
P<0•001
P=0.06
P=0.4
P=0•2

P<0 . 001
P<0 . 05
P=0 . 9
P<0•01

The mean age of the children was 5 years 6 months; there
were no differences (P> 0 -1, r-test) between areas or social
class groups.
Caries in 5-year-old children was still a considerable
problem, with 67% of Newcastle (fluoridated) and 77% of
Northumberland (non-fluoridated) social class IV +V children having experienced caries. Social class I + II children in
non-fluoridated Northumberland also had a high prevalence,
with 59% being affected compared with 35% in social class
1+ II children in fluoridated Newcastle.
Caries scores in both areas for social class IV+ V were over
twice that for social class 1+11 children (Table II, fig. 1). The
difference in mean thrift between social class IV +V children
living in low-fluoride and fluoridated areas was 2-6 dnift,
which is twice as large as the difference of I . 1 dmft between
social class .1+11 children living in the two areas (Table II).
The difference in the number of- tooth surfaces (dmfs)
between the fluoridated and non-fluoridated areas was 5•4 for
social classes IV + V, compared with 1 -8 for social classes,
1+11. This is nearly a three-fold difference (fig. 1).
Differences between areas_mrs_mistically-signifieant- for
each social class grouping and both caries indices. _
The percentage of children with five or more &rift (Table
•III) was twice as high in social classes IV +V compared with
social classes 1+11 in both areas. Nearly half the children in
social class IV+ V in the non-fluoridated area had five or more
cariously affected deciduous, teeth. Similar differences
between social classes within areas, and between areas within
social classes; can be seen in the percentage of children with
dmfs of 15 or more (Table III). A quarter of social class
IV + V children living in the lOw-fluoride area had 15 or more
cariously affected tooth surfaces.
Table IV shows the spercentage of children who had ever
had toothache, teeth extracted, or a general anaesthetic for
extractions. The differences between social class groupings
are again apparent in both the fluoride and non-fluoridated
areas for all three health parameters. The differences in-the
prevalence of toothache, tooth extraction or general
anaesthesia between social class groups

were especially

rnarlic A ;.7.

••

----1

Other

NF

Social class
Ill

V

'4"

f•

• ••

1461

10

Olds

F ' NF
••

.1 • I,.

F

NF
II'

F

NF

-IV • V

F

NF

Unclanified

Rg. 1 Caries scores iri both areas for all social classes;

class IV+ V children had experienced toothache, one third
had experienced tooth extraction and one third had
experienced general anaesthesia.
Table V demonstrates 14 measurements of dental health
for social class I+II and IV+ V children living in the
fluoridated and non-fluoridated areas. This comparison of
extreme social groups in the two areas shows the disadvantage
social class IV + V children suffer, even within the fluoridated
area, with the percentage with one or more decayed teeth
varying between 31% in social class I+II to 60% in social
class IV +V. Other extremes in the fluoridated area between

social groups are the percentage having one or more extracted
teeth, 4% against 19%, and the percentage ever having a
general anaesthetic for extractions, 5% against 24%. The
same extremes are found in the non-fluoridated area, with the
percentagwith 15+ dmfs being 2% for social classr-ZDIZIT-*'
and 25% for social classes IV +V.Similarly, for children who
had ever had éIiiaions, the percentages were 5% against
33%, and for general anaesthetics, 2% against 32%. The
position of the most fortunate children, social class 1+11
living in the fluoridated area, compared with those most
unfortunate, social class IV+ V children living in the nonfluoridated area (the first and last columns in Table V) are

CIJ "VC uf :note ornt: aro i Of more amIsi according to
.
area IF or NF) and social class. Differences between groups tested for statistical significance by chi-squared test

% drnft 5 4Social class

I

II

Ill
Unclassified
Statistical significance of
differences between social
class groupings I-V

% dmfs 15 •

F

NF

Difference

Sat. signit.

F

NF

Difference

Stat. signif.

10
15
21 .
20

21
33

11

45

24
27

P<0.05
P<0.001
P<0-01
P<0.001

2
4
10
5

2
14
25
24

0
10
15
19

P= 1•0
P<0.01
P<0•05
P<0-001

'P<0.2

P<0•05

P=0•06

P<0.01

47

18

Table IV Percentage of subjects who had ever had toothache, teeth extracted, or general anaesthesia
for dental extractions, by area and social class. Differences between groups tested for statistical
significance using chi-squared test
Social class
Toothache
1+11
Ill

IV+ V
Unclassified
Statisticsl significance of differences
between social class groupings 1-V
Teeth extracted
1+11

13
15
27

NF

Difference

Stat. signif.

13
21

0
6
15
10

P=1.0
P=0.2

1
9
14
9

P=1.0
P<0.005

3
6

Pli0•7
P=0-1
P<0-4
P<O•01

42
34

24

Pm. 0-07

P<

P - 0-2

0.001

•

Ill

IV + V
Unclassified
Statistical significance of differences
between social class groupings I-V
General anaesthetic
.11
111
1V+ V
Unclassified
Statistical significance of differences
between social class groupings I-V

4
7
19
9
P<O-05

16
33

Is

•

5
9

P<O-001 •

2
15
32
21
P<O-001

24

7
P< O-001

P=0-1 •
P<0.-05
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Table V Comparison of dental health parameters between extreme social class groups in each area
Fluoridated
1+11

Percentage caries prevalence
Mean drrtft

Mean dints
Percentage drnft 5.
Percentage dirds 15 4Percentage one or more decayed teeth
Percentage three or more decayed teeth
Percentage one or more filed teeth
Percentage one or more extracted teeth
Percentage over had toothache
Percentage ever had GA for extractions

Cost ICI work donee
Cost ICI work to be donee
Total cost (Cl'

35
1•1
1-6
10
2
31
9
14

4
13
S.

Non-fluoridated
IV+ V
67
2-4
4-4

21
•10
60
21
17
19
27
24

2-17

6-79

3-17
5-33

13-19

6-40

1+11

IV+ V

59
2-2

77
5-0
9-8
45
25
73
53
22
33

3-4

21
2
55
34
14

13
2
2-12
7-93
10-04

" 42
32
9-07
14•36

23-43

'Calculated according to NHS scale of fees. October. 1986.°

•

Table. VI compares the mean dmft in the three surveys,
conducted in 1976, 1981, and 1987. The improvement in
"caries experience is aperall between 1976 and 1981, but
since then all social groups in tio-tEilu. -Tidied
(
Newcastle and
) notl-i'ECoirdated
Northumberland have not improved and, if
nythitit; have tended to worsen:in 1976, the percentage
7._
.

difference in drat between areas was much greater in social
classes IV+V than in social classes I+11 This difference,
though reduced, WS still apparent in 1981, but had disappeared by 1987. In terms of absolute differences in dmft
. between areas, however, the differences were still present in
1987, similar to those observed in 1981, but less than 1976.

• `••••••••

".. CC

C..

'•-•"•

• --`."

groups, living in fluoridated (F) and non•fluoridated (NF) areas of
Newcastle and Northu:nberiand in 1976, 1981 and 1987
1976

1987

1981

F

NF

F

NF

F

NF

1+11
Ill
IV + V

2 .5
2.4
2 .0

3.4
6 .0
7 .0

10

22
3.6
3.9

1-1
1.7

2.2
3•7
5-0

Difference 196)

0 . 9 (26%)
3-6 (60%)
5 . 0 (71%)

Social class

Discussion
This study followed the same principles as the previously
published ones, which compared fluoridated Newcastle and
non-fluoridated Northumberland 5-year-old children in
1976, 2 1981' and I987.' The examinations were by the same
person in 1976 and 1987, while a different though calibrated
person examined in 1981. Examiner variation was small,' but
comparisons between surveys (Table VI) should be made with
caution. There was a high acceptance rate in all surveys for
both the clinical examination (over 80%), and the parental
questionnaire (over 84%), which used the same wording in all
three surveys. The numbers unclassified were high in the
1987 survey, at approximately one quarter of the sample, and
were more likely to be in the low social class groups or those
whose fathers were unemployed.' In July 1985, social classes
I + II were reported nationally to be 27% of the population
and social classes IV +V 29%;" both figures were higher than
those recorded in the present survey.
The main findings of this survey relate first to fluoridation
and, secondly, to social class. Fluoridation was effective in all
social class groupings. Because caries levels were higher in
social classes IV + V, fluoridation brought about greater
savings for social class IV + V children than for social class
1+11 children. These trends.were shown in both the clinical
and questionnaire data.
Prevalence of dental caries was related to social class. The
percentage of subjects with caries experience was substantially higher in social classes IV + V than in social classes I+ U.
The dmft of social class IV + V children was over twice that
of social class I + II in both areas (Table II), as was the dmfs
(fig. I). Similarly, children with five or more dinft were twice
as numerous in social class IV+ V compared with social class
I+ II .children (Table III). In the fluoridated area, the
percentage of social class IV + V children who had had
toothache was twice which of social class I + II and three times
that for those in the non-fluoridated area. Social class IV+ V
children in the fluoridated area were over four times more
likely to have had a tooth extracted than social class I + II
children and six times as likely in the non-fluoridated area.
Social class IV + V children were five times as likely to have
had a general anaesthetic for extractions compared with social
class 1+ II children in the fluoridated area and sixteen times
as likely in the non-fluoridated area (Table IV). The total
cost of making a social class IV +V child dentally fit was
twice that of a social class 1+11 child in both fluoridated and
non-fluoridated areas (Table V).
This considerable social class gradient in both the.
den.n.is,rntee th.c
Cluori4Te4

1.5
1.5

1*-2 (54%)
2.1 (57%)
2-4 (61%)

2.4

1-1 149%1
2.0 (54%)
2.6 151%1

importance of using social parameters in planning services. It
was pointed out in 1984' that the greatest reductions in caries
prevalence between 1976 and 1981 have occurred in social
class I + II children and, if the trend continues, the caries
prevalence gap between social class groups will increase
further: This, in fact, has happened and is particularly serious
at a time when proposals are being made regarding reductions
in routine school dental inspections by the Community
Dental Service which might reduce the effectiveness of dental
care for low social class children.
Fluoridation is more effective (in teeth saved) in social
classes IV and V, where it will affect those very children with
the highest caries levels living in deprivation, who are least
likely to attend the dentist, especially for preventive treatment
and least likely, because they live in greatest poverty, to brush
their teeth regularly with a fluoride toothpaste. It is known
that 55% of toothpaste sales go into only 20% of homes, and
100% into just 62% of homes.' The 38% of homes not
getting fluoride toothpaste may well be lower social class
homes (in addition to those whose occupants have no natural
teeth).
One of the important results of this survey is that
fluoridation alone is insufficient to obviate the influence of
social disadvantage/social background/social class. This is in
agreement with Bradnock et al.,* who studied 5-year-old
children in the West Midlands, and Colquhoun l ° who stated
that in Auckland, New Zealand, levels of child dental health
are more related to socio-economic factors than water
fluoridation.
Further research into the fluoridation/social class relationship is required to determine the fundamental causes of the
social class differences. The usefulness of measuring social
class by the classification of occupations, is now being queried
by a number of groups."'" Weaknesses include the fact that
it is mainly a measure of employed men of working age and
does not include the unemployed, except as to their last main
employment,. it looks at a male's social position only at one
point in time, it fails to reflect important aspects of women's
lives except with reference to their husbands; and to children
with reference to their fathers. It does not differentiate
between single women, married women, housewives, and
those women in paid employment, ignoring the class position
a woman may acquire by having an occupation in her own
right, or the resources that a woman may bring to the material
well-being of the family.
The authors of Health and Deprivation. Inequalities in the
North,' while re-affirming the value of social Class as a
nereeelnr

rnneert

re. 1.q. • • •• •ri !ie (tn., et(' - t •

.1

'scientific categories explaining social behaviour, nevertheless

show that occupational class alone does not uniformly reflect
the distribution of, for example, mortality. Occupational class
the y state, is an imperfect representation of social class. Car
ownership (a proxy for current income) and unemployment,
explain more of the variation in health and high mortality rate
in Newcastle than any indicators based on occupational class.'
Social class variation is an element of descriptive statistics, to
be used as such and not as if it were an analytic approach."
The association between inequality in general health and
economic and social inequalities has been demonstrated by
The Black Report," the Health Divide," and Inequalities in
the Northern Region,' with the primary factor in operation
being material poverty. Other factors are generally seen as
being indirectly associated, for example social class or extra
contributory factors (eg unemployment) or partial mediating
factors (eg dietary habits). It is in this area that further dental
epidemiological research is required into factors independent
of but within measures of occupational class, which
contribute to dental ill health and the social class/fluoridation
relationship.
Social class, deprivation, poverty and inequality cannot
easily be changed by dentists, although inequalities in access
to primary dental care, especially in the North, could be
improved by determined professional effort. The unnecessary
pain and suffering caused by high levels of dental decay in low
social class children, as demonstrated in this paper, can,
however, be reduced by dentists proMoting further national
progress in the essential preventive and humane measure of
fluoridation of the water supply. The Newcastle experience
of almost 20 years of fluoridation .shows the benefits,
especially for the most deprived section of the community.

The World Health Organisation, Regional Office for Europe,
of which Britain was a signatory in 1984, aims to reduce
inequalities in health by 25% by the year 2000. This paper
demonstrates a dental dimension.
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Abstract - The aim of this study was to describe the caries prevalence of 1-1-yr-old
children living in two fluoridated communities, a non-fluoridated community, and a
community that discontinued fluoridation 5 yr before the children were examined
and to relate the caries prevalence to socio-economic status. Clinical examinations
were completed on 413 children of whom 227 had been continuously resident in
their towns. Children living in the fluoridated communities had significantly lower
mean DMFT and DMFS scores than those in the non-fluoridated town. The
children from the town that had discontinued fluoridation 5 yr earlier had mean
DMFT and DMFS scores that occupied an intermediate position. The differences
were greater when only the continuous residents vere examined. There were siginficant differences in the mean DMFf and DMFS when comparing socioeconomic
status and fluoridation of the water supply. No interaction effect was demonstrated
between these two factors.
•

Differences in the prevalence of dental
caries in 14-yr-old children living in fluoridated and non-fluoridated communities have been reported in the United
Kingdom (I). The magnitude of the differences in that study were much greater
than differences recently reported in
12L 13-yr-old New Zealand children (2).
The relationship of socioeconomic status
to caries was not considered in these reports. There is evidence from 5-yr-old
children in the United Kingdom (3.. 4)
and in New Zealand (5, 6) that the relationship between caries and fluoridation
is also influenced by socioeconomic
status. In New Zealand COLOUHOUN (7)
reported that the differences . in caries
prevalence between different groups of
children are independent of fluoridation
and due to social class differences.
Althou gh several communities in New

Zealand have discontinued . fluoridation,
the effect of discontinuation on caries
prevalence in adolescents has not been
described. A study of 5-yr-old children
showed the caries prevalence to be higher
in the community that had 'discontinued
fluoridation compared with those communities that were fluoridated (6).
Dental services for children in New
Zealand is provided predominantly by
a school-based service which covers in
excess of 95% of children aged between
5 and 13. Dental health status data are
collected on two groups of children;
those aged -5 yr and those aged 12-13 yr.'
These data are published annually (8). It
is these data that have been used to sup-port the arg ument that fluoridation has
no effect on caries prevalence (7).
. The aim of this study was to assess the
prevalence of dental caries of 14-yr-old
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children in relation to their fluoride history and their socioeconomic status.
Materials and methods
Ethical approval for the study was obtained from the Canterbury and the Ota•go Area Health Boards Ethical Committees. Four towns in New Zealand were selected for study: Oamaru (Otago). which
has never been fluoridated; Timaru (Canterbury), where fluoridation ceased in
1985 when the study group would have
been aged 9 yr; Ashburton (Canterbury).
and Dunedin (Otago), which are both fluoridated at• I ppm. This study was conducted concurrently with a study of 5-yrold children Which has been reported separately (6).
Sample size was first recommended.
following the results of a power study, as
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40 for the fluoridated and 40 for the nonfluoridated samples presuming a caries
difference of approximately 50%. As the
sample was to be split into three groups
for analysis, the number sampled was increased to 120 in an attempt to ensure that
all subanalysis would contain more than
30 subjects. It was not possible to identify
in advance the numbers who would accept
the invitation to participate. A two-stage
sampling procedure was used. Schools
were stratified by gender of children attending and proportionally sampled. In
Oamaru 120 children were sampled while
150 were sampled in the other three towns.
Children were considered lobe aged 14
yr if they had had a 14th birthday but not
a 15th. Each selected school was asked to
provide a list of the children with their
dates of birth and addresses. Children
were excluded from the samplin g procedure if they had an address outside the urban area.
For each child the parent or guardian
was asked to complete a consent form and
short questionnaire, which requested the
child's date of birth, racial affiliation,
length of residence in the study town,
other places of residence with lengths of
time there, use of fluoride supplements,
and the occupations of the father and the
-mother. The socioeconomic status of the
child was coded using the Elley-Irving
Index for fathers (9), but if the father's occupation was not reported then the 1rving-Elley Index for mothers (10) was
used. These indices are based on a combination of education and income and include occupations peculiar to New Zealand: The most advantaged children are
coded as one and the least , advantaged as
• .

six,-and for analyses the scale is grouped
(Table 1).
The examination took place in a mobile dental surgery, which ensured standard conditions in all schools visited. The
teeth were dried with compressed air but
the teeth were not cleaned. A plain
mouth mirror was used. A blunt probe
was available to remove debris but was
not used to diagnose caries. The criteria
for the diagnosis of caries have been described by PALMER etal. (11). If a tooth
was missing the child was questioned as
to the reason. The tooth was recorded as
"missin g due to caries- only if there was.
no doubt that this was the reason.
Data were entered onto a computer
from the data sheets and were verified
for accuracy of entry. The data were analysed using Surveyplus. Provident Software. Bristol. U.K.. which is a program
desi gned for dental epidemiology. After
provisional analyses the data were analysed using SPSS. Analysis of variance
was used to determine statistical differences of mean . DMFf and mean DM FS
scores. As the DMFT and the DMFS
were not normally distributed the analysis of variance was performed on a log
transformation of the data. Analysis of
variance was used to determine the relative effect of socioeconomic status and
water fluoridation. A two-way interaction analysis and a linear trend analysis
were undertaken. For qualitative data
chi-square tests were used. ..
Results

Examinations were completed on 413
children aged 14 yr. The acceptance rate

Table I. Fourteen-vest-old children livin g in fluoridated, non-fluoridated and discontinued
fluoridated communities: distribution by gender. ethnic origin, and socioeconomic status
Fluoridated

Discontinued
fluoridation

Nonfluoridated

» .

(7..)
Gender
Male
Female

•

123

Racial affiliation
New Zealand European
Maori-Polynesian .
Other
Socioeconomic status
SES I and 2
SES 3 and 4
SES 5 and 6
Unemployed
Excluded'

119

209
18

(86)
,(6)
(7) •

51
110
56
16

(21)
(45)
(23)
(7)

9

(4)

15

-

(49)
(51)

Chi. square

54

(41)
(591

46
33

(58)
(42)

4.87

0.09

82
7

(89)
(8)

68
6

(86)
(7)
(6)

2.21

0.70

10.45

0.23

(3)

16
46
21
•6
. 3

(17)
(50)
(23)
(6)
(3)

•

5
5.
44

18
.7
5

(6.)

(56)
(23)
(9)
(6)

to participate in the study ranged from
61% in Tunaru to 81% in Ashburton_
The distribution of the children by gender, ethnic origin, and socioeconomic
status is shown. in Table 1. Although
there were no statistically significant differences between the three groups the
group from the fluoridated area contained proportionately more people with
a higher socioeconomic status.
Children living in the non-fluoridated
community had significantly more filled
-teeth, and significantly higher DMFT
and DMFS than the other two groups
(Table 2). The mean DMFT and DMFS
were lowest in the children who lived in
the fluoridated area but when these were
compared with the if gures from the area
from which fluoridation had been discontinued, the differences were very
small. Socioeconomic status and water
fluoridation status were both shown to
be significant factors but there was no
interaction effect.
The analyses were repeated for those
children who had betticontinuously resident in their respective areas. The proportion of children who fulfilled these
criteria ranged from 49% in Timaru to
61% in Oamaru. When only the continuous residents were considered, the
mean DMFT and DMFS was again
significantly higher in the non-fluoridated area (Table 3). The continuous residents in the fluoridated group showed a
lower caries experience compared with
the whole fluoridated group but the continuous residents in the other two groups
showed an increased caries experience
when compared to their total groups.
The caries prevalence of all children
was examined in relation to their socioeconomic status (Table 4). The highest
caries level was found in the most disadvanta ged children in the non-fluoridated
area. Children classified as 5 or 6 living
in the fluoridated area had significantly
lower mean DMFT and mean DMFS
scores than those in the non-fluoridated
area. A similar, but statistically nonsignificant, trend was seen in those classified" as .3 . or 4 but no such trend was
apparent among the most .advantaged
children classified as I or 2. No interaction effect was found between socioeconomic status and water fluoridation. The
data were further investigated using a
linear trend analysis which confirmed the
lack of an interaction effect.
The non-fluoridated town had the
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Table 2. Mean DMFT and DMFS scores of 14-yr-old children living in fluoridated, non-fluoridated and discontinued fluoridated communities

242
92
79

fluoridated communities
Discontinued fluoridation
Non-fluoridated community

DT

MT

FT

0.14
0.10
0.11

0.02
0.02
0.00

2.23
2.68

DMFT
(Standard deviation)

DMFS
(Standard deviation)

2_40 (2.23)
2.80 (238)
4.37 (3.80)

3.18 (3.48)
3.74 (3.87)
6.20 (6.84)

4.25

Main effects
DMFT Socioeconomic status F=2.255 P=0.063; water fluoridation status F=6.820 P=0.001.,
DMFS Socioeconomic status F=2.475 P=0.044; water fluoridation status F=6.053 P=0.003.
Two-way interaction NS.

Table 3. Continuous residents: mean DMFT and DMFS scores of 14-yr-old children living in fluoridated, non-fluoridated and discontinued
fluoridated communities

Fluoridated communities
Discontinued fluoridation
Non-fluoridated community
F ratio

134
45
48

DT

MT

0.13
0.11
0.06

0.00
0.00
0.00

NS

NS

DMFT
(Standard deviation) •
2.20
3.24
4.46
13.60
0.0005

DMFS
(Standard deviation)
2.97 (3.08)
4.42 (4.41)
6. 10 (6.41)
10.48
0.0014

2.33 (2.16)
3.36 (2.86)
4.52 (3.70)
12.20
0.0008

Table 4. Mean DM FT and DM FS of 44-yr-old children in fluoridated, non-fluoridated and discontinued fluoridated Communities by socioeconomic;

.-

status for those classified in groups 1 to 6

1 and 2
Fluoridated
Discontinued
Non-fluoridated
3 and 4
Fluoridated
Discontinued
" Non-fluoridated
5 and 6
Fluoridated
Discontinued
Non-fluoridated

DT

MT

FT

0.10
0.00
0.00

0.08

16
5

0.00
0.00

1.82
1.94
3.20

110

0.13

46
44

0.09
0.14

56

0.21
0.19
0.17

51

21
IS

DMFS
(Standard deviation)

F ratio
(P)

2.00 (1.96)
1.94 (2.14)
3.20 (2.86)

(NS)

2.86 (3.78)
2.19 (2.40)
4.00 (4.58)

(NS)

2.52 (2.24)
2.52 (2.14)
4.02 (3.61)

5.82
(0.1.3)

3.17 (3.23)
3.37 (3.29)
5.75 (6.36)

6.42
(0.11)

3.43 (3.81)
5.10 (5.23)
8.83 (8.30)

7.31
(0.004)

DMFT
(Standard deviation)

(NS)

0.00
0.00
0.00

2.39
2.43
3.89

(0.16)

0.04

138
3.24
5.83

9.62
(0.0015)

0.10
0.00

F ratio
(P) -

F ratio
(P)

6.09

.
•

2.63 (2.49)
3.52 (3.37)
6.00 (4.00)

'
•

8.50

(0.003)

Main effects
DMFT Socioeconomic status F=3.743 P=0.025; water fluoridation status F=6.955 P=0.001.
• -DMFS Socioeconomic status F=3.572 P=0.029; water fluoridation status F=6.624 P-0.001.
Two-way interaction NS.

lowest percenta ge of caries-free subjects
and the hi ghest percentage with a DM FT
• of 10 or more (Table 5).
In the area from which

fluoridation
had been discontinued only 21 subjects
(23%) reported that they had used fluoride supplements and of these, only 4
subjects (4%) had used fluoride supple- •
ments for . 5 or more years. In the nonfluoridated areas 57 (7n) people had
used supplements; 32 (40%) for more
than 5 yr. The use of fluoride supplements by socioeconomic status is shown
in Table 6. The usage of fluoridated
toothpaste was not recorded.

Discussion
The I4-yr a g e group was chosen intentionally because children can leave
school at . a ge IS in New Zealand. It is.

therefore. the oldest group Of schoolchildren that can be considered to represent
the total population from which they are
drawn. The prevalence of caries reported
in this paper cannot be compared easily
with the routinely collected data for
1 2-1 3-yr-old children (8), although not
surprisingly the . prevalence is higher, as
the children are older.
The caries prevalence was significantly

different between the communities. The
lowest caries prevalence was in the fluoridated community and the hi ghest in the
non-fluoridated community which confirms the findings of other studies (I; 12).
The differences reported here, particularly when the continuous residents are
considered, are greater than in other recent New Zealand studies (2. 7, 13). The
Department of Health's routinely collected data (8) also shows smaller differences
between fluoridated and non-fluoridated
areas than reported here. This study has
examined-the effect of more variables per
child than in the analyses of the routinely
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Table 5. Number and percentage of 14-yr-old children -with DMFT=0, or decayed teeth (DT)
greater than or equal to 1 or DMFT greater than or equal to 10
DMFT =0 (%)
All children
fluoridated (Dunedin/Ashburton)
Discontinued (Timaru)
Non-fluoridated (Oantaru)

242
92

67 (28)
27 (29)

79

17(22)

Continuous residents
Fluoridated (Dunedin/Ashburton)
Discontinued (Timaru)
Non-fluoridated (Oamaru)

134
45
48

34

All residents by socioeconomic status
Fluoridated 1 and 2
Discontinued 1 and 2
Non-fluoridated I and 2
Fluoridated 3 and 4
Discontinued 3 and 4
Non-fluoridated 3 and 4
Fluoridated 5 and 6
Discontinued 3 and 6
Non-fluoridated 5 and 6

51
16
5
110
46
44
56
21
IS

14(27)
8 (50)
0 (0)

10 (Ye)

DMFT

1 (0.4)
1(1)
8(10)

(25)
8(18)
9(19)

1(1)
1 (2)
4 (8)

(0)
0 (0)
0 (0)
0

28 (25)
13 (33)
11(25)
16(29)
3(14)
2(11)

0 10)
11

lin

3 17)
2 00)
3 07)

Table 6. The reported use of fluoride supplements b. I4-yr-old children in non-fluoridated and
discontinued fluoridated communities by socioeconomic status for those clas.silied in groups 1
to 6
No supplements used

Some supplements used

Discontinued
SES 1 and 2
SES 3 and 4
SES 5 and 6

16
46
21

10
39
15

63
85
71

6
7
6

37
15

Non-fluoridated
SES 1 and 2
SES 3 and 4
SES 5 and 6

5

1
9
7

20
20
39

-1

44
18

33

30
SO
61.

collected data. The reason for doing so
was to try to compare caries prevalence
in groups of children differin g only in
their exposure to fluoridated water. The
children living in the fluoridated area
were more socially advantaeed than thechildren in the other two areas. The analysis of variance found si gnificant differences between the DM FT and DMFS
for both socioeconomic status and water
fluoridation. When the effect of socioeconomic status was allowed for living
in a fluoridated area was associated with
lower mean DMFT and mean DMFS
scores. These differences were highly statistically significant.
One major. factor considered in this
study is the continuous residence of the
children in their _areas. It is commonly
stated that New Zealand has a vei-y mobile population and this is supported by
the small proportion of children in each
sample Who were continuous residents

11

(Tables 2 and 3). The proportion is

markedly smaller than in the study of 5yr-old children in the same communities
(6). It is possible that New Zealand studies relying solely on routinely collected
data from the School Dental Service will
underestimate differences in caries preva-.
lence between children living in fluoridated and non-fluoridated communities, due
to the children's mobility: in older age
groups this phenomenon will. be more
marked. Studies (7, 8) based on such data
may be flawed. The present study was
designed to overcome some of the problems inherent in the analysis of routinely
collected data. The difference of 48%.in
caries prevalence,, between continuously
resident children living in a fluoridated,
community compared with a non-fluoridated community, reported in this study
is in keeping with international results
(12).
.
One community (Timaru) had stopped

fluoridation 5 yr before the children were
examined. The continuous residents in
this study had received fluoridated water
until they were aged 9 yr. It was hypothesised that their caries prevalence
would be between that of the children in
the fluoridated and non-fluoridated communities and this was found to be so.
This was not the case with the S-yr age
group who more closely resembled the
non-fluoridated community (6). A descriptive prevalence study does not show
whether the caries prevalence is altering
over time or whether it is just different
from the comparable communities. It

would be desirable to repeat the study.
after 5 yr. to clarify this.
The data presented here show that
there is a eradient in dental caries related
to socioeconomic status in the non-fluoridated area which is not present in the
fluoridated area (Table 4). However. statistical analysis did not reveal an interaction effect or a statistically significant
trend. It is possible that the lack of a
statistically significant gradient is related
to the few subjects in some groups. The
study lacked sufficient power to demonstrate a statistical difference. In the primary dentition fluoridation appears to'
reduce social inequities. It has been demonstrated, in the series of studies of 5-yrold children in the north of En gland., that
, fluoride is of more benefit' to the more
disadvantaged children (3, 4). Similar
findings were reported in New 'Zealand
(5. 6). While this study failed to demonstrate an interaction effect between socioeconomic status and water fluoridation
there is a tendency for there to be a greater social gradient in the non-fluoridated
area than in the fluoridated area. Further
investieation is necessary, with greater
numbers of subjects. to answer this point.
The difference in caries levels between
children of different socioeconomic status
ma y be due to the use of fluoride supplements. The use of supplements was lower
in those . in the more disadvantaged
groups. The use of fluoride toothpaste
was assumed. to be similar between children living in different areas but no data
were collected on the use of fluoride
toothpaste between children of different
socioeconomic status. Other factors
which may affect the prevalence of C.aries
between people .0 f different socioeconom-.
. ic status have not been investigated in this
study. .
This study found that higher socioeco-
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nomic status and living in an area with
water fluoridation were associated with
significantly lower mean DMFT and
DMFS scores. The greater effect was associated with water fluoridation status.

3. CutsiiatAEL CL, RuGG-Gubm Ai,
FRENCH AD, CARNAGE JD. The effect of

fluoridation upon the relationship between dental caries and social class in 5year-old children in Newcastle and Northumberland. Br Dent J 1980; 149: 163-7.
4. Cuuncsta.a. CL, RuGG-Ginn: Al. FERRELL. RS. The relationship between fluoridation, social class and caries experience
in 5-year-old children in Newcastle and
Northumberland in 1987. Br Dent .11989;
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FINDINGS AND CONCLUSIONS

NT OF FLUORIDE EXPOSURE

Js and 1950s, fluorides in drinking water and food were the major sources of fluoride
expo.
there are numerous sources of fluoride. Fluoride exposure in the United States has
expanded significantly because of: the availability of dental products containing fluoride, the
consumption of beverages and foods containing fluoride; and fluoride dietary supplements.
Estimates prepared for this report show that while fluoride exposure is greater in fluoridated areas
compared to nonfluoridated areas, there is fluoride exposure in both areas. In fact, this report
estimates that some children living in nonfluoridated areas who use fluoride dietary supplements can
receive about as much fluoride as children living in optimally fluoridated areas. In fluoridated areas,
most daily intake of fluoride is derived from drinking water, beverages and food. The inappropriate
ingestion by some children of fluoride containing toothpaste and mouthrinses can contribute
significantly to their total fluoride intake. Because well over 90 percent of all toothpaste marketed in
the United States contains fluoride it is difficult to obtain toothpaste without significant levels of
fluoride.
ASSESSMENT OF THE HEALTH BENEFITS OF FLUORIDE
Fluoride has substantial benefits in the prevention of tooth decay. Numerous studies, taken together,
clearly establish a causal relationship between water fluoridation and the prevention of dental caries.
While dental decay is reduced by fluoridated toothpaste and mouthrinses, professional fluoride treatments and fluoride dietary supplements, fluoridation of water is the most cost-effective method. It
provides the greatest benefit to those who can least afford preventive and restorative dentistry and
reduces dental disease, loss of teeth, time away from work or school, and anesthesia-related risks
associated with dental treatment.
In the 1940s, children in communities with fluoridated drinking water had reductions in caries scores
of about 60 percent as compared to those living in non-fluoridated communities. Recent, studies still
reveal that caries scores are lower in naturally or adjusted fluoridated areas; however, the differences
in caries scores between fluoridated and' non-fluoridated areas are not as great as those observed in the
1940s. This apparent.change is likely explained by the presence, in non-fluoridated areas, of fluoride
in beverages, food, dental products and dietary supplements.
Fluoride has been used for nearly 30 years as an experimental therapy to treat osteoporosis, but has
only recently been evaluated in controlled clinical trials. Two new U.S. clinical trials showed no
significant reduction in the rates of bone fractures related to the administration of fluoride. An FDA
advisory panel has concluded that fluoride therapy has not been shown to be effective in reducing the
frequency of vertebral fractures.
ASSESSMENT OF THE HEALTH RISKS OF FLUORIDE
Among the more significant health conditions evaluated in relation to fluoride intake are cancer, dental
fluorosis, and bone fractures. Other conditions are evaluated in the full report.
Cancer
Two major scientific approaches have been used to determine whether an association exists between
the use of fluoride and cancer: carcinogenicity studies inrodents, and human epidemiological analyses
which compare cancer incidence and mortality between communities with fluoridated water and those
-84-

with negligible amounts of fluoride in drinking water.
Five carcinogenicity studies in animals have been reported in the biomedical literature. Three studies,
conducted before 1970 and interpreted as negative, had significant methodological limitations, as
judged by current standards of experimental design. Two subsequent studies were conducted using
current standards to evaluate the carcinogenicity of sodium fluoride in experimental animals.
One of the two carcinogenicity studies was conducted by the National Toxicology Program (NTP).
This peer-reviewed study provided sodium fluoride in drinking water to rats and mice and determined
the occurrence of tumor formation in many different organ systems. The peer review panel concluded
that, "Under the conditions of these 2-year dosed water studies, there was equivocal evidence of
carcinogenic activity of sodium fluoride in male F3441N rats, based on the occurrence of a small
number of osteosarcomas in dosed animals. There was no evidence of carcinogenic activity in female
F344/N rats receiving sodium fluoride at concentrations of 25, 100, or 175 pprn (0, 11, 45, 79 ppm
fluoride) in drinking water for 2 years. There was no evidence of carcinogenic activity of sodium
fluoride in male or female mice receiving sodium fluoride at concentrations of 25, 100, or 175 ppm in

drinking water for 2 years." The Ad Hoc Subcommittee on Fluoride concurs with this conclusion.
The other carcinogenicity study was sponsored by the Procter and Gamble Company using CrCD
(Sprague-Dawley) rats and Crl:CD-1 (ICR) mice both treated with 0, 4, 10, or 25
milligrams/kilogram/day sodium fluoride added to a low fluoride-basal diet. A second control group
received powdered rodent chow. There was no evidence of malignant tumors associated with sodium
fluoride in mice and rats of either sex in the Procter and Gamble study. While there were two
osteosarcomas in the low dose female rats, one osteosarcoma in a high dose male rat, and one
fibroblastic sarcoma in a mid-dose male rat, these findings in treated animals were not statistically
different from controls. Male and female mice in the study did have a statistically significant increase
in benign bone tumors (osteomas). The significance of a Type C retrovirus, detected in the osteomas,
remains to be determined. Osteomas and osteosarcomas are different in anatomical site and clinical
course. The FDA also noted difficulty in assessing the dose-related aspects of the osteomas in mice
(see page 75-6). Furthermore, osteomas and osteosarcomas are so rare normally in rodents that the
relationship between these tumors cannot be accurately stated.
When the NTP and the Procter and Gamble studies are combined, a total of eight individual
sex/species groups are available for analysis. Seven of these groups showed no significant evidence of
malignant tumor formation. One of these groups, male rats from the NTP study, showed "equivocal"
evidence of carcinogenicity, which is defined by NTP as a marginal increase in neoplasms--i.e.,
osteosarcomas—that may be chemically related. Taken together, the two animal studies available at
this time fail to establish an association between fluoride and cancer.
There have been over 50 human epidemiology studies of the relationshi between water fluoridation
1 • 1 1 1 .11 • . f pt to Wenn s
Epidemiologi stu ies
asso
ons
between cancer rates and county or city- wide patterns of water fluoridation. Expert panels which
reviewed this international body of literature agree that there is no credible evidence of an association
:‘,11
between ei er nalragi on' •
•1'
f•
" i
"Knox, 1985). liamretation of
'exposures orto measu o er
exposure
In March of 1990, the National Cancer Institute (NCI) updated and expanded an earlier analysis of
cancer deaths, by county in the United States, to determine whether there is or is not an association
between cancer and fluoride in drinking water. The new studies evaluated an additional 16 years of
cancer mortality data, and also examined patterns of cancer incidence between 1973 and 1987 in the
Surveillance, Epidemiology and End Results (SEER) Program cancer registries. SEER, an NCI .
sponsored network of population-based cancer incidence registries, started in 1973 and represents
- -85-

about "10 percent of the U.S. population. The SEER registries were used to obtain incidence data on
all cancers, with special emphasis placed on--7.ii—
, u lds iri-a-EUPTcurrra7--Beca1rst-morta litv datao not
hology, analysis of
H
-Tearc—pa
contain information on tuThiof-s
7i—
_ osteosarcomas is limited to thc . incidence
The NCI study identified no trends in cancer risk which could be attributed to the introduction of
fluoride into drinking water. The study examined nationwide mortality data and incidence data from
counties in Iowa and the Seattle, Washington metropolitan area. There were no consistent differences
in the trends in cancer mortality rates among males and females living in counties having initiated
water fluoridation compared with the trends in rates in counties without water fluoridation. The
relative mortality rates from cancer, including cancer of the bones and joints, were similar after 20-35
years of fluoridation as they were in the years preceding fluoridation. In addition, there was no
relationship between the introduction and duration of fluoridation and the patterns of cancer incidence
rates, including those of the bone and joint, and the subset of osteosarcomas (Appendix E). For
example, there were 91 observed cases of osteosarcoma in the fluoridated areas, when 93 cases were
expected based on rates in non-fluoridated areas..
The NCI also conducted a more detailed evaluation of osteosarcomas using nationwide age-adjusted
incidence data from the entire SEER database for the years 1973-1987 (Appendix F). Osteosarcoma is
a rare form of bone cancer, the cause of which is under study. Approximately 750 newly diatmosed
ca.m.Decar_each-year in the United States, representing about 0.1 percent of all reported cancers.
Between two time periods, 1973-1980 and 1981-1987, there was an unexplained increase in the annual
incidence rates of osteosarcoma in young males under age 20 from 3.6 cases per 1,000,000 people (88
registry cases) to 5.5 cases per 1,000,000 people (100 registry cases). This compares to a decrease in
young females of the same age group from 3.8 cases per 1,000,000 people (87 registry cases) to 3.7
cases per 1,000,000 people (63 registry cases). The amount of increase. observed in young males was
greater in fluoridated than in non-fluoridated areas. Although the reason for the increase in young
males remains to be clarified, an extensive analysis reveals that it is unrelated to introduction and
duration of fluoridation.
{In studying rare cancers, such as osteosarcoma, small increases in risk, on the order of five to 10
percent, would not likely be detected. While descriptive epidemiological studies are useful in
determining whether or not there is a credible association, the qualitative nature of any association, if
L one exists, can best be determined through more refined methods, such as case-control studies.
Dental Fluorosis
Dental fluorosis has been recognized since the turn of the century in people with high exposure to
naturally occurring fluoride in drinking water. It has always been more prevalent in fluoridated than
non-fluoridated areas. Dental fluorosis only occurs during tooth formation and becomes apparent upon
eruption of the teeth. It ranges from very mild symmeUical whitish areas on teeth (very mild dental
fluorosis) to pining of the enamel, frequently associated with brownish discoloration (severe dental
fluorosis). The very mild form barely is detectable even by experienced dental personnel. Moderate
and severe forms of dental fluorosis, considered by some investigators as presenting a cosmetic
problem, do not appear to produce adverse dental health effects, such as the loss of tooth function, and
represents less than six percent of the cases of fluorosis nationally.
In the 1940s, about 10 percent of the population displayed very mild and mild dental fluorosis when
the concentration of fluoride found naturally in the drinking water was about 1 part per million (ppm).
Over the last 40 years, in areas where fluoride has been added to the drinking water to bring the total
level of fluoride to about 1 ppm (optimally fluoridated areas), there may have been an increase in the
total prevalence of dental fluorosis. In non-fluoridated areas, there is clear evidence that the total
prevalence of dental fluorosis has increased over the last 40 years.
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This is in response to your memo of April 19 requesting a review of the manuscript by
Dr. John A. Yiamouyiannis concerning fluoridation and cancer. You are correct in your
assumption that the conclusion of Dr. Yiamouyiannis with respect to individual studies, as
well as the overall conclusions about the potential relation between fluoride and cancer, are
different than those of NCI investigators. Indeed, his conclusions are at odds with those of
the authors of each of the studies he reviews as well as with the conclusions of every
qualified review panel that has addressed these issues over the last 15 years.
While the reasons for differences in conclusions based on other studies would be best
addressed by the authors of those other studies, we can address these issues with' respect to
our own work. As you recall, we did a series of extensive analyses of site specific cancer
incidence and mortality in relation to fluoridation following the report of the NTP study of
sodium fluoride administration to rodents. All of our data were submitted to the Ad Hoc
Subcommittee on Fluoride of the Committee to Coordinate Environmental Health and Related
Programs of the Public Health Service. It should be noted that in his evaluation, Dr.
Yiamouyiannis used no new data but rather based his Conclusions on only those data that had
been evaluated by the subcommittee.
Done and Joint Cancers

We conducted several analyses of incidence and mortality data for bone and joint cancers.
In two registries (Iowa and Seattle) within the Surveillance Epidemiology and End Results
(SEER) Program of population-based tumor registries, we were able to evaluate the
relationship of incidence of these tumors and osteosarcoma, which is a subset of all bone and
joint cancers, to duration of fluoride exposure while controlling for age, calendar time and
geographic area. We saw no indication of any relationship between duration of exposure and
risk of either bone and joint cancer or osteosarcoma in the total, in either males and females,
or among young males.

JUN 04

'93 07:56A11 OD/DCE/NCI 301-496-1297

P. 3

Page 2
We also updated our previous analysis of mortality patterns, comparing counties throughout
the United States that underwent rapid and extensive fluoridation in a relatively short period
of time to counties that remained non-fluolidated. Observed mortality from bone and joint

cancers in the fluoridated counties was compared to that expected based on the age, race, sex,
time, and region specific mortality rates prevailing in non-fluoridated counties. Because
mortality data are available for a much longer period of time than incidence data, we were
able to compare these observed-to-expected mortality ratios for the fluoridated counties from
35 years before fluoridation to 35 years following fluoridation. Again, we saw no patterns
that related to either the onset or duration of fluoridation.
Finally, we evaluated incidence patterns in the entire SEER program of registries. Since all
of the registries with the exception of the two evaluated above covered areas that were either
all fluoridated, all non-fluoridated or a mixture which would not qualify under either
definition, this analysis did not allow us to control for area in developing expected rates for
the fluoridated areas. When the incidence data were broken into two time periods, an overall
18% rise in the rate of osteosarcorna among males was notex I, which was derived primarily
from a 53% rise in those under age 20. When the patterns were evaluated in "fluoridated"
and "non-fluoridatod" areas, the increases were more prominent in the "fluoridated" areas. On
further analysis, however, these increases were unrelated to either the timing or duration of
fluoridation. For example, the increases were greater for a group of counties fluoridated prior
to 1955. For this group one would expect to see no influence of fluoridation, since all
persons under 20 in both time periods would have been exposed for their entire lifetimes.
When the entire data were systematically evaluated by analyzing the ratio of observed-toexpected incidence in fluoridated areas by duration of fluoridation, there was no evidence of
an increase in incidence ratios by duration of fluoridation. For os-teosarcomas, there was even
some evidence of a decline in the ratio with duration of fluoridation.
Dr. Yiamouyitmnie reevaluation of our data igutne t. the analysis of the two WM. areas'
incidence data and the mortality analysis. He focuses exclusively on the all SEER areas' data.
Rather than evaluate total and sex-specific patterns, he estimates a difference in rates between
males and females and then attempts to interpret the differences between these measures in
fluoridated and non-fluoridated areas (a difference of differences). Most of the observations
he makes arc not different from our own, and priuutrily reflect the increase in osteosarcoma
rates in yotmg males in fluoridated areas, as noted above. However, there is a large body of
evidence uidicating that fluoridated areas are substantially different from non-fluoridated areas
for an Wire range of variables which are related to cancer risk. Thus, a simple comparison
of. rates in fluoridated versus non-fluoridated areas is almost never appropriate. For an
appropriate analysis, one needs to control foi these area differences in cancer risk factors.
While not perfect, time-trend and duration-response analyses have proven useful for this
purpose in many circumstances. In no instance does Dr. Yiamouyiannis attempt to relate
these patterns to the precise timing and . duration, of fluoridation.
In the few instances where an observation by Dr. Yiamouyiannis is actually at variance with

one of ours, it scans to be attributable to his use of sex differences in rates versus a simple
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evaluation of sex-specific patterns. We believe the use of the sex-difference measure is a
flawed method of analysis. On an a-priori basis it is flawed since using females as controls
for males in any disease investigation is suspect, particularly for a disease with a marked sex
difference such as bone tumors. This seems even more unusual in the present context since
Dr. Yiamouyiarmis goes to some extent to indicate why a fluoride effect might only be seen
in males. If this is accepted for one exposure, it would seem plausible that others would
show substantial gender differences also Another difficulty with the sex difference measure
is that it obviously represents a mixture of effects rather than a specific effect. For example,
in Table 1 of Dr. Yiarnouyiannis manuscript he notes a difference in these sex differences of
0.19 for the time period 1973-80. Looking at the raw data, one notes that there is only a
slight difference in the rate for males in fluoridated versus non-fluoridated areas while the rate
for females is substantially higher in the non-fluoridated areas than in the fluoridated areas.
Indeed, over 75% of the difference of differences of 0.19 comes from the excess among
females in non-fluoridated areas. I sin not suggesting that this measure really indicates that
fluoride protects against bone tumors in females, but rather pointing out the hazards of using
a measure that incorporates a mixture of effects.
Thus, we believe an appropriate analysis of the available data on bone cancer incidence and
mortality shows no patterns that indicate any relationship between the timing or duration of
fluoride exposure and the risk of these tumors. This is true whether one considers the entire
population, males only, or young males only. These were our conclusions from our own
analyses and the conclusions of the Ad Hoc Subcommittee on Fluoride. We see nothing in
Dr. Yianouyiannis. evaluation that would change these conclusions.
Oral Cancer

Dr. Yianouyianniss evaluation of our analyses of cancers of the oral cavity and pharynx is
quite brie Here he does not propose a new method of analysis, but simply points out that
weighted averages of observed-to-expected ratios of incidence of these malignancies in our
two-center study yield some evidence of an inconsistent rise in these ratios with duration of
fluoride exposure.
In evaluating our own data, we recognized the value of being able to look for consistency of
any findings in subgroupings of the total data set For oral cancer incidence, we were able to
evaluate observed-to-expected ratios by duration of fluoridation in both sexes and in both .
SEER geographic areas (Iowa and Scattic). An increasing trend (actually a lower risk in the
<5-year category .which rose to a plateau for the next four duration groupings) was seen for
males in Iowa, but this pattern was not seen for males in Seattle or for fon:Lies in either area.
Since for this malignancy there was no reason to expect a sex- or area-specific finding, we
interpreted this inconsistency as evidence against any underlying biologic relationship.
Mortality data for this site were also evaluatedin the "same manner as described above. This
was particularly useful since we were able to assess trends in observed-to-expected ratios for
extended periods of time before. and after fluoridation and to base this evaluation on over
46,000 deaths in fluoridated regions and Over 24,040 deaths in control regions. Overall,
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mortality from oral cancer was somewhat higher in fluoridated counties than in nonfluoridated counties. Indeed, this excess was around 30%, similar to the overall excess in
incidcnoe noted by Dr. Yianouyiannis. However, this excess was evident in the study

counties for 30 years prior to their becoming fluoridated, as well as afterwards. Thus, the
lack of any effect on oral cancer mortality and the restriction of an effect On incidence to one
of four sex - area groups indicated to us that there were no patterns consistent with an effect of
fluoridation.
Total Cancer Mortality

For many years, Dr. Yianouyiannis has been claiming that fluoride causes a vertible diathesis

of cancer which can be seen in overall cancer mortality rates. He again presents data which
proport to show this in his Table 11. No explanation of the methods involved is given in this
manuscript.
The inne of overall cancer mortality has been the subject of numerous studies of the effects
of fluoridation and has been reviewed by many expert review panels. The results have been
iciutukebly consistent in finding that when analyses are properly conducted, no patterns are
seen which can be attributed to the introduction and duration of water fluoridation. Our
update of cancer mortality data provide one more strong replication of this result. When we
coinpared the overall cancer mortality in rapidly fluoridated counties to that expected based
on rates on non-fluoridated counties, controlling for age, calendar time and geographic region,
we saw nu evidence of a positive relationship with fluoridation in either men or women.

Overall, total cancer in fluoridated counties tended to be higher than that expected based on
rates in non-fluoridated counties. However, these elevations were present for the years .
preceding fluoridation as well as after. In fact, the observed-to-expected ratios were actually
somewhat lower in the 35 years following fluoridation than they were in the 35 years
precrAbus it.
A few final comments are appropriate. Analyses to date have failed to find evidence of
cancer patterns consistent with a fluoridation effect and , thus, have not ventured beyond

control for age, race, sex, time period and region. However, in most instances, both the
disease rates themselves and direct comparisons of sociodemographic and other variables have
indicated that fluoridated-areas and non-fluoridated areas are very different from each other
with respect to variables that are known to be related to cancer risks. Thus, if any evidence
of -a positive.relationship between cancer risk and fluoridation ever does emerge from a
credible study, other covariates would need to be controlled before concluding that
fluoridation itself needed flutter scrutiny. In addition, the studies to dare of any meaningful
size have all been ecologic studies. That is, exposure and disease information is evaluated for

aggregate populations and not for individuals. While such studies are considered appropriate
cuspicion, they are virtually never strong enough methodologically to result in
causal interpretations and intervention recommendations. Thus, if any credible analysis does
generate a hypothesis about fluoridation and cancer risk, the appropriate next step would be
an analytic study of the hypothesis with exposure and covariate information collected for
trt genente
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individuals. Finally, Dr. Yiamouyiannis and other antifluoridationists spend enormous
amounts of time attempting to link adverse health effects with fluoridation. Given enough
attempts, someone should be able to link something with fluoridation in some group using
some methodology. Responding to each such attempt would seem less useful than periodic
systematic reviews of all of the evidence by qualified panels of experts that can assess the
quality of the work and the resultant weight of the evidence. The last such review reached
the same conclusion as those preceding it, that "optional fluoridation of drinking water does
not pose a detectable cancer risk to humans".

. Hoover, M.D.
1•4•‘.. ‹.•
Susan DeVesa, Ph.D.
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PREFACE
There is ample evidence, from many places and over many years, that fluoridatior
of the public water supply leads to a substantial reduction in dental caries, with al.
that means in prevention of suffering, inconvenience and unnecessary cost. It car
be shown that the beneficial effect of fluoride is significant, whatever ()the)
measures are taken in relation to sound nutrition and preventive dental practice
There are several other ways in which fluoride can be used in the prevention o:
dental caries but each of the alternatives has substantial disadvantages compare(
with the fluoridation of water.
The justification for such a measure as the addition of fluoride to the watei
supplies of entire communities must rely on strong scientific evidence pointing no
only to its effectiveness but to its safety, even though the recommended level in tht
public water supply is similar to that yielded by many natural sources. From tht
first, therefore, the safety of the fluoridation of water to the optimum concentratior
(1 milligram per litre) has been a paramount consideration, and fluoridatim
programmes were both preceded and accompanied by investigations of the heald
of populations exposed to fluoride in water. Allegations that fluoridation cause:
cancer have naturally given rise to great public concern. The present Report of th(
Working Party on the Fluoridation of Water and Cancer* draws together the maw
relevant epidemiological stuclies, including several analyses commissioned by th;
Working Party itself. The Report concludes that there is nothing in this extensiv(
range of studies, covering altogether very large populations, to suggest tha
fluoride or fluoridation "is capable of inducing cancer or of increasing tht
mortality from cancer". Indeed the Report goes further and states that in view o
the very large human populations which have been observed it can be conclude(
that "in this respect the fluoridation of drinking water is safe". The opposit(
opinion is still voiced in some quarters but the Report demonstrates that elementar.
misinterpretations of the facts are responsible for that conclusion.
. The epidemiological studies reviewed by the Working Party provide the mos
direct evidence for the examination of the hypothesis that fluoridation cause
cancer in man. Indeed, largely because of the extensive human data available oi
fluoride exposure, there has been relatively little work done on the effects o
fluoride on cancer in animals A more extensive body of research has been carrie
out using short-term animal tests, and tests with tissue culture systems, of a kin
which can be relevant both to heritable abnormalities and to cancer.
Authoritative advice on all aspects of the evidence, in relation to the addition a
fluoride to the drinking water of whole communities to achieve a concentration a
1 milligram per litre, has recently been obtained from the Department'
independent expert scientific advisers. They considered all the available evidenc
on the biological effects of fluoride in short-term tests, and animal carcinogenicit
tests, as well as the direct and extensive studies of human populations reviewed i
the present Report. They concluded that there is no evidence leading to a
expectation of hazard through the induction of heritable abnormalities, and n
reliable evidence of any hazard to man in respect of cancer.
Throughout the world 260 million people (5 million within the UK) receiv
water to which fluoride has been added. Fluoridation is nearly forty years old an
has been practised in the UK for nearly 30 years. The wealth of evidence which h2
been gathered and assessed during this period, including that presented in th:
report, justifies the conclusion that fluoridation is a safe and effective method (
reducing dental decay.
E. D. ACHES01
CHIEF MEDICAL OFFICE.
31, l2. 8

SUMMARY AND CONCLUSIONS

1. INTRODUCTION
Origins of the Enquiry

S.1 The most recent general review in the United Kingdom of the evidence
on the health effects of the fluoridation of water supplies was undertaken by
the Committee of the Royal College of Physicians of London in 1976. The
review concluded that fluoridation is safe, and in particular that "there is no
evidence that fluoride increases the incidence of mortality in any organ".
S.2 Since the College Committee reported, the results of a number of new
epidemiological investigations have become available, and the authors of
some of the studies have claimed that increased cancer rates are associated
with fluoridation. This Working Party was therefore set up to undertake a
fresh review of the epidemiological studies.

Terms of Reference

S.3 The terms of reference of the Working Party were:
'to reappraise the published and otherwise available data and
conclusions on cancer incidence and mortality amongst populations
whose drinking water is either artificially fluoridated or contains high
levels of fluoride from natural sources'.

2. A SHORT HISTORY
OF THE
FLUORIDATION AND
CANCER ISSUE

S.4 Fluoridation of water supplies commenced in 1945 in the United States
and Canada. Early trials in relation to the prevention of dental caries were
accompanied by investigations of the rates of other diseases in fluoridated
communities, and in populations in whose drinking water fluoride was
present naturally. The results gave no reason to suspect any connection
between fluoridation to the recommended concentration and any non-dental
9•;ease , including cancer.
.1
S.5 In 1975, two investigators (Yiamouyiannis and Burk) concluded from an
initial analysis that cancer mortality in the United States had increased as a
result of fluoridation, a conclusion which they believed to be substantiated in
their subsequent studies of cancer rates. Other investigators attributed this
finding to technical deficiencies in the method of analysis and, on revising and
extending the analyses, concluded that there was no evidence of an
association between fluoridation and cancer.
- S.6 In the United Kingdom, monitored local trials of fluoridation began in
1955 with no evident ill-effect, and subsequently several major areas were
fluoridated. From 1979, Burk claimed that the fluoridation of Birmingham in
1964 had increased cancer mortality in that city. As in the United States, other
authors pointed to technical deficiencies in these analyses and, on revising
and extending them, found no association.
•

3. THE AMERICAN
STUDIES OF
YIAMOUYIANNIS AND
BURK — (A)
COMPARISONS OF
CANCER RATES FOR
A SINGLE PERIOD

The early studies by Yiamouyiannis and Burk compared cancer death
rates, aggregated over a twenty-year period, in populations living in
fluoridated and non-fluoridated areas. The authors claimed that the mortality
from all cancers combined, and from certain cancers in particular, wa5
greater in the fluoridated areas.
S.7

S.8 We have found that these analyses failed to consider the effects of othei
cnri al and envirrm mental differenrec between the orniinc in the. rnmna ri sons

selected, and the analytical techniques displayed errors and questionable
procedures.
S.9 We conclude that these studies did not provide a reliable indication of any
association between fluoridation and cancer mortality. The investigations
have been superseded by the subsequent studies of the trends in cancer death
rates, by the same two authors and centred around the same communities.

4. THE AMERICAN
STUDIES OF
YIAMOUYIANNIS AND
BURK — (B) STUDIES
OF TRENDS IN
CANCER RATES

S.10 Yiamouyiannis and Burk next explored the changes in cancer death
rates over time, comparing ten fluoridated cities with ten non-fluoridated
cities; four main types of analysis were presented.
S.11 First, crude cancer death rates were estimated for successive years for
the two sets of cities. Both sets of cities initially showed a similar progressive
increase, but the patterns began to diverge at about the time that fluoridation
began, so that the set of fluoridated cities subsequently had a higher average
crude cancer death rate than the set of non-fluoridated cities.
S.12 Conclusions based on the analysis of crude rates are notoriously
unreliable, because the analysis ignores important characteristics of the
populations under consideration, such as the proportions of old people, and
of people of each sex and of different races. Each of these characteristics is
known to influence cancer mortality, and the influence of age in particular is
profound. The changes which occurred over time in these important
characteristics of population structure were substantially different in the two
sets of cities, and the initial analysis of crude cancer death rates took no
account of these differences.
S.13 The second analysis presented by Yiamouyiannis and Burk was of
cancer. rates in four broad age-groups. The pattern of change shown in the
earlier investigations was found to be limited to the two oldest age-groups; 4564 years, and 65 + years. In the third analysis, these age-specific rates were
combined by the method of direct standardisation.
S.14 These two additional analyses were also inadequate. The age-bands
were too broad, and the interacting influences of age, sex and race on cancer
mortality were not taken into account; further, the results for the 45-64 agegroup were distorted by an important error in the data. Finally, the test of
statistical significance used by the authors was inappropriate. A correctly
used test has subsequently demonstrated that the reported differences
between the average trends in cancer mortality for the two sets of cities were
not exceptional — that is to say, they could easily have arisen as a consequence
of the wide variation in the cancer rates for the individual cities, irrespective
of fluoridation.
S.15 In the fourth series of analyses presented by Yiamouyiannis and Burk,
age, sex and race were taken into account using an adaptation of the method
of 'indirect standardisation'. The authors again concluded that cancer
mortality was higher in the fluoridated cities, and that fluoridation was the
cause. Their method of calculation, however, depended on unreliable
estimates of population numbers, and their results differed from those of
other investigators who based their analyses on accurate census data.
S.16 Yiamouyiannis and Burk failed to conduct a test of statistical
significance. As with the earlier analysis of age-specific rates, a correctly

not exceptional, and could easily have arisen as a consequence of the wide
variation in the cancer rates for the individual cities, irrespective of
fluoridation.
S.17 We conclude that each of these analyses by Yiamouyiannis and Burk
were defective. None justifies their conclusion that fluoridation affects
cancer mortality.
5. STUDIES OF THE
"20 UNITED STATES
CITIES" BY OTHER
AUTHORS

S.18 The trends in cancer mortality, for the same cities and same period
considered by Yiamouyiannis and Burk, were reanalysed in several studies.
All of the authors took account of the influences of age, sex and race on cancer
rates by using the routine method of indirect standardisation. These analyses
were primarily based on population data for census years, and not on the less
reliable estimates used by Yiamouyiannis and Burk for other years.
S.19 Yiamouyiannis raised a number of objections to the methods used in the
initial reanalyses. He criticised the choce of the 'standard' population used in
the standardisation procedure, the validity of the use of 1970 data for 'nonfluoridated' cities which had in fact been fluoridated for several months by
that time, and the use of indirect rather than direct standardisation. Although
it seemed unlikely that the results would be altered substantially, later
investigators thoroughly explored the effects of modifications in these and
other details of technique.
S.20 In none of these studies, including a series of reanalyses commissioned
by us, were there any significant differences in mortality between the
fluoridated and non-fluoridated cities, for cancers of all sites combined, other
than those which were attributable entirely to demographic differences.
Indeed, the only statistically significant difference found throughout all the
studies of trends in these cities (including the studies by Yiamouyiannis and
Burk) was the greater decrease in the standardised rate for genital cancers in
the fluoridated cities, in the analysis, commissioned by us, of specific groups
of cancers. Occasional results of this nature, unconfirmed in other studies,
are to be expected when a large number of .comparisons are made; such
chance associations are not evidence of an effect of fluoridation.

14.OTHER STUDIES IN
THE UNITED STATES.

S.21 The safety of fluoridation was investigated in many other populations
in the United States. Cancer mortality and incidence were .examined in
populations in whose drinking water fluoride had always been naturally
present, or had increased following fluoridation. None .of these studies
revealed an effect of fluoride or fluoridation on cancer rates.
S.22 An apparently positive association, between fluoridation and stomach
cancer in males, arose in one study only. As with the finding, noted in
paragraph S.20, of a negative association with genital cancers, this result has
not been confirmed by the other studies, and therefore is not to be regarded
as evidence of a real effect.

15.STUDIES IN THE
UNITED KINDOM.

S.23 The early investigations in the United Kingdom concentrated on
communities in whose drinking water fluoride occurred naturally. There
were no associations with cancer, except for a possible excess of stomach
cancer in part of one study. This finding was restricted to a group of three
areas out of eighteen high-fluoride areas. The authors of the study concluded
that fluoride was unlikely to be the cause.

S .25 No association with cancer was found in any properly conducted studies
of artificially fluoridated areas in the United Kingdom. Burk claimed
otherwise, but we concur with other commentators in finding his methods of
analysis to be wrong, and his conclusions false.
8. EPIDEMIOLOGY IN S.26 Studies from ten other countries are available. The only conclusion of
OTHER COUNTRIES. an association between fluoridation and cancer, from Canada, was based on
an incorrect analysis of crude death rates. It was confirmed neither by the
other Canadian studies, including an extensive investigation of communities
fluoridated for up to 28 years, nor by appropriate analyses of cancer rates in
Australia and New .Zealand.
S.27 We have reviewed studies of cancer rates in relation to fluoride
ISCUSSION Aistro
NCLUSIONS; naturally present in drinking water and in relation to fluoridation of water
supplies. We have foundno evidence in these studies to suggest that fluoride
or. fluoridation is associated with increased cancer rates. Conclusions to the
• opposite effect, by others, arose either from failure to allow adequately for
important demographic and socioeconomic differences between the
compared populations, or from failure to take account of the range of cancer
rates commonly observed irrespective of fluoridation. When cancer rates
were analysed to take account of these matters, the patterns within fluoridated
and non-fluoridated communities were found to be almost identical. Indeed,
the populations with greater exposure to fluoride in water tended to have
slightly lower rates of cancer mortality and incidence.
S.28 The available studies of artificially fluoridated communities cannot yet
exclude a long-delayed effect — that is, an effect with a latency greater than
twenty years from the initial exposure. However, studies of communities
whose water supplies contain fluoride of natural origin.would be expected to
reveal long-term effects, and yet have not done so. This strongly suggests that
artificial fluoridation will continue to be as safe in the very long-term as it has
been shown to be in the four decades since its inception. It will of course be•
prudent to test the point directly, by continued surveillance of cancer rates in
fluoridated areas.
S.29 Conclusions.
I) We have found nothing in any of the major classes of epidemiological
evidence which could lead us to conclude that either fluoride occurring
naturally in water, or fluoride added to water supplies, is capable of
inducing cancer, or of increasing .the mortality from cancer. This statement
applies both to cancer as a whole, and to cancer at a large number of specific
sites. In this we concur with the great majority of scientific investigators
and commentators in this field. The only contrary conclusions are in our
view attributable to errors in data, errors in analytical technique, and e rrors .
in scientific logic.
ii) The evidence permits us to comment . positively on the safety of
fluoridated water in this respect. The absence of demonstrable effects on
cancer rates in the face of long-term exposures to naturally elevated levels
-of fluoride in water: the absence of any demonstrable effect on cancer rates
following the artificial fluoridation of water supplies: the large human
populations observed: the consistency of the findings from many different
sources of data in many different countries: lead us to conclude that in this
respect the fluoridation of drinking water is safe.
iii) The routine monitoring of public health has been an important feature
of many fluoridation programmes, and has contributed to the confidence
AI,;th
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SUMMARY OF STUDIES AND EVALUATIONS SINCE 1976
REFUTING ALLEGATIONS OF AN ASSOCIATION BETWEEN
CANCER AND WATER FLUORIDATION

Since 1976, there have been numerous new published studies and evaluations
of morbidity-mortality trends in the United States and other countries that
confirm earlier published research on fluoridation and the public health.
Rate trends in cancer and other diseases in fluoridated and nonfluoridated
areas have been calculated and compared through recognized standard epidemiologic methods by the National Cancer Institute, the National Heart, Lung,
and Blood Institute, the Centers for Disease Control, the U.S. National
Academy of Sciences, National Health and Welfare (Canada), and other highly
competent research organizations. Their published conclusions indicate that
there are no confirmed trends in mortality rates in fluoridated areas that
could be associated with natural or adjusted fluoridation at the recommended
SImmaries of recent studies, evaluations, Mid review articles
concentrations.
1are enclosed.
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The enclosed data were compiled and summarized as a joint endeavor by the
Office of Scientific Reports of the National Institute of Dental Research
(National Institutes of Health) and the Dental Disease Prevention Activity
(Centers for Disease Control).

Dental Disease Prevention Activity
Center for Prevention Services
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Myers, D.M., Pleuckhahn, V.D., and Rees, A.L.G. (Committee of Inquiry Into
Fluoridation of Victorian Water Supplies): "Report. . .for 1979-80," Melbourne,
Victoria, Australia, F.D. Atkinson, Government Printer, 1980, pp. 115-25, and
Appendixes 4 and 5.
SUMMARY:
A review of the past 7 years of scientific studies has revealed no new
evidence challenging fluoridation's safety , or effectiveness in reducing
dental caries.
The study encompassed data from dental health organizations in Australia,
the United States, Canada, South Africa, and England, as well as submissions
from individuals and groups, mainly from Australia, both supportive of and
opposed to fluoridation. Four non-dentist scientists evaluated the material
and testimony and issued the report.
Commissioned in Marcb 1979, the Committee of Inquiry Into the Fluoridation
of Water Supplies told the 'Victorian state Parliament it had received much
evidence which it considered opinionated and without scientific merit.
The purpose of the study was to examine new scientific evidence concerning
fluoridation of water available since the enactment of a noncompulsory fluoridation act in 1973. Victoria is the second largest of the six Australian
states, with a population of 3.8 million people.
The panel's conclusions were:
.1. There is overwhelming evidence that regular ingestion of water
containing fluoride is an effective measure in reducing the incidence
of dental caries.
...The cariostatic effect of such ingestion in early life will be carried
through adult life, but even so, continued ingestion during adult
life adds further benefit.

4
3. The beneficial effects of fluoride are greatest when optimal intake
starts in early life.
4. Fluoridation of water supplies is the safest, most economical, and
effective known way of distributing fluoride to a community.
5. Assertions that fluoridation of water supplies at recommended levels

has toxic, carcinogenic, mutagenic, teratogenic, or allergenic effects
on humans are not supported by sound, scientific evidence. There is
no evidence that fluoridation at recommended levels has any harmful
effect.

' REFERENCE 2:
Goodall, C.M., and Foster, F.R.: "Fluoridation and Cancer Mortality in
New Zealand," New Zealand Medical Journal 92:164-67, August 27, 1980.
SUMMARY:

This paper reviews briefly the principal scientific literature concerning
cancer and fluoridation and presents new information about cancer mortality
in two population groups in New Zealand served by fluoridated or unfluoridated public water supplies. In this article, we refer only to the important
questions of a possible link between fluoridation and human cancer. We are
not advocating continuance or discontinuance of fluoridation as such.
Fluoridation of municipal water supplies in New Zealand was first introduced
in 1954, and by 1975, approximately 54 percent of the New Zealand population
was receiving fluoridated water. Over 80 separate water supplies were fluoridated by then,.under the control of about 70 independent regional authorities,
with a few smaller supplies controlled by various departments of state.
We concluded from the study of 1961 and 1976 New Zealand cancer mortality
data that there was no support for the assertion that fltiortoatton ot
water supplies resulted in any increase in cancer mortality. On the contrary,
there was some evidence that the rate of increase in cancer mortality over
the 15-year period 19611976 had been greater in unfluoridated areas than
that occurring in areas with fluoridated water supplies.
Claims that fluoridation of the municipal water supply causes cancer in •
humans have not been substantiated by independent.objective studies in the
United States of America, Canada, or New Zealand. After thorough re-examination of the earlier publications from other countries, and our own study
of data available for the New Zealand population, we consider the 1976
statement of the Royal College Of Physicians more than ever justified:
"There is no evidence that fluoride increases the incidence or mortality
of cancer in any organ."
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REFERENCE 3:
Strassburg, M.A., and Greenland, S. "Methodologic Problems in Evaluating the
Carcinogenic Risk of Environmental Agents," Journal of Environmental Health
41:214-17, January-February 1979. (Acute Communicable Disease Control,
Los Angeles Department of Health Services, 313 North Figueroa Street,
Los Angeles, California 90012).
SUMMARY:*
In recent years, scientific papers dealing with potential environmental
carcinogens (cancer-causing substances) have appeared with increasing frequency.
Many of these papers contain statistical analyses in which objectivity has
not always been of primary concern. Sometimes the bias in the presentation
is so pervasive and obvious that the mistaken logic is readily seen; other
times the analysis may be biased by subtle methods of manipulation which
only experts can detect easily. Unfortunately, the reader is called on to
evaluate and interpret more and more sophisticated methodological and statistical techniques. Many papers are accepted by the scientific community and
the public in general without the proper scrutiny which should be given any
scientific investigation. The discussion presented here evaluates a paper
from the National Health Federation (NHF) for the purpose of pointing out
several pitfalls of data analysis which may occur.*
The NHF paper discussed provides clear examples of the most commonly committed
errors in the analysis of mortality data on human populations. Though the
paper claimed to have rallied impressive evidence linking cancer and fluoridation, it, in fact, failed to provide any evidence capable of withstanding
careful scrutiny. Our critique does not and is not meant to provide an
argument that fluoridation is safe or that it is not carcinogenic. However,
because in the future we can expect the appearance of many studies claiming
to have found a link between an environmental agent and disease, we have
endeavored to present an often neglected part of the scientific standard
against which any such investigation should be judged.
SELECTED EXCERPTS:
There are other considerations to be made in evaluating research papers. For
'example, authors frequently cite a large number of references as supportive
of their findings. These references may have been poorly screened and may
• have limited relevance.. The National Health Federation, paper. concludes that
. fluoride and cancer are linked in humans, even though many of the references
are studies performed on invertebrates and plants involving massive doses
of fluoride.
*National Health Federation (John A. Yiamouyiannis, Ph.D.): "A Definite Link
Between Fluoridation and Cancer Death Rate," March 25, 1975, .9pp. (circulated,
not published).
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REFERENCE 4:
Minnesota Governor's Commission on Fluoridation: Report, February 26, 1979,
Office of the Governor, 130 State Capitol Building, St. Paul, Minnesota 55155.
SUMMARY:
With regard to potential adverse health effects of fluoridation, the Commission

finds that the claims that fluoride is allergenic, mutagenic, or carcinogenic
are not supported by the preponderance of available scientific data.
•
SELECTED EXCERPTS:
The Commission is aware of the recent decision of Judge Flaherty in the case
of Aitkenhead v. Borough of West View Water Authority, in the Court of Common
Pleas of Allegheny County, Pennsylvania, Civil Division. Substantially the
same body of scientific literature was available to the Commission as to the
trial court in Pennsylvania; in addition, the plaintiff's summary of evidence,
the defendant's summary of evidence, Judge Flaherty's opinion, and the
transcript of the proceedings were available to the Commission. In ruling
in favor of the plaintiff, Judge Flaherty appeared to place primary reliance
on the study of Drs. Yiamouyiannis and Burk (1977). Although the Commission
has examined the same body of evidence as did Judge Flaherty, the Commission
has come to the opposite conclusion: an association between fluoridation
and cancer has not been shown. The Commission is of the opinion that if
accepted methods of adjustment, including the use of Standardized Mortality
Ratios, are used, the fluoridation —cancer link is not supported.
It is the view of the Commission that the available evidence does not suggest
that fluoride (1 mg/liter) is a causal factor in human cancer.

REFERENCE 5:
Newell, D.J.: "No Association Between Fluoridation and Cancer Deaths,"
paper presented at National Symposium on Water Fluoridation, South African
Department of Health, Pretoria, South Africa, October 1979 (Department of
Medical Statistics, University of Newcastle Upon Tyne, England).
SUMMARY:

Many authorities state that there is no association between fluoridation of
water supplies and cancer deaths. This paper reanalyses data of Burk and
Yiamouyiannis, and shows that the difference they found in cancer mortality
in fluoridated and unfluoridated U.S. cities can be completely explained
by the age, race, and sex structure of those cities. Further investigation
of other analyses of Burk and Yiamouyiannis shows that they ignore the
scientific methods long . established by epidemiologists and that there is no
substance to their claim that fluoridation causes cancer.
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REFERENCE 6:
Rogot, E., Sharrett, A.R., Feinleib, M., and Fabsitz, R.R.: "Trends in
Urban Mortality in Relation to Fluoridation Status," American Journal of
Epidemiology 107:104-12, February 1978. (Epidemiology Branch, National Heart,
Lung, and Blood Institute, Bethesda, Maryland 20205).
SUMMARY:
Mortality trends from 1950 to 1970 were studied for 473 cities in the
United States with populations of 25,000 or more in 1950, according to fluoridation status of their water supplies. Findings showed no relationship
between fluoridation and observed changes in general mortality over the
20-year period. Also, no relationship was found between fluoridation and
heart or cancer death rate trends.
SELECTED EXCERPTS:
The safety of this public health measure with respect to mortality was
established by studies conducted during the 1940's and 1950's of communities
with naturally high fluoride content. More recent studies of limited geographic areas have continued to show no adverse effects of naturally occurring
fluoride in drinking-water on mortality or on cardiovascular disease.
Evaluation of possible health effects in cities which introduced fluoride
for caries control is limited to a morbidity survey in Newburgh versus
Kingston, New York, and mortality studies involving 28 cities fluoridated
before 1954 and 12 matched Pennsylvania cities. A study of cancer mortality
and incidence for U.S. counties from 1950-1969 showed no trends attributable
to fluoridation. Similarly, a recent report comparing 10 fluoridated cities
with 10 nonfluoridated cities showed that fluoridation was not associated.'
with an increase in cancer mortality.
Some opponents of fluoridation have singled out particular cities which
showed increased mortality rates following the introduction of fluoridation.
Since it is always difficult to assess the representativeness of areas of
limited geographic extent, we undertook to study the experience of all cities
for which data were available and Which were of sufficient size to-yield
fairly stable estimates of mortality rates.

REFERENCE 7.:
J.D., Centers for Disease Control, Chronic Diseases Division,
"Morality in Selected Cities with Fluoridated and Non-Fluoridated Water
Supplies," New England journal of Medicine, Vol. 298:1112-1116, May 1978.
SUMMARY:
Earlier-attempts by Burk and Yiamouyiannis.to show a relationship between
community water fluoridation and cancer mortality failed to properly adjust
for factors such as age, race, and sex. Their subsequent efforts to remedy
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these faults in methodology added but slight improvement to the validity of
the report. The conclusions of Burk and Yiamouyiannis still were not supported
by these later reports. However, the renewed charges did suggest the need
for an updated investigation of U.S. mortality rates in relation to community
water fluoridation.
The findings presented in Dr. Erickson's study further substantiate the
safety of fluoridated community water supplies:

Mortality rates--for blacks and whites only--in 24 cities with
fluoridated and 22 with nonfluoridated water supplies in the
United States, were compared for the years 1969-1971. During
these 3 years, 570,671 deaths occurred in the cities with fluoridated water; the 1970 reference population in those cities was
15,972,817. The figures for the cities with nonfluoridated
water were 351,053 and 11,106,746 respectively, so that the
crude death rates for all causes were 1,190.9 (fluoridated)
and 1,053.6 (nonfluoridated) per 100,000 person-years. Adjustments for age, sex, and race reduced differences for some
causes and removed them for others. Further correction, using
analyses of covariance for city characteristics that influence
mortality, gave adjusted death rates for all causes of 1,123.9
and 1,137.1, and for malignant neoplasms 195.3 and 196.9, in
the cities with fluoridated and nonfluoridated water respectively. No evidence of a harmful effect of fluoridation was
found.

REFERENCE 8:
National Health and Welfare, Canada, Health Protection Branch: "Fluoridation
and Cancer," Information Directorate, National Health and Welfare, Ottawa,
Canada, 1978.
SUMMARY:
The purpose of the investigation reported here is to examine data for cancer
mortality in Canada in relation to the known history of fluoridation in this
*country.. This has been accomplished by a retrospective study of cancer mortality in 100 Canadian cities during the period 1954*to 1973.
No appreciable differences in death rates from all types of cancer or any.
specific tumour site were indicated between fluoridated and nonfluoridated
municipalities over this period, nor were any significant differences apparent
between death rates from all types of cancer when compared within the same
group of municipalities prior to and after fluoridation.
SELECTED EXCERPTS:
In 1975, ' it came to our attention that an organization in the United States
known is the National Health Federation had claimed that a relationship
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exists between fluoridation of drinking water and increased incidence of
cancer among those consuming the water. The National Health Federation is
a private organization, the primary role of which appears to be to lobby
intensively against fluoridation.
In support of the allegation that fluoridation causes cancer, the National
Health Federation has published brochures summarizing studies attributed to
Dr. John Yiamouyiannis in which mortality rates from cancer were compared
for the 10 largest cities in the United States in which no fluoride is added
to the water.* Subsequently, Dr. Dean Burk has used similar data at a number
of public meetings, many of which have received considerable publicity.
Unfortunately, neither of these individuals has published full details of
their investigations in scientific or medical journals, so that it is difficult
to assess the scientific validity of their conclusions.

However, Yiamouyiannis and Burk based their conclusions on statistical information published by the National Cancer Institute (NCI) in the United States.
Statisticians of the NCI have carefully analyzed the same information and
were unable to reach similar conclusions; they pointed out that marked
differences existed between the two groups of cities in terms of population, age, race, and sex and that these had been overlooked. Other groups
of statisticians and epidemiologists have subsequently examined the same
data and reached similar conclusions to those reached by officials of the
NCI. Of particular note are studies conducted by Oldham and Newell on
behalf of the Royal Statistical Society of Great Britain, and by Doll and
Kinlen. Additional shortcomings in the statistical methods used by Burk and
Yiamouyiannis have recently been published.
*(with mortality rates for 10 large fluoridated cities)

REFERENCE 9: .
Doll, R., and Kinlen, L.: "Fluoridation of Water and Cancer Mortality in
the U.S.A.," The Lancet 1:1300-02, June 18, 1977 (Department of Regius
Professor of Medicine, Oxford University, Radcliffe Infirmary, Oxford,
England 0X2 GHE).
SUMMARY:
Authoritative statements that fluoridation of public water supplies is not
associated with any increase in cancer have been challenged on the basis
of data which, it is claimed, show that cancer mortality in the United States
rose more sharply in cities with fluoridated water than in those without.
However, during the period of study (1950-70) the population structures of
these cities changed substantially. When account is taken of age, sex, and
ethnic group the ratio between observed cancer mortality and expected cancer
mortality fell slightly in the cities with fluoridated water and did not
change in the nonfluoridated cities.
SELECTED EXCERPTS:
The American evidence, when analyzed in detail, is 'consistent with the

British evidence that was examined earlier by one of us. None of it provides
any reason to suppose that fluoridation is associated with an increase in
. cancer mortality, let alone causes it.
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. REFERENCE 10:
Oldham, P.D., and Newell, D.J.: "Fluoridation of Water Supplies and Cancer-A Possible Association?" Applied Statistics 26:125-35, No. 2, 1977. (M.R.C.
Pneumoconiosis Unit, Llandough Hospital, Penarth, Glamorgan, Wales).
SUMMARY:
In the recent book "Fluoride, Teeth and Health" published by the Royal
College of Physicians, it was asserted inter alia that there was no evidence
that fluoride increases cancer mortality.
This statement was challenged by the presentation of data showing crude
cancer mortality rates in two groups of large American cities. The rise in
the crude mortality rate between 1950 and 1970 in 10 cities which had fluoride
added to their water supplies early in that period was undoubtedly larger
than the rise in 10 unfluoridated cities.
The U.S. National Cancer Institute asserted that this rise could be explained
by the different age-sex-race structures of the populations in the two groups
of cities. The Royal College of Physicians invited the Council of the Royal
Statistical Society to comment.
Our analysis shows that the two groups of 10 cities differed in their agesex-race structure in 1950. The cities which were to be fluoridated started
with many fewer elderly white females, somewhat fewer elderly -white males,
and more non-whites at ages below 50.
When these differences, are taken into consideration, the two groups both
had higher-than-expected cancer mortality in standarditad comparison with
national rates; this conforms with world-wide experience that cancer is
generally more common in towns than in rural areas. But the two groups were
not similar in 1950, despite similar crude death rates: the cities which
were to be fluoridated had at that time an excess of cancer deaths which was
10.3 per 100,000 population greater than that of the control cities.
By 1970, the two sets of-cities differed much more in their demographic
structure than they had in 1950. The fluoridated cities now had many more non-whites of all ages in their populations, and many fewer whites under
the age of 55. These demographic changes made thefluoridated cities much
more likely to have deaths from cancer.
When these demographic changes are taken into account, we find, in proportional terms, that the excess cancer rate increased by 1 percent over the
20 years in the fluoridated cities, but it also increased by 4 percent in
the unfluoridated control cities, giving a difference of 3 percent to the
advantage of the fluoridated cities.
We have established that the association claimed by Burk and Y+mouyiannis
between fluoridation' and cancer has not been substantiated. We concur with
the statement by the Royal College of Physicians, in "Fluoride, Teeth and
Health," that there was no evidence that fluoride increases cancer mortality.
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SELECTED EXCERPTS:
The nature of epidemiological proof is somewhat different from that in the
laboratory sciences. This is because it is seldom possible to hold other
factors constant when the item under study is changed. As Lord Douglas of
Barloch expresses this in his Appraisal of the RCP Report, under the heading
"Spurious Statistics," ". . .they make comparisons in fluoridated and unfluoridated areas without any proof that in the absence of fluoridation the rates
would have been equal." (Although he is there referring to the incidence
of dental decay, he could equally well have been referring to mortality.)
Such "proof" is never irrefutable, and if other factors have changed, the
statistical epidemiologist must attempt to take into account such factors
as seem to be both relevant and measurable.
It is because of such considerations that the WHO report emphasized that
. . .no single epidemiological study can in itself provide rigorous proof
of the safety of fluoridation of water supplies. The strength of the case
for fluoridation is not based on the results of a single study; it is based
on the mutually corroborative observations of many different workers."

Addendum: for Publication in Applied Statistics
P.D. Oldham and D.J. Newell
Many readers of our report, "Fluoridation of Water Supplies and Cancer-A Possible Association?" (Applied Statistics, 26:125, 1977), will have come
across documents which imply that our finding that there was no association
was wrong because there were errors in the vital statistical data that we
analysed. We think, therefore, that a comment on this implication is called for.
First, it should be made clear that our responsibility was to provide an
independent appraisal of the data and information given to us by the Royal
College of Physicians, not to initiate a search for further data.
Second, the demographic data received by us from the Royal College had been
provided by the U.S. National Cancer Institute, and it emerged that in
extracting these data, transcription errors had been made. Of these, we are
told the most material was the attribution of 215 more cancer deaths in
1970 to the unfltioridated city of Boston, Massachusetts, than had occurred.
This was because the figures for Suffolk County, which includes Boston, had
been transcribed instead of those for Boston itself:
The effect of this error was that where we published (foot of p. 132 in
Applied Statistics) that the standardised cancer death rate of the fluoridated cities had increased in 20 years by 3% less than it had in the unfluoridated cities, the corrected figures showed that it had really increased by
1% less than in the unfluoridated cities. Thus the. different age, race and
sex structures of the two sets of cities explained (even more exactly than
the original figures suggested) their difference in Cancer mortality. 'The
claim that fluoridation had increased the risk of death from cancer remains
unsubstantiated.
• We should perhaps add that, to our knowledge, no new data relevant to the

question at issue has been presented since our report, and that the criticisms
we made of the original claim of an association between fluoridation and
cancer have not been answered.
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REFERENCE 11:
National Academy of Sciences, National Research Council, Safe Drinking Water
Committee: "Drinking Water and Health," National Academy of Sciences,
Washington, D.C., 1977. ("Cancer," pages 381-9.)
SUMMARY:
Early in 1975, it was claimed by Yiamouyiannis that there is a linkage between
fluoridation of water and increased cancer rates. The initial data are the

sum of rates for nine specific cancer sites (seven for white males and two
for white females) for the 10 largest cities with fluoridated water supplies
for more than 12 years prior to 1970 and for the 10 largest nonfluoridated
U.S. cities. The source of the data was the age-specific cancer rates for
a 20-year period by site and county compiled by the National Cancer Institute
(NCI) and published by the Department of Health, Education, and Welfare (HEW)
in 1974. There is clearly a difference between the two groups of cities,
with the fluoridated ones having about 25/100,000 more cancer deaths than
the nonfluoridated ones.
In considering this evidence, the NCI found that Yiamouyiannis and Burk had
failed to take into account differing demographic factors and age distributions that affect cancer rates. When the NCI used 1950 rates for the U.S.
population as a whole to adjust the crude mortality rates for sex, race, and
age and expressed the results as the ratio of observed deaths to expected
deaths (standard mortality ratios, SMR), the time trends are eliminated.
None of the specific sites give any indication of an increase in cancer
following fluoridation; rather, a possible decrease is suggested. The "other"
category is of interest as the only grouping which suggested a possible'
increase for both sexes.
The other study compared naturally fluoridated and nonfluoridated counties
in Texas cr. the same basis as in the previous one. The SMK's are more variable
because of the smaller numbers involved, but there are no consistent trends
with increasing fluoride content except for a possible decrease in the "other"
category.
Thus, there is no confirmation of the hypothesis that fluorides or fluori-

dation cause cancer. Moreover, epidemiological studies in England fail to
support the hypothesis that stomach or any other cancer is associated with
fluoride intake (Kinlen, 1975; Royal College of Physicians, 1976).
An independent evaluation of the data presented by Yiamouyiannis and Burk
was carried out by Taves (1976) using the same basic statistics as those
used by NCI (U.S. Census and Vital Statistics). To gain more precision, the
cancer mortalities observed in the year prior to the census year have been
• averaged with the figures for the census year. In no case is there a significantly different time trend; thus, the assertion that fluoridation has caused
an increase in cancer rates does not hold up. The rates in fluoridated cities
are higher only for a particular set of cities and the higher rates in these
cities were present before fluoridation.
•In summary, the available evidence doe's not suggest that fluoridation has
increased the overall cancer mortality rates.
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REFERENCE 12:
Hoover, R.N., McKay, F.W., and Fraumeni, J.F., Jr., National Cancer Institute,
Epidemiology Branch, "Fluoridated Drinking Water and the Occurrence cf Cancer,"
Journal of the National Cancer Institute, 57:757-768, October 1976.
SUMMARY:
An examination by National Cancer Institute (NCI) scientists of trends in
cancer death rates in the United States during 1950-1969 has failed to produce
evidence linking natural or adjusted fluoridation of public water supplies
to cancer.
The scientists also found no evidence of cancer risk attributable to fluoridation from a comparison of the numbers of cancer cases diagnosed in 1947-48
and 1969-71 in two major metropolitan areas, one fluoridated and the other
nonfluoridated.
The study indicated that well-known risk factors in cancer, such as urbanization, industrialization, and socioeconomic, racial, and cultural characteristics of the population, appeared to explain reported variations among
fluoridated and nonfluoridated areas.
Cancer death rates over a 20-year period were studied in two groups of
counties in the United States: counties in Texas long exposed to natural
fluoride, and U.S. counties first fluoridated in one of three 5-year periods
(1950-54, 1955-59, or 1960-64).
In the naturally fluoridated counties, the scientists looked for increased
risk of cancer in both males and females that could be associated with
exposure to low, medium, or high levels of fluoride. They found little
variation from expected risk for any type of cancer except cancer of the
brain and nervous system, for which death rates were lower than expected in
counties with high natural levels of fluoride.
In counties where the majority of the population was exposed to adjusted
fluoridation, the scientists looked for an increase in cancer death rates
in 5-year time periods following fluoridation. They found no trends attribu-

table to fluoridation, even in counties fluoridated in 1950-54, and thus
. having death rates available for 15 years following fluoridation.
To study cancer occurrence for a possible relationship to fluoridation, the
NCI scientists compared the numbers of cancers diagnosed in Denver, Colorado,
and Birmingham, Alabama, in 1947-48 as compared to 1969-71. Denver was
fluoridated soon after the 1947-48 survey. Birmingham has remained largely
unfluoridated. Again, ho fluoridation-associated difference.in cancer risk
were apparent.
On the basis of their findings, the scientists -concluded that fluoridation
has not increased the risk of cancer, either in counties long exposed to
varying levels of natural fluoride, or in counties relatively recently
exposed to fluoride by artificial means.

14
REFERENCE 13:
Royal College of Physicians, London, England: "Fluoride, Teeth and Health,"
a report and summary on fluoride and its effect on teeth and health. (Pitman
Medical Publishing Co. Ltd., 42 Camden Road, Tunbridge Wells, Kent TN1 2 QD,
1976.)
SUMMARY:
In 1973, a special committee was set up by the Royal College of Physicians.
This was done in response to a request from the British dental profession for
views on the merits and safety of fluoridation of water supplies. The
committee examined data relating to the effects of fluoride and the fluoridation of water supplies in particular. The charge that fluoride can cause
cancer was one of the major subjects investigated by the committee. Evidence
examined consisted of published and unpublished work as well as oral evidence
presented by both proponents and opponents of fluoridation. The committee
was not able to find any relationship between cancer mortality or cancer
incidence and fluoride levels in water supplies.
SELECTED EXCERPTS:
A comparison was also made between cancer incidence in the three areas of
England and Wales that were fluoridated before 1968 and neighboring low
fluoride areas. In none of these areas was there any tendency for the incidence of these cancers to be higher in the fluoridated areas than in the
low fluoride areas--if anything, the opposite was the case.
The lack of any relationship betWeen fluoride and cancer incidence is in
keeping with mortality studies of this question.
There is no evidence that fluoride increases the incidence or mortality of
cancer in any organ.
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We are responding to your memo of April 19 requesting a review of the
manuscript by Dr. John A. Yiamouyiannis concerning fluoridation and cancer.
Your assumption is correct that Dr. Yiamouyiannis' conclusion concerning
individual studies, as well as the overall conclusions about the potential
relation between fluoride and cancer, are different than those of NCI'
investigators. Indeed, his conclusions are at odds with those of the authors
of each of the studies he reviews, as well as with the conclusions of every
qualified review panel that has addressed these issues over the last 15 years.
While the reasons for differences in conclusions based on other studies would
be best addressed by their respective authors, we can address these issues
with regard to our own work. As you recall, we did a series of extensive
analyses of site-specific cancer incidence and mortality in relation to
fluoridation following the report of the NIP study of sodium fluoride
administration to rodents. All ofour data were submitted to the Ad Hoc
Subcommittee on Fluoride of the Committee to Coordinate Environmental Health
and Related Programs of the Public Health Service. It should be noted that in
his evaluation, Dr. Yiamouyiannis used no new data but rather based his
conclusions on only those data evaluated by the subcommittee.
•Bone and Joint Cancers
We conducted several analyses of incidence and mortality data for bone and

joint cancers. In two registries (Iowa and Seattle) within the Surveillance
Epidemiology and End Results • (SEER) Program of population-based tumor
registries, we were able to evaluate the relationship between incidence of
bone and joint cancers, osteosarcomas (the cell type implicated by the NIP
study) and duration of fluoride exposure while controlling for age, calendar
time and geographic area. We saw no indication of any relationship between
duration of exposure and risk of either bone and joint cancer or osteosarcoma
in the total study population, in either males or females, or specifically
among young males (a sex-age effect suggested by the NIP study).
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We also updated our previous analysis of mortality patterns, comparing
counties throughout the United States that underwent rapid and extensive
fluoridation in a relatively short period of time to counties that remained
non-fluoridated. Observed mortality from bone and joint cancers in the
fluoridated counties was compared to that expected based on the age, race,
sex, time, and region-specific mortality rates prevailing in non-fluoridated
counties. Because mortality data are available for a much longer period of
time than incidence data, we were able to compare these observed-to-expected
mortality ratios for the fluoridated counties from 35 years before
fluoridation to 35 years following fluoridation. Again, we saw no patterns
that related to either the onset-or duration of fluoridation.
Finally, we evaluated incidence patterns in the entire SEER program of
registries. Since all of the registries, with the exception of the two
evaluated above, covered areas that were either all fluoridated, all nonfluoridated or a mixture that would not qualify under either definition, this
analysis did not allow us to control for area in developing expected rates for
the fluoridated areas. When the incidence data were broken into two time
periods, an overall 18% rise in the rate of osteosarcoma among males was
noted, which was derived primarily from a 53% rise in those under age 20.
When the patterns were evaluated in 'fluoridated" and "non-fluoridated" areas,
the increases were more prominent in the "fluoridated" areas. On further
analysis, however, these increases were unrelated to either the timing or
duration of fluoridation. For example, the increases were greater for a group
of counties fluoridated prior to 1955. For this group, one would expect to
see no influence of fluoridation, since all persons under 20 in both time
-periods would have been exposed for their entire lifetimes. When the entire
data were systematically evaluated by analyzing the ratio of observed-toexpected incidence in fluoridated areas by duration of fluoridation, there was
no evidence of an increase in incidence ratios. For osteosarcomas, there was
even some evidence of a decline in the ratio with duration of fluoridation.
Dr. Yiamouyiannis' reevaluation of our data ignores the key analysis of
incidence.data from the two SEER areas, as well as the mortality analysis. He
focuses exclusively on the data from all SEER areas. Rather than evaluate
total and sex-specific patterns, he estimates a difference in rates between
males and females and then attempts to interpret the differences between these
measures in fluoridated and non-fluoridated areas (a difference of
differences). Most of the observations he makes are not different from our
own, and primarily reflect the increase in osteosarcoma rates among young
males in fluoridated areas, as noted above. However, there is a large body of
evidence indicating that fluoridated areas are substantially different from
non-fluoridated ones fbr many variables that are related to cancer risk.
Thus, a simple comparison of rates in fluoridated versus non-fluoridated areas
is almost never appropriate. For an appropriate analysis, one needs to
control for these area differences in cancer risk factors. While not perfect,
time-trend and duration-response analyses have proven useful for this purpose
in many circumstances. In no instance does Dr. Yiamouyiannis attempt to
relate these patterns to the precise timing and duration of fluoridation.
In the few instances where an observation by Dr. Yiamouyiannis is actually at
variance with one of ours, it seems to be attributable to his use of sex
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differences in rates versus a simple evaluation of sex-specific patterns. We
believe the use of the sex-difference measure is a flawed method of analysis.
On an a- p riori basis, it is flawed since using females as controls
for males in any disease investigation is suspect, particularly for a disease
with a marked sex difference, such as bone tumors. This seems even more
unusual in the present context, since Dr. Yiamouyiannis goes to some extent to
indicate why a fluoride effect might be seen only in males. If this is
accepted for one exposure, it would seem plausible that others would also show
substantial gender differences. Another difficulty with the sex difference
measure is that it obviously represents a mixture of effects rather than a
specific effect. For example, in Table I of Dr. Yiamouyiannis' manuscript, he
notes a difference in these sex differences of 0.19 for the time period 197380. Looking at the raw data, one notes that there is only a slight difference
in the rate for males in fluoridated versus non-fluoridated areas, while the
rate for females is substantially higher in the non-fluoridated areas than in
the fluoridated ones. Indeed, over 75% of the difference of differences of
0.19 comes from the excess among females in non-fluoridated areas. We do not
suggest that this measure indicates that fluoride protects against bone tumors
in females, but rather point out the hazards of using a measure that
incorporates a mixture. of effects.
Thus, we believe an appropriate analysis of the available data on bone cancer
incidence and mortality shows no patterns that indicate any relationship
between the timing or duration of fluoride exposure and the risk of these
tumors. This is true whether one considers the entire population, males only,
or young males only. These were our conclusions from our own analyses and the
conclusions of the Ad Hoc Subcommittee on Fluoride. We see nothing in
Dr. Yiamouyiannis' evaluation that would change these conclusions.
Oral Cancer
Dr. Yiamouyiannis' evaluation of our analyses of cancers of the oral cavity
and pharynx is quite brief. He does not propose a new method of analysis, but
simply points out that weighted averages of observed-to-expected ratios of the
incidence of these malignancies in our two-center study yield some evidence of
an inconsistent rise in these ratios with duration of fluoride exposure.
In evaluating our own data, we recognized the value of being able to look for
consistency of any findings in subgroups of the total data set. For oral
cancer incidence, we were able to evaluate observed-to-expected ratios by
duration of fluoridation in both sexes and in both SEER geographic areas (Iowa
and Seattle). An increasing trend (actually a lower risk in the <5-year
category which rose to a plateau for the next four duration groupings) was
seen for males in Iowa, but this pattern was not seen for males in Seattle or
for females in either area. Since there was no reason to expect a sex- or
area-specific finding for this malignancy, we interpreted this inconsistency
as evidence against any underlying biologic relationship. Mortality data for
this site-were also evaluated in the same manner as described above. This was
particularly useful, since we were able to assess trends in observed-toexpected ratios for extended periods of time before and after fluoridation and
to base this evaluation on over 46,000 deaths in fluoridated regions and over
24,000 deaths in control regions. Overall, mortality from oral cancer was

.
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somewhat higher in fluoridated counties than in non-fluoridated counties.
Indeed, this excess was around 30%, similar to the overall excess in incidence
noted by Dr. Yiamouyiannis. However, this excess was evident in the study
counties for 30 years prior to their becoming fluoridated, as well as
afterwards. Thus, the lack of any effect on oral cancer mortality and the
restriction of an effect on incidence to one of four sex-area groups indicated
to us that there were no patterns consistent with an impact of fluoridation.
Total Cancer Mortality

•

•

For many years, Dr. Yiamouyiannis has been claiming that fluoride causes a
veritable diathesis of cancer that can be seen in overall cancer mortality
rates. He again presents data that proport to show this pattern in his Table
11. No explanation of the methods involved is given in this manuscript.
The issue of overall cancer mortality has been the subject of numerous studies
of the effects of fluoridation, and has been reviewed by many expert review
panels. The results have been remarkably consistent in finding that when
analyses are properly conducted, no patterns are seen which can be attributed
to the introduction and duration of water fluoridation. Our update of cancer
mortality data provides one more strong replication of this result. When we
compared the overall cancer mortality in rapidly fluoridated counties to that
expected based on rates in non-fluoridated counties, controlling for age,
calendar time and geographic region, we saw no evidence of a positive
relationship with fluoridation in either men or women. Overall, total cancer
in fluoridated counties tended to be higher than that expected based on rates
in non-fluoridated counties. However, these elevations in rates were present
for the years before and after fluoridation. In fact, the observed-toexpected ratios were actually somewhat lower in the 35 years following
fluoridation than they were in the 35 years preceding it.
Comments
Analyses to date have failed to find evidence of cancer patterns consistent
with a fluoridation effect, and thus have not ventured beyond control of
descriptive data for age, race, sex, time period and region. However, in most
instances, both the disease rates themselves and direct comparisons of
sociodemographic and other variables have indicated that fluoridated and nonfluoridated areas. are very different from one another with respect to factors
known to be related to cancer risks. Thus, if any evidence of a positive
relationship between cancer risk and fluoridation ever does emerge from a
credible study, other covariates would need to be controlled before concluding
that fluoridation itself needed further scrutiny. In addition, the studies to
date of any meaningful size have all been ecologic studies. That is, exposure
and disease information is evaluated for aggregate populations and not for
individuals. While such studies are considered appropriate to generate
suspicion, they are virtually never strong enough methodologically to result
in causal interpretations and intervention recommendations. Thus, if any
credible analysis does generate a hypothesis about fluoridation and cancer
risk, the appropriate next step would be an analytic study of the hypothesis
with exposure and covariate information collected for individuals.
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Finally, Dr. Yiamouyiannis and other antifluoridationists have spent enormous
amounts of time attempting to link adverse health effects with fluoridation.
Given enough attempts, someone should be able to link some condition with
fluoridation in some group using some methodology. Responding to each such
attempt would seem less useful than periodic systematic reviews of all the
evidence by qualified panels of experts that can assess the quality of the
work and the resultant weight of the evidence. The last such review dealing
with cancer issues reached the same conclusion as those preceding it, i.e.,
"optional fluoridation of drinking water does not pose a detectable cancer
risk to humans" (Report of the Ad Hoc Subcommittee on Fluoride of the
Committee to Coordinate Environmental Health and Related Programs. Review of
Fluoride: Benefits and Risks. Department of Health and Human Services,
February 1991).
We hope this information is useful. Please let us know if we can be of
further assistance.

("4.-Hoo er, M.D.
S.
Susan S. Devesa, Ph.D.

h F. Fraumeni, Jr., M.D.
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to,TOCANCER INt?7RATS
Researchers Stress That Data
Do Not Suggest Any Need
for People to Worry
By PHILIP LHILTS
WASHINGTON Jan. 25 — Researchers have found prelaninary evidence
that fluoride causes cancer in male
rats, Federal officials said today. But
they cautioned that the study did not
suggest that the fluoride in water and
toothpaste would cause cancer.
Studies sponsored by the National
Toxicological Program examined 1,384
mice and rats-The unexpected findings
showed that a handful of cases of bone
cancer might be attributed to fluoridespiked water that the animals received
in their diet The cancers occurred mostly at
doses that are 50 to 100 times the
amount humans ingest from water or
toothpaste, said James Brown, a
spokesman for the Federal Depart.
mast of Health and Human Services.
The cancers occurred only in the male
fats-

For 40 years, health officials have
advocated the use of fluoride In toothpaste and in drinking water because it
Is so effective in reducing tooth decay.
Extensive epidemiological research
•
was done by the NaUonal Cancer Institute and others in the 1970, said Dr.
Samuel Broder, director of the National Cancer Institute. "The issue has
been looked at airAlfly to the past,"
Dr. Broder said, "and there is Just no
evidence in humans for a cotuiection
between fluoride and cancer. Bin we
will revisit the data again"
The kind of cancer the mice and rats
in the study got was bone cancer, whidi
in humans SCCOUftts for only about
2,000 of the LI million cancers recorded each year in the United States.
The mice end rats in the wady were
put in pimps of M. Among 50 male
rats, one Moe cancer was found at the
medium dose of 45 parts per milhon of
fluoride and four mote bone ,cancers
were found in the male rats at the dose.
of 79 parts per MUM fluoride.
Mice did not show any bone cancers,
Dar did the Work rata
The study is not awing eVitlince, but
is " weak signal" that fluoride can
cause 'cancer, said a 'Federal official
*hob familiar with the study. - • Because the bone cancers occurred
only in male rats and not stall in mice,
in light of the previous work, "the controlling data must be the human data,. Dr. Broderaaid.
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RESPONSE TO. DR. YIAMOUYIANNIS 1 LATEST
STUDY ON FLUORIDATION AND CANCER

John A. Yiamouyiannis, Ph.D., has published a study entitled
"Fluoridation and Cancer: The Biology and Epidemiology of Bone
and Oral Cancer Related to Fluoridation" in Fluoride-Quarterly
Reports, Vol. 26, No. 2, April 1993. Copies of the study and a

response from the National Cancer Institute (NCI) are enclosed.
The NCI response, written by Drs. Hoover, Devesa, and Fraumeni,
states, in part, that "...antifluoridationists spend enormous
amounts of time attempting to link adverse health effects with
fluoridation. Given enough attempts, someone should be able to
link something with fluoridation in some group using some
methodology. Responding to each such attempt would seem less
useful than periodic systematic reviews of all of the evidence by
qualified panels of experts that can assess the quality of the
work and the resultant weight of the evidence. tEhe last such
review reached the same conclusion as those preceding it, that
'optional fluoridation of drinking water does not pose a
detectable cancer risk to humans'..."

Program Services Branch
Division of Oral Health
National Center for Prevention Services
Enclosures'
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Fluoridation of water supplies and cancer mortality
A re-examination of mortality in cities in the USA
LEO KINLEN'
From the CRC Cancer Epidemiology Research Group. University of Oxford

RICHARD DOLL
From the ICRF . Cancer Epidemiology and Clinical Trials Unit. University of Oxford
Differences in trends in crude mortality rates from
cancer between I Ofluorida ted and 10 non-fluoridated
cities in the USA were claimed by Yiamouyiannis and
Burk to indicate that cancer mortality had risen to an
unusual extent in the fluoridated cities." These
claims, which were widely publicised. prompted us.
among others. to examine all relevant published data
for the cities in question. When, however, account
was taken of the demo graphic differences between
the two groups of cities and the way they changed.
there was no suggestion of a greater rise in cancer
mortality rates (standardised by the indirect method)
in the fluoridated than in the non-fluoridated cities.'
Later Yiamouyiannis and Burk reported that their
earlier claim was supported by unpublished data
obtained from the vital statistics offices and health
departments.of the cities concerned when the direct
method was used to standardise . the mortality rates.5
In this analysis, however, men and women and whites.and non-whites were classed together in broad age
groups (0-24. 25-44. etc.) and this analysis did not
take account of the changes in the sex and ethnic
structure of the populations under comparison or
adequate account of changes in their age structure.
Although these shortcomings were repeatedly
pointed out.'-° the claims of Yiamouyiannis and Burk
have continued to be published in many parts of the
world and extreme statements made about the merits
of the direct . over the indirect method of
standardisation—even when the former is used, as in
this case, in a crude and inappropriate manner.
Indeed,. official inquiries have been insti g ated in
several places includin g Victoria (Australia) -and
Minnesota and Kansas (USA).
Through the National Center for Health Statistics.
we have now obtained the numbers of deaths from
cancer in the cities concerned by sex, ethnic group.
and '10-rear a ge group for 1970 so that the direct
method of standardisation can he applied properly
. "Ginn Fein . of tne Cancer Research Campaign.

and the results compared with those obtained by the
indirect method. We have also analysed the data for

all three census years. 1950.1960. and 1970. in a
variety of alternative ways and in addition have used
what, in our opinion, is a more appropriate set of
control cities in the analysis.
Results
In Table 1(a) are shown the ratios of observed to
expected numbers obtained when the US national
mortality rates for each of the census years 1950.
1960. and 1970 are used as the standard rates and
applied successively to the populations of the 10
fluoridated and the 10 non-fluoridated cities (set 1)
chosen by Yiamouyiannis and Burk, Whichever rates
are_used- the results are the .same..with no indication
of a greater deterioration of the-situation in the
fluoridated cities than in the non-fluoridated' cities.
When mortality rates are used for the same years as
those of the observed numbers. from 1950 to 1970,
the observed to expected ratios fell more in the
fluoridated than in the non-fluoridated cities. When
the same mortality rates are used throughout. the
ratios increased with time over the period 1950 to
1970 in each ease. but by a smaller percentage in the
fluoridated cities than in the non-fluoridated cities
irrespective of whether the 1950. 1960. or 1970 US
rates . were used as the standard.
EXCLUSION OF ATLANTA AND SkATTLE

Inclusion of Atlanta arid Seattle in the group of
non:fluoridated,. cities has been _criticised by
Yiamouyiannis because their water supplies began to
be fluoridated in the neriod December 1969 to
October 1970 (notwithstanding the tact that mo
their control cities. San Diego and Kansas (Missouri).
were also fluoridated for a short period. in 1952-4
and 1962-3 . respettively). We retained them in the
uroup. however, in order' to compare the same to
croups as Viamouyiannis and Burk *had compared.
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Tablc I Observed to expected ratios and observed numbers of deaths ii, fluoridated (F) and non- fitioridatet: (NF) (ities.
using different US mortality rates to calculate expected numhers
OBSERVED TO EXPECTED RATIOS tab ,,,,, a ',ambers)
(a) Nnn.flannalazed arta an II
Rasa wed in
calculate/. of
&award member

Change
1930-70
(pe, tenii

1930

1900

1970

1.2302 (21 4 85)
1-1509 (II 25 7 )
1 2302 (21 485)
1-1509 (II 23 7 )
1-2212 (21 183)
1-1465 (II 257)
3.1694 (2) 48 3)
1.1003 (11 257)

1-2289 (23663)
1-1141 (13 090
3-2420 (23 663)
1-1202 (33094)
1-228• (231165)
1.1141 (13094)
1.1743 (23 663)
1-0689 (13090

1 1733 (23 405)
1 . 1210 (14271)
1-2441 (23 4415)
I-1713 (14 272)
1-22$4 (23403)
I 1630 (13272)
1-1733 (23305)
11210 (14 272)

(6) Eselsodwg Adana and Sande from en 1 of neen .firondated awn
1-2302 (21 485)
F
Same year
1-1457 (9835)
NF
1-2302 (21 485)
F
1950 rates
1-1457 (9835)
NF
1-2232 (21 485)
F
1960 rates
11420 (9833)
NF
1'1694 (21 485)
F
1970 rates
1-0962 (9833)
NF

1-22119 (23 (s63)
1.1204 (II 264)
1-2420 (23 063)
1-1261 (11264)
1-2289 (23 663)
1-1204 (II 264)
1-1743 (23663)
1-0750 (11 264)

I-1734 (23 405)
1-1219 (12229)
1.2441 (21 405)
1.1750 (12 229)
1 2284 (23 4115)
1•1679 (12 229)
1.1734 (23 015)
1.1239 (12 :29)

-4-45
-1-90
-1-13
-2-36
•0.59
• 2 27
.0-51
• 2-.55

1-2289 (23063)
1-0779 (12 737
1-2420 (2366))
1-0845 (12 737)
1-22119 (23663)
1-0779 (32737)
1-1743 (23663)
1.0352 (32737)

1-1784 (23 405)
1-0904 (15 121)
3-2443 (23403)
1 - 1416 (15121)
1-228-a (23 405)
1-1332 (15311)
1-1734 (23 405)
1-0904 (13121)

-4-43
. -2-28
.1-13
.2-31
.0-56
.2-00
.0-51
•2 13

Same year
1930 rates
-1960 rates
1970 talcs

F
tiF
F
NF
F
NF
F
NF

(e) Nan;fludendaled CUM (sr( 2)
Same year
1950 rates
1960 rates
1970 rates

F
PO
F
NF
F
NF
F
NF

1-2302 (21 485)
1-1158 (10 4 56)
3-2302 (2) 485)
1•1158 (10 456)
1.2212 (21 485)
1-1110 (10456)
1-1694 (21 485)
1-0674 (30436)

-4-45
-2-60
.1- 33
• 1.88
- *0-39
• 1-61
.0-31
*1.88

rho table incorporates corrections of errors in cnti 1977 paper to some of brell we base already drawn attention.

and it did not seem reasonable to suspect that such a.. of the general tendency for extreme values to regress
recent change could have influenced the mortality – towards the mean. We have, therefore. repeated all
rates. As it happens, the exclusion of Atlanta and the analyses using the 10 largest non-fluoridated
Seattle hardly affects the results at all; but in so far cities in the USA at the time, as given by
as it does, it serves only to emphasise the slightly Yiamouyiannis and Burk' irrespective of their cancer
greater deterioration of the n )n-fluoridated cities in death rate in 1953, viz: Los Angeles, 1 %iew Orleans.
comparison with the fluoridated ones over the period Boston, Columbus, Cincinnati. San Diego. San
Antonio. Houston. Memphis. and Kansas City (that
1950 to 1970 (Table 1(b)).
is. substituting San Diego. San Antonin. Houston,
and Memphis for Atlanta, Newark. Purtland, and
THE SELECTION OF NON-FLUORIDATED CITIES
The cities fluoridated before 1960 that were selected Seattle).
by Yiamouyiannis and Burk were the 10 largest Table 1(c) shows that the observed to expected
fluoridated cities in the USA. The non-fluoridated ratio of deaths in this second set. of non-fluoridated
cities (as of December 1969) that were selected for cities tended to rise sli ghtly more over the period
1950 to 1970 than in the set used by Yiamouyiannis
comparison were not, however, the largest, but the
largest that also had crude cancer death rates in 1953 and Burk irrespective of whether the 1950. 1960. or
greater than 155 per 100 000 persons per year. If the 1970 national mortality rates were used to calculate
selection of the fluoridated group was made on the the expected rates throughout. Alternatively, if the
basis of sizc, it . would have been more consistent if same year's mortality rates are used in the census
years the fall in the rate is slightly less. In sum, the
size had been the onl y criterion for choosing the
non-fluoridated cities—even though some of them changes in these 10 non-fluoridated cities from 1950
to 1970 weigh very slightly 'more heavily against the
had lower crude cancer mortality rates in 1953 than
the lowest rate observed in the fluoridated .cities. claims of Yiamouyiannis and Burk" than those in
the 10 cities that they chose for comparison.
Moreover, to select non-fluoridated cities on the
The populations by sex, age, and ethnic group of
basis of thcir having a high crude cancer death rate is
the different groups of cities are shown in Appendix
to invite finding a smaller rise than average, because
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Appendix Table A

Populations oldiflivent groups 0f- fluoridated and non-lluori,iuted ILS clues hyacc

grintp, sex.

,Crotir
10 larrrss non•fluoridared
ew(, 1,e1 I)

?et
At, ,
ten.p.
....Arc,

0-4

tin lilt
group

1v.si1

I990

1470

/950

1960

1470

1950

1909

1970

1950

ivelo

1v70

445694
427666
104708
104153

343889
360592
214572
215591

241330
231340
200235
144492

248605
219646
46664
45978

274063
261860
48249
98103

200470
191374
105627
10529?

118733
21054i
18414
17828

212041.
228220
82373
811152

177518
169881
88786
88634

267851
25921$
51863
51265

115345
325764
102612
I0342

266126
255350
112441
112195

614757
806245
142034
145091

645003
626842
308868
312069

5i6548
499238
455728
458431

333187
32636:
62101
6?073

463286
451064
140209
142451

422287
412852
223574
223754

295510
288747
51375
52205

397)94
385926
115911
117523

379673
366841
187615
187412

151685
345585
68466
70396

551,2 lb
54:350
153200
154925

581907
563$01
244153
244891

652084
847423
130152
159258

521439
576574
i715140
21030

4.46952
595340
3)6332
377494

350159
182125
57244
69713

353666
384867
84625
300997

472949
515759
160831
191736

101622
335371
41,362
56557

298219
329968
64467
83221

407184
444119
131700
157051

168286
391,770
62876
76863

427625
43som
91083
106169

618269
034462
17524:
202802

817903
867056
)74354
:03117

'536041
5081418
206610
243484

419590
40365,0
227878
281199

439784
465069
25938
87173

166718
356846
49101
112365

355673
?4146;
124685
146220

385426
404032
63314
7:222

315852
309242
83751
94202'

107108
298620
102921
121920

456858
480065
81185
93189

432692
427142
103708
1)7415

443764
435104
128976
151173

738551
74656S
15386v
16614.64

548040
$98164
198535
;1963i,

347741
351210
207143
251173

395845
424908
69468
.74816

373838
402897
4i411
100838

289135
293002
100659
119466

?411436
378214
57482
61531

320722
345107
76944
84002

398036
254125
429697
258872
74373
84562
100781_ 81500

426315
450783
95074
104610

371554
382(187
106803 .
127631

851104
681944
121451
113717

552478
613891
150421
156614

404401
4711111
181232
209000

140616
371962
51555
51530

344)19
379279
69404
73776

309581
345673
85926
1tW069

3062581
328716'
43480
42500

293148
324125
57804
6080?

267357 '133468
359448
298204
57049
7:2 79
83862
54.912

362018
395871
73183
78358

374607
411394
9)275
105073

WNI

$40458

WE
NM
NE

547086
63064
58352

471949
527141
104577
103218

390757
473795
126331
144077

2'3478
100240
28230
27667

279107
324218
41,829
4V915

259072
312146
71592

240724
265351
23842
23023

2403:6
279369
39372
41338

221274
266831
50621
59442

251067
280338
31745
30346

279313
325062
50558
53421

287624
342890
63884
77085

W41

2111,451
329838
30237
33703

32144)
393159
50964
55662

251194
362169
74824
89990

11,1214
204045
15923
12818

)88786
249770
25043
29096

162162
243678
35408
46095

141187
180560
13316
14760

162830
:15800
• 2093?
24042

139828
209585
29740
38189

;43487
190764
17753
20353

180250
241738
.27928
31962

171889
258945
39865
' 5055j

89563
127440
7916
10094

111081

159420
I57Ra
19813

117563
196270
23811
32888

56004
.84760
4274
516$

74041
115407
8890
10646

75614
138858
12201
17861

49377
75450
3565
4223

63074
99548
7374
8905

65032
1118841
10350
14878

51611
80331
4923
5979

69027
111631
9688
11852

76954
141735
$4055 •
19827

WM

12444

WE

22553
1279
2237

16082
31294
2895
4504

22468
44248
5921
9579

8601
15768
681
1238

12240
25101
1599
2310

17313
36483
3396
5428

7363
14148
567
1020

10462
:1782
1316
1846

14763
31)64
2828

8003
15037

11768
24533
1855
2676

17169
37377
3874
6116

WI.)
F

NE
MAI

WE
NM
NF
15-24

%%
NNI

NF
25-34

'AM
WE
5.N1

NE
:1 5-44

WI.)
WE

NM
45-54

WI.)
WE

NM
NF

65-74

WF
NM
NF
75-84

WI.)

WE
5%'

NF
85-

liltairminon.flu.nda,J
ones WI

Fiuunclated cult.

0.

5-14

N',1,1fuond4te.1 raw%
eAcludin AIICAIJ and Seart:e

.111.1

NM

SF

II 885 744 II S110703 10766632

61144

4.443

79,
1419

6240077 7 075 SNO 7 342731 5 191 172 6031 038 6 314 927 6413160 7 849827 8 757 145

• V. 54 white males
WF • white fernain
NM aotaohile males
NF non-white females

Table A—the 10 fluoridated cities, the
non-fluc)ridated cities (set 1)• both includine and
excluding Atlanta and Seattle. and the 10 largest
non-fluoridated cities (set 2). The US national cancer
mortality rates for 1950..1960. and 1970 are shown
in Appendix . Tahle B by sex. age. and ethnic group.
COMPARISON OF DIRECT AND INDIRECT
METHODS OF STANDARDISING MORTALITY
K.5TES

yiamouyiannis and Burk have claimed that the

indirect method of standardising cancer death rates
in the two sets of cities in the USA was less
appropriate than the direct method which they came
to use, notwithstanding that. in their use, they Classed
both sexes and both ethnic groups together and used
broad 20-year age groups. Reasons have been given
repeatedly elsewhere for dismissing this claim. It is,
however. now possible to compare the results of the
direct and indirect methods usinc equally detailed
data for both. Through the good offices of the US
National Center for Health Statistics we have

•

Le() kin/en und Richard Dull
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Appendix Table B Cancer mortality rates by age. sex, and ethnic group for the 1.)5 in I 950, 196(). and 1970 and the rates tn
,croups of fluoridated and non-fluwidated CifieS
1,17:1
om,ied

(ASCER NORIALITY RATL5

Nei
Age
groups
tyears)
0-4

and
ethnic
grump

17
20
12
12

8.98
8-36
8-52
3-80

18
16
9
4

7-32
5-89
6.76
4-51

13
10
6
4

7A4
8.22
3.34
4.46

19
21
6
5

8-5
.• 6.9
52

7-1'
6.3
5-7
1- 0

8-0
6-2
4-9
4-8

740
3-4
5-0
3-9

17 966- 8
16 911-7
3 092 4
3 074 8

7- 36
3-41
5-92
3-49

38
27
27
16

65'
3-57
5.81
1-79

28
23
13
4

6.32
6-'
6-40
1-60

24
23
12
3

6-17
7-09
6.14
3- 27

36
40
15
.8

7.0
33
59
2-9

WF
NM

9-9
7-5
7-7

8-0

10.6
6.2
9.0
6.2

15232-I
15 420-1
2 319-0
2 170-2

8.96
5-71
10-75
6-62

49
34
34
25

12.47
5-82
11-81
3-22

59
30
19

SF

10.3
6-5
9-2
6-7

lu

12 77
6-53
1215
5-09

52
29
16
8

10-35
0-46
9.13
5.42

64
41
16
11

10-6
5.8
11 I
6-1

WM

17-7
20 9
17-9
33.5

18.8
18-8
18.2
29-6

162
16-3
17-1
19.6

10 774-9
11 004-5
1 442 5
1883-6

16-68
14- 37
16-68
17-43

70
58
38
49

14-90
15-81
24-86
21-88

53
54
31
3:

14-65
16.07
23-32
21-33

45
48
24
26

15-32
16-32
20-16
19-84

68
71
26
30

15.9

44.5
74.5
56.0
119-3

46-3
66-6
71-7
98-3

WI
62-4
76-0
87-5

9978-9
10318-8
1 252-4
1 307-7

64-42
69-19
93-10
89-98

214
243
197
226

60.87
80.55
109-28
95-86

176
236

158 .
206

115

62-17
79-58
105-25
95.26

96

58.67
69-86
97-38
96.71

218
267
104
126

62.8
74.4
99-7
91-9

150-8
183-8
207-4
273-3

164-1
175-7
233-6
249-3

172-0
177 3
288-2
217 . 1

10090-2
10 756. 3
1109-I
1 264-4

916
223-74
228-02 10 74
349-28 640
244,98 512

194-13
205-40
33943
23144

601
710
292
232

191-88
200-20
343 11
228-95

513
597
248
192

186-60
192-27
32339
220-80

699
791
297
232

211-0
2)84
346. 3
240'

404.4
362-5
484-8
481-0

450-9
329-0
5494
427-8

-498-1
338-6
642-9
387-1

7 958-2
8.853-0
834.6
944-0

. -616-24 .2408
379-49 1798
82244 1039
441-43 636

380-28
396,51
728-95
46244

1284
10511
369
275

345-50
382-05
695-16
482-58

1569
1310
458
372

798-7
616-5
632-7
476.9

887-3
562-1
927-5
537-6

997. 0
534.7
1099•2
589. 6

4 915-3
6-303-0
521-6
632.8

1218-38 3061
643-62 2331
1288-36 964
589
654-52

1110-00

1804)

602-84
1160.75
609-61

1469
411
281

.
1091-34 1526
609-30 1277
1186.95 353
617-98 236

13674
1626.6
844-4
3789

1413-7
939-3
1086- 1
702-3

1592-7
903-5
1536-9
734-7

2243-2
3429-2
193 . 1
233-7

11149-22 2174 .
1007-80 1978
11105-139 430
8)7- 93 269

1763 . 76 1334
1003.18 1393
1704.76
21.16
761.44
136

1732.7
-1348-3
916-0
716.0

1791 . 4
1304 -9
1211 7
727 - 5

1772-2
1126-6
1268-4
758.9

487-0
889-9
55-4
78.7

201115 452
1240-73
549
1435-57
85
876-92 . SA

1834-10
1227-97
1766.78
902-73

203 211-9

23405

w1,4
WE
NM

wM

WM
WE

NM
SF
WM

WE
NM
SF
55-64 .

WM

WE
NM

SF

110

579-39 1501
393-IS. 1228
711.44 435
451-17 323

•

.
8S..71

Wm

WF
NM

SF
75-64

wm

WE
NM
SF
83-

u

7-04
8.63
5-99
6-02

WE
NM
SF

45-54

So.

7 374-3
7 049. 8
I 371 . 2
1 360-0

NE

35.44

1970

fmn. fluoritkued
WI 2,
Ralf

7.7
6.6
6-6
3-1

NE

23-34

1900

Nonistondlued
Cu,,, on I I
Ao.
Rate

fi,

12-0
9.1
7-8
6-9

NM

13-24

1950

fluoridated
1970 US
POPULATION eines
Raw
. So.
ithousands)

1121CA

fiunrulawd
and rum.
Iluandated
aunties I;

12.4
10-6
8-7
7-1

951

WF

5-14

US CANCER
MORTALITY
RATES

con.fluondated
'let 11
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Fluoridation of water supplie.s and cancer mortality: III

Table 2 Comparison mortality rano) In:three:1y
standardised) with directly standardised cancer mortality
rates for both fluoridated and non-fluoridated cities in 1470
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obtained the numbers of deaths from cancer in all of
the cities concerned by sex. ethnic group. and 10-year
age group in 1970 (Appendix Table B) and so we
have been able to . use the direct method of
standardisation in an -adequate way. No anomalies
were evident in an examination of the age. sex, and
ethnic group specific mortality rates recorded for
each group of cities. These rates have been used to
calculate the numbers of deaths that would have
occurred in the entire United States of America if the
population had experienced the same rates. By using
the rates shown in Appendix Table B and the
corresponding populations for 1970 in Appendix
Table A. we have obtained directly standardised
fates for 'comparison. with those obtained by the
indirect method. The _results. which are shown in
Table 2. are identical. It wat not possible to obtain
corresponding data for the other two census years,
1950 and 1960. because the National Center for
Health Statistics no longer held the basic data.

Table 3

CALCULATION OF SMRs L'SING FOOLEL7'DATA FOR

20 CITIES
It is also now possible to use the pooled experience of
the two sets of cities to constitute the standard
population for the calculation of standardised
mortality ratios by the indirect method. In this way
we can examine the effect of our earlier use of
national data as standards for comparing the
mortality in sets of cities that were not typical of the
country as a whole. The pooled mortalitY rates are
shown in Appendix Table B and the results obtained
by using them are shown in Table 3. The results show
clearly and incontrovertibly that the mortality rates
are almost identical in the two sets of cities when sex.
age. and ethnic group are taken into account. and that
the very slight excess in the fluoridated cities is
proportionately less in 1970 than in 1950. Our
conclusion is unaltered. The ideal comparison would
require the use of pooled mortality rates in 1950 to
calculate the expected numbers of deaths in 1950 and
the pooled rate in 1960 to calculate the expected
numbers in 1960. but unfortunately these are now
irretrievable.

Conclusion
The mortality from cancer in the 10 largest cities in
the USA that have had fluoridated water supplies
since before 1957 was somewhat higher in 1970 than
in the large- non-fluoridated cities that we have
examined. The relative excess has not increased since
1950. if allowance is made for changes in the sex, age.
and ethnic group constitution of the population by
any of the standard methods. On the contrary. it has

Expected numbers and observed to expected ratios using pooled cancer mortality rates in 1970 for the original 20

cities

Flroridased
50 06sented
eapeaed

Non-fluondaied ser-1 • Soollluariaawd get!
and Statue; fexcluchnit Adams° and Stank) hon-Iluoridaird 3412

lobeludaws Aflame

21 485
21 344

I I 257
I I 890

I-0043

11,446$

835
10 420
. 0,9433

60 Onserved
expected
Fano

23 663
23 388
1-0118

13

094
l• 195
0 9224

11 204
12,141
0.9278

70 Olnirved
expected

21 405
22 Cit5
1.0183

It 272
14 692
0.471.4

12 229
12 557
O 9739

0 . 0246 •
-. 2.604.
0.946ft

0.0.3uo

ratio

?SW

Increase of tatto

0-0140
1-0043

- I .39%

0-9433

10 456
II 378
0.9t
•

12 737
14259'
6-8933
15 :21
16 016
9442
3.24%,

0.0252
0.9190
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decreased sligliti n no twitter svhich of the appropriate
methods ol comparison is chosen.
We thank Angela Hewitt for help with the analyses
and the National Center for Health Statistics.
Mar y land. for making available mortality data
relating to the cities covered by this study.
Reprints from Dr. L. J. Kinlen. University of Oxford.
Radcliffe Infirmar y . Oxford 0X2 6HE.
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Director, DCE, NCI

Subject Fluoridation and Cancer

Mr. John S. Small
Epidemiology and Oral Disease
Prevention Program, NIDR
a followup to the recent telephone conversation you had with
Dr. Morrison, I am pleased to update you on the current NCI view
regarding the safety of water fluoridation. NCI scientists are familiar
with the charge presented by persons opposing fluoridation that higher
cancer mortality rates are associated with the use of fluoridated water
supplies. The published evidence for this charge is a single statistical
report published by two biochemists, both of whom were active
antifluoridationists,-and one of whom was co-editor of the minor journal
in which the report appeared in 1977 (1). Their findings have not been
corroborated by any other published research, and their methodology and
conclusions have been faulted by a number of highly qualified reviewers
(2)-

As

These several national and international health authorities, research
institutions, and specially appointed groups of experts have each
independently concluded that there are no trends in the prevalence of
cancer or other diseases, disease-specific mortality, rates, or general.
mortality rates in fluoridated areas that could be associated with' •
natural or adjusted fluoridation at the recommended concentrations.
Among the localities studied was Jacksonville, Florida, where the city's
drinking water supply sources, optimally fluoridated by nature, have been
in use more than a century, since 1884. In many other U.S. communities,
water supplies optimally fluoridated by adjustment have been in use for
thirty-five to forty years. Today, more than 130,000,000 Americans are
served by fluoridated water supplies.
We have no evidence that the inorganic fluorides might be carcinogenic.
One such compound, sodium fluoride, has been included in a Federal
program to test several hundred chemicals to determine whether or not
they have a potential for cancer causation. One of the major criteria
for selection for testing is that the substance be in widespread use by
the public. That is the . criterion that governed the selection . of sodium
fluoride for bioassay.

John S. Small, Page 2

In summary, the current weight of scientific evidence suggests that
community water fluoridation is a safe and beneficial public health
practice.

SL1'tce -1

Richard H. Adamson, Ph.D.
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Preface

The information set forth in this
publication is compiled and amended
annually by the Financial Management Staff of the National Cancer
Institute and is intended primarily
for use by members of the Institute
staff, the principal advisory groups
to the Institute and others involved
in the administration and management of the National Cancer Program. Questions regarding any of the
information contained herein may be
directed to the Financial Manager,
National Cancer Institute, 9000
Rockville Pike, Bethesda, Maryland
20892.

Fluoridated Drinking Water and the Occurrence of Cancer'
Robert N. Hoover, M.D., 2 Frank W. McKay, 2 and Joseph F. Fraumeni, Jr., M.D. 2'

the particular county. Given these estimates, counties

recent report by the National Health F•deration,
• private agency, related cancer mortality patterns In the United
States to fluoridation of water supplies, triggering much public
health concern and some political response. To clarify the Issues
raised, we studied cancer mortality and Incidence statistics for
U.S. counties, 1550-69. No trends could be ascribed to the consumption of water that Is artificially or naturally fluorklated.—J
Natl Cancer lost 57: 757-751, 11176.
ABSTRACT—A

A recent report in the Congressional Record (1)
linked cancer mortality patterns in certain counties of
the United States to artificial fluoridation of water supplies. Because of the medical and public health concerns
raised by this finding, we analyzed cancer mortality
trends in counties where the water supply has been
artificially or naturally fluoridated to see if we could
uncover similar trends—after taking into account the
demographic variables known to affect cancer incidence
and mortality.
If fluoride does affect cancer mortality, one would
expect a change in cancer risk in both sexes subsequent
to the artificial fluoridation of communities. If the pattern resembles that for carcinogenic exposures generally, there should be a time lag between artificial fluoridation and the change in risk (latent period) and variations in risk within naturally fluoridated areas in a manner suggesting a dose-response relationship.
These issues were evaluated by two studies: 1) a comparison of cancer mortality in areas using water containing various levels of natural fluoride and 2) an analysis
of mortality trends in areas in which the water has been
artificially fluoridated.
NATURAL FLUORIDATION

STUDY •

Methods

The measures of exposure to natural fluorides were
obtained from a special listing provided by the Division
of Dentistry (DHEW). wherein communities and their
natural fluoride content as published in a census of
natural fluoridation (2) are arranged by county. The
natural fluoridation study was conducted in Texas,
since the number of counties in this State is large and a
substantial population is exposed to markedly varying
levels of natural fluoride. A similar study could be done
for the entire United States. with adjustment for geographic. region. Confining our study to Texas permitted
a meaningful comparison without further "regionar
adjustment. A county was included as a "fluoride
county" if more than two-thirds of the inhabitants (1960
census) resided in communities exposed to 0.7 ppm or •
more (the minimum value reported in the natural fluoridation census). We calculated estimates of the relative
amount of fluoride to which the population Was exposed .
by using the level of fluoridation . reported for, each
community multiplied by. the proportion of the total
population of all naturally fluoridated communities in
VOL. 57, NO. 4, OCTOBER 1976
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were classified as intermediate (0.7-1.2 ppm). high (1.31.9 ppm), or very high (2.0+ ppm) exposure counties.
Control counties were those Texas counties in which no
community was listed in the natural fluoridation census.
Counties with artificially fluoridated water were exdudtd. Since the data on fluoridation were restricted to
community water supplies, the study was restricted to
those counties listed as at least 50% urban (1960 census
definition). Appendix table 1 lists the counties included
in each group.
Demographic, social, and economic characteristics of
counties were ascertained from the -1960 census of the
population. The following measures previously shown
to be related to cancer mortality were used: percent
urban, median number of years of schooling completed
by the population over the age of 25. percent nonwhite,
and percent foreign stock.
Age-, race-, and sex-specific numbers of cancer
deaths, coded according to the International Classification of Diseases, were provided by the National Center
for Health Statistics for each county of the United States
from 1950 through 1969. The county specified was the
usual residence of the decedent. Age-, race-, and sexspecific population estimates for these counties were
obtained by linear interpolation of census figures. Agestandardized death rates from cancer of 35 sites (Appendix table 2) were calculated among white males and
females for the entire 20-year period, 1950-69. The
analyses were limited to whites because the population
estimates were more reliable. The standard used was the
age distribution of the'entire 1960 US. population (5-yr
age groups through ages 74, 75-84, and 85+).
Cancer incidence rates for two metropolitan areas—
Birmingham, Alabama, and Denver, Colorado—were
obtained from the Second (1947-48) and Third (196971) National Cancer Surveys (3,4). The data for Denver
from the Third Survey were divided from the reported
statewide data for Colorado by special tabulation.
Throughout this report, cancer sites are considered in
two groups—those under suspicion of being related to
fluoride and those for which there is no a priori suspicion. Those sites 'Under suspicion are the ones identified
in the National Health Federation report (1) and two
other sites (thyroid and bone) that others thought might
be related to fluoride on biologic grounds (5). In most
Assazywnons taw: SMR nstanderdized mortality ratio;
SMSA w standardiaed metropolitan statistical area; KR-relative risk.
'Received December 2. 1975: accepted April 2. 1976.
*Environmental Epidemiology Branch, National Cancer Institute.
National Institutes of Health. Public Health Service, U.S. Department
of Health, Education. and Welfare (DHEW). Bethesda, Md. 20014.
'We thank K. Beckwith, F. Farah. M. Herren. N. Jones. and R.
Weil for technical assistance; D. Peterson for manuscript preparation;
and Drs. W. Blot, D. Byer. T. Mason, R. Miller. and M. Schneiderman for advice and critical review.
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tables, the sites examined with a priori suspicion are
listed first and separated from the other sites by-a dotted
line.
Statistical Analyses
When controlling for urbanization and socioeconomic
class, we used the SMR as the measure for comparison.
To compute SMR's. all those counties in a particular
stratum of the covariables were identified (e.g., high

groups based on the median number of years of school
completed by the adult population of each county
(a 10.2 yr and <10.2 yr). We then calculated the expected values for each grouping of counties according
to fluoride level, controlling for urbanization and socioeconomic class. The resulting SMR's and numbers of
observed deaths are given in table I. If a grouping of
counties by fluoride category contained less than 5

deaths, it was added, when possible, to another category
in table I.
social class-high urbanization). The age-specific mortalIf natural fluoridation does affect cancer risk, we
ity rates in each stratum were then applied to the approshould
see a steady increase in the SMR's with increasing
priate person-years in each fluoride-exposure group.
levels
of
fluoride. The SMR's for all sites combined in
This gives an -expected number" of cases. For each
white
males
and females were remarkably uniform (1.0
group, the expected values in each stratum were then
for
each
fluoride
level up to the highest level, where the
summed and compared to the total number of actually
SMR
falls
to
only
0.9 for both sexes). Little variation by
observed deaths. The ratio of the observed-to-expected
-fluoride
level
was
seen for any cancer site. Among the
deaths is the SMR. Where appropriate, 95% confidence
sites
previously
linked
to fluoride, two sites (mouth and
intervals for an SMR were computed (6). If the 95%
throat, and esophagus) in men showed a consistent linconfidence interval does not include 1.0 (SMR=1.0
ear trend in SMR's. The trends, however, were opposite
when the observed number is the same as the expected),
from what was expected, going down rather than up
then the SMR would be considered significantly differwith
increasing fluoride level. Among women, there was
ent from the expected ratio at the 5% level (i.e.,
no equivalent trend for mouth and throat cancer, but
P <0.05).
the pattern for esophagus cancer was similar to that in
Weighted regression analyses were also used that remen, namely, in the reverse direction from what was
lated cancer mortality (the age-adjusted rate by sex in
expected.
-Among other cancers, two sites (rectum,
each county) to various explanatory variables. These
bone) showed peculiarities, but again the -lowest SMR's
variables were the measures of demographic and sociowere in the highest fluoride. level. The figures for bone
economic characteristics for each county described
cancer were based on small numbers, with confidence
above and a measure of fluoridation. The measure of
limits around both SMR's including 1.0, and showed
fluoride was the midpoint in ppm of the group to which
little evidence of any trend. On the other hand, the
a county belonged (2.8 was used for the 2.0+ group—its
figures
for rectal cancer -were based on substantial nummedian). For each county, the weighting factor used was
bers,
with
the 95% confidence limits not including 1.0
directly proportional to the square root of the total
for
the
males
(extending to 1.2 for females) and showed
county population, and hence inversely proportional to
a downward trend with increasing fluoride concentrathe standard error of the mortality rates. We attempted
• •
tion.
to account for the variation in mortality, in two ways: -1)
In
four
instances
(3 sites), the SMR for the controls
how much variation can be accounted for by all these
-was.below
1.0,
but
the
upper bounds the 95% confidemographic variables and 2) how much can be acdence intervals included 1.0.
counted for by these variables plus a "fluoride" variable.
For cancer sites not under a priori suspicion, one
If the total accounted for is significantly increased (Fcancer
(skin) showed a consistent linear trend. The
test) by the addition of the fluoride variable, then we can
trend
ran
in the opposite direction to fluoride exposure
conclude that fluoride has a significant association with
and was limited to women. Although the lowest SMR for
cancer mortality (7). The measure of strength of the
skin cancer was in the highest fluoride category among
association is the regression coefficient associated with
men also, there was no evidence of a trend. In addition,
the fluoride variable.
the SMR's in the last category for men and in the last two
The measure of the relative difference between the
• for women were based on small numbers and the 95%
incidence rates in the two areas used from the National
confidence intervals all included 1.0.
Cancer Surveys is the maximum likelihood estimate of
Four other sites showed extreme SMR's (either largest
the summary relative risk, obtained after stratification
or smallest) in the highest fluoride category among
on a control variable (age). The methods used to obtain
males and females. In three instances—"other endothis estimate and its confidence intervals are described
crine"
cancers, connective-tissue cancers. and Hodgkin's
by Cart (8) and incorporated in a computer program by
disease—the
95% confidence limits included 1.0, and no
Thomas (9).
trend was found (i.e., SMR for controls being 1.0 in 5
of 6 site-sex comparisons). For cancers of the brain and
Results
• other parts of the nervous system, the lowest SMR was
The Texas counties, after having been classified by
in the highest fluoride category for both sexes (0.7 in
level of natural fluoride, were subdivided further by
both) and the highest SMR (1.2) for both sexes occurred
percent urbanization and socioeconomic categories.
in the control counties. The lower bound of the SMR for
The urbanization groups (a71 % urban and <71% urthe control counties was 1.0 for both sexes. The upper
ban) were categorized further by socioeconomic class
bound for the low SMR in the highest fluoride grouping

a
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TABLY 1.-Site- and sex-specific SMIVs and observed number of cancer deaths (1950-69) in counties in Texas grouped according to natural
fluoride levels

Levels of natural fluoride'

Levels of natural fluoride•
Site

Sex

None and nasal
sinuses

6

1.1(15)

1.1(36)

9

1.2(7)

0.7(10)

0.7(20)
0.9(8)

Larynx

6
9

1.1(65)
0.7(5)

1.1(198)
1.1(28)

0.9(46)
1.0(20)

0.8(18)
0.6(5)

Lung

6
9

1.0(999)
0.9(192)

1.0(2,534) 1.0(761)
1.0(551)' 1.0(140)

1.0(914)
1.0(5E0)

1.1(239)
1.0(122)

1.1(112)
1.0(55)

Cervix

9

0.9(247)

1.1(859)

1.0(204)

0.9(74)

Uterus

9

1.0(187)

1.0(448)

1.1(111)

0.8(35)

1.0(306)
1.1(430)

1.0(724)

1.0(195)
1.0(239)

0.9(75)
1.0(107)

Prostate

d

1.0(507)

1.0(930)

1.0(226)

1.1(114)

6
9

1.1(102)
1.0(85)

1.0(242)

1.0(63)
0.9(51)

0.6(18)
0.8(20)

Testis

d

0.9(21)

1.1(83)

0.7(16)

1.6(13)

1.1(213)

Melanoma

1.1(121)
1.0(68)

1.0(235)
1.0(163)

1.2(81)
1.0(46)

0.6(19)
1.2(23)

d
9

1.0(62)
0.9(50)

0.9(127)
1.0(113)

1.2(66)

6
9

1.2(44)

1.3(31)
1.0(16)

Other akin

d

1.0(120)
0.9(65)

1.0(331)
1.0(162)

1.1(88)
1.2(46)

1.0(36)
0.7(12)

9

1.0(79)
1.1(40)

1.0(138)
1.0(74)

1.0(41)
0.8(13)

0.9(17)
0.7(5)

Eye

6
9

0.8(8)
0.6(9)

1.2(22)
1.3(74)

6
9

1.5(13)
1.3(10)

0.9(19)
0.7(7)

Brain

1.0(118)
1.1(70)

6
9

9

1.0(40)
0.9(27)

1.2(125) - 1.0(329)
1.2(102) 1.0(234)

9

1.0(567)

1.0(1,689) 1.0(429)

1.0(186)

Other endocrine

d

Breast

9

1.0(9)
1.0(5)

0.9(22)
0.9(13)

Ovary

9

1.1(239)

1.0(544)

0.9(56)

Connective tiesue

d
9

1.0(14)
0.9(12)

1.5(20)
0.9(11)

Lip

1.8(7)
1.9(8)

d
9

2.4(5)
1.1(8) • 0.9(19)
0.9(5)
(Total of only 6 cases among women)

0.9(43)
1.1(43)

Hodgkin's die- •
ease

6
2

1.4(24)
1.4(14)

el
9

0.9(15)
1.1(8)

1.2(43)
1.0(18)

0.9(10)
1.5(7)

1.1(141)
1.1(84)

0.7(30)
0.6(16)

Salivary gland

1.0(57)
1.1(30)

Other lymplume

d
9

6
9

1.8(16)

1.1(351)
1.0(237)

1.0(97)
1.1(73)

0.9(38)
1.1(31)

0.9(22)
1.2(16)

0.9(8)
0.5(2)

0.8(109)
1.0(99)

6
9

Multiple ayekana

6
9

1.2(51)
0.9(23)

0.9(103)
0.9(59)

1.0(162)
0.9(160)

1.1(410)
1.1(528)

0.7(10)
1.7(13)

0.8(69)
0.7(78)

0.8(30)
0.9(39)

1.2(40)
1.5(27)

Leukemia

1.0(608)
1.0(465)

1.1(198)
0.9(108)

1.1(85)
1.2(60)

1.0(252)
1.0(202)

1.0(676)
1.1(485)

1.0(186)
0.9(119)

1.0(82)
0.9(54)

9

1.0(280)
1.1(199)

d
9

Other and tmspecified

d
9

1.0(319)
1.0(318)

1.0(774)
1.0(854)

1.0(211)
0.9(170)

0.9(83)
0.9(73)

Site

Sex

All sites combined

d
9

Very
InterHigh
mediate
high
1.0(4.467) 1.0(10,721) 1.0(2,960) 0.9(1,174)
1.0(3,707) 1.0(9,517) 1.0(2,385) 0.9(994)

Mouth and
throat

6
9

1.1(123)
1.0(33)

1.0(280)
1.0(8)

0.8(58)
1.2(26)

Esophagus

d

9

1.1(87)
1.2(48)

1.0(203)
1.0(95)

9

1.0(375)
1.0(236)

Colon

6
9

Rectum
. •
Kidney

Stomach

Bladder
Thyroid
Bone

Nasopharynx
Liver and bile
duct
Pancreas

Control

1.0(809)

1.1(7)
0.7(12)
1.2(39)
0.9(14)

0.6(8)
0.8(5)

1.0(155)

Control

Intermediate

High

Very
high
0.8(10)
2.0(9)

0.6(25)

1.3(22)
1.1(7)
0.8(257)
1.0(57)

1.0(7)
1.6(7)
1.0(114)
1.1(85)

0.7(32)
0.7(22)

1.4(15)
1.6(8)

• Numbers of deaths are is paies/heses.
was 1.0 for the males and 1.1 for the females.

To gain better control for urbanization, sodoeconomic class, and other relevant variables, weighted multiple regression analyses were performed. We tried to
explain sex- and site-specific cancer mortality by considering the percent urban, median school years completed •
by the adult population, percent of the total population
who were nonwhite, and percent of the white population who were of foreign stock (first and second generation). As a second step, the weighted average fluoride
concentration for each county was included as a possible
"explanatory" model and its effect tested for statistical
VOL.
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significance. For total cancer, the fluoride variable was
negatively related with the age-adjusted mortality rate
(regression coefficient.= -3.0) for males and -1.50 for
females). This negative association did not approach
statistical significance (at the 0.05 level). In four sex-site
breakdowns, the fluoride variable significantly increased the amount of variation that could be explained;
these were rectal cancer in males, ovarian cancer in
females, and brain cancer in males and females. In each
instance the association was reversed-higher fluoride
concentrations associated with lower mortality rates. In
64 independent tests of significance, we might expect 3
3
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to occur by chance alone (at the 0.05 level). The association with brain cancer might be worth looking into,
however, since it occurs for both sexes and is consistent
,vith the SMR analyses.
AR'TIFICIAL FLUORIDATION STUDY
Methods

To study the effects of artificial fluoridation, calculations were made of the proportion of the population in
each U.S. county, by 5-year interval, residing in communities where the water supply was artificially fluoridated. We did these calculations by hand using the
published census of artificial fluoridation (10). Since the
emphasis here is on time trends, counties were included
for study when communities comprising at least twothirds of the total county population (1960 census) were
first fluoridated in one of three time intervals (1950-54,
1955-59, or 1960-64). Control counties were those in
which no communities artificially fluoridated their water supply before 1970. Counties with communities having naturally fluoridated water systems were not eliminated from either exposed or control group. Such an
exdusion was not necessary, since the natural fluoridation study, which was done first, revealed essentially no
effect of natural fluoridation on cancer risk. Even if
there were such an effect, it would be constant and thus
controlled for by our study design, which was a trend
analysis of differences in risk over time related to the
onset of artificial fluoridation. Appendix table 3 lists the
counties in each grouping.
The sources of data for deaths and populations at risk
were the same as those described for the natural fluoridation study. However since this analysis was based on
time trends, age-adjusted rates were also calculated for
the 5-year intervals (pentads) 1950-54,1955-59,1960-64,
.
and 1965-69 for each grouping of counties.
The measure of association used was the ratio of the
age-adjusted rates in the several groupings of fluoridated counties to that in the control counties. Summary
SMR's were also calculated for 5-year intervals before,
during, and after fluoridation. The method of calculation of these SMR's was the same as that described for
the natural fluoridation study, only in this instance the
control variable on which the data were stratified was
calendar time, in the 5-year intervals used. The standard set of age-specific rates used to generate the expected values were those prevailing in the control counties in each calendar time grouping.
A regression analysis similar to that used in the natural fluoridation study was also used to reanalyze the
report in the Congressional Record (1). However, since
this involved only artificial fluoridation, the fluoride
variable was dichotomous ("1" for a fluoridated county
and "0" for a nonfluoridated one). Since this analysis
also involved large urban areas throughout the United
States, two additional demographic variables were taken
from the U.S. census—percent Of the employed engaged in manufacturing industries and geographic reTion of the county.
NATL CANCER INST

Results

The effect of artificial fluoridation was evaluated by
"the difference in mortality rates between counties in
which no community was artificially fluoridated in the
20-year period and counties that underwent rapid and
massive fluoridation in one of the first three pentads.
This comparison made possible the calculation of ratios
of rates in fluoridated counties to those in nonfluoridated counties in various time intervals before, during,
and up to 15 years after fluoridation. Since all but one of
the fluoridated counties were greater than two-thirds
urban (the exception being 60% urban), comparison was

made with nonfluoridated counties that were at least
two-thirds urban in 1960. (In addition, ratios were calculated for all nonfluoridated counties and yielded results
consistent with those presented here.)
The percent of the population exposed to fluoridation in the 5-year interval for each group of counties
was: 86% in 1950-54, 84% in 1955-59, and 74% in 196064.

If fluoridation increases cancer risk, then the ratios of
age-adjusted cancer deaths in fluoridated to nonfluoridated counties should increase with time after fluoridation. This trend was not seen for men or women (table
2). The rates for both men and women in the counties
fluoridated in 1950-54 were 10% greater than those in
the nonfluoridated counties in 1950-54, and in each
successive 5-year interval. The results for counties fluoridated in 1955-59 and 1960-64 were similar and established the consistency of the ratios 5 and 10 years before
the fluoridation. It is important to note that for counties
fluoridated after 1954 (i.e., counties for which we have
prefluoridation and postfluoridation data), the rates
were higher before fluoridation than in the control.
• counties.
The summary line of table 2 gives SMR's for each 5year .grouping. These SMR's control for calendar time
' differences in giving summary estimates for each of the
fluoridation-related time periods. For all sites combined, these estimates showed no important variation in
risk over time—the same observation noted in the detail
of table 2.
Table 3 presents these summary SMR's with the total
numbers of observed deaths for each cancer site in men
and women. Except for some rare aims, most comparisons were based on large numbers of deaths and provided stable estimates.
The uniformity of the SMR's over time is striking. For
the 11 sites chosen because of a priori suspicion, three
showed an SMR in both sexes 15 years after fluoridation
that was different from the one 5 years before fluoridation (stomach, colon, and bone); but in each instance the
SMR was lower after fluoridation. However, for colon
cancer in both sexes and bone cancer among women,
the postfluoridation SMR's were the same as those computed for the 5-year period when fluoridation took •
'place.
-The SMR's for sites without a priori suspicion also
showed only small changes with time'. Specific attention
was given to sites in which 1.) the SMR's 15 years after
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TABLE. 2.-Ratios of age-adjusted cancer mortality rates (all sites) in fluoridated counties to those in control counties in 5-year intervals
(pentads), by pentad of fluoridation and see

Pentad of fluoridation
Males:
1950-54
1955-59
1960-64
Summary SMR

Prior to fluoridation
10 yr

5 )1'

1.02
1.01
(3,123)

1.17
1.03
1.16
(36,873)

1.11
1.15
1.02
1.12
(76.858)

1.12
1.16
1.03
1.13
(83,697)

1.13
1.05
1.13

1.10
1.13
1.02
1.11
(69,985)

1.10
1.13
1.06
1.11
(73,168)

Females:
1950-54

1955-59
1960-64
Summary SMR

After fluoridation

Ratio in pentad of
fluoridation

1.01
1.01
(2,873)

5 i-

IO yr

15 yr

1.11

1.10

1.12
1.11
(82,583)

1.10
(47,111)

1.09
1.12

1.09

1.10

1.09
(41.166)

(71,688)
(32,864)
• Summary SMIt's for each interval are also provided based on total numbers of deaths (in parentheses).

fluoridation were above or below the SMR's for the
. pentads before and during fluoridation, and 2) the variation was in the same direction for both sexes. Three
sites showed a slight upward trend, and three a slight
downward trend. A detailed breakdown is given in table
4. In every instance there was no evidence of a trend
that was consistent between the three study groups of
fluoridated counties.
Further analysis was made of counties in which communities containing 80% or more of the population
were fluoridated in one of the 5-year periods specified.
This examination was confined to counties fluoridated
in 1950-54 and in 1955-59; since only one small county
was 80% fluoridated in 1960-64. The weighted average
population receiving fluoridated water in the 1950-54
group was 95%. The weighted average for the group
fluoridated in 1955-59 was 96% of the population.
The ratios for all sites combined are given in table 5.
The ratios did not increase over time as would be expected if fluoride exposure increased cancer risk. Three
of the 11 a priori selected sites showed a trend in both
sexes among the counties fluoridated in the early
1950's-mouth and throat, colon, and kidney. The ratios of the age-adjusted rates for these cancers are given
in table 6. The trend was upward for mouth and throat
cancers and downward for colon and kidney cancers,
but the differences were minimal. In most instances the
data from counties fluoridated in 1955-59 did not show
a similar trend. None of the other sites analyzed gave
any. consistent evidence of either a positive or negative
correlation with fluoridation.
Incidence data, although sparse, might uncover a
trend before its appearance in mortality statistics. Some
use can be made of information from the Second and
Third National Cancer Surveys. The Second Survey was
conducted in 1947-48 in ten metropolitan areas in the
United States, and the Third Survey in seven metropolitan areas and two States in 1969-71. There were seven
areas included in both surveys. Birmingham wasthosen
as the control area for our comparison; it was the only
location remaining largely unfluoridated in the years
after the Second Survey (only 5.2% of the 1970 SMSA
VOL. 57, NO. 4, OCTOBER 1976

was fluoridated by 1970). Denver was chosen as the
fluoridated area most likely to uncover an effect on
cancer risk; it was not fluoridated in 1947-48, but by
1955, 66% of the 1970 SMSA had been fluoridated. All
of the other areas common to both surveys had undergone significant fluoridation by 1970, but Denver had
the most massive fluoridation immediately after the Second Survey. Ratios of rates in Denver versus Birmingham are presented in table_7. There were 22 comparisons made for the sites chosen with a priori suspicion; in
9 instances the ratio went up, in 8 it went down, and in 5
it remained the same. The ratio moved in the same
direction in both sexes for only 2 tumors-up for esophagus and down for bone. For the 22 comparisons made
for other sites, in 10 instances the ratio went up, in 11 it
went down, and in 1 it remained the same. Table 8 gives
the estimate of the summary relative risk (Denver relative to Birmingham) after stratification on age for all
cancers combined (minus skin). The point estimates
changed very little. In addition, the relative risks for the
Third Survey fell well within the confidence limits of the
Second, indicating no statistically significant differences. Also, there were no significant differences for
sites in which both sexes showed similarities in trends
(esophagus, bone, small intestine, liver, lung, Hodgkin's
disease, "other lymphomas," and leukemia), or for the
sexual and reproductive sites.
DISCUSSION

•

This study prOvides no support for recent claims that
the fluoridation of water supplies in the United States
has increased the risk of cancer. No significant excess
mortality from cancer could be detected up to 15 years
after fluoridation in areas where 95% of the population
were abruptly and then continuously exposed.
The possibility that .a latent period longer than 15
years may be involved was 'evaluated by a study of communities long exposed to natural fluoride at various
levels. The risk of cancer was not elevated in these areas,
in accord with findings from the United Kingdom (5, .
11). Since both artificial and nattiral fluoridation exposures reduce the risk of dental caries, it seems likely that
NATL CANCER 1NST
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TABLE 3.-SMR's and number of deaths in fluoridated counties in 5-year intervals (pentads) related to pentad of fluoridation*

Prior to fluoridation
Site

Sex

Ratio in pentad
of fluoridation

After fluoridation

1.3(2.581)
1.1(509)

5 yr
1.3(2.695)
1.1(622)

10 yr
1.3(2.654)
1.0(573)

15 yr
1.3(1.491)
1.1(454)

Mouth and throat

d
2

10 yr
1.1(100)
1.3(25)

Esophagus

a
9

1.0(80)
0.7(15)

1.7(1,444)
1.1(252)

1.5(2.619)
1.1(571)

1.4(2.546)
1.1(609)

1.4(2,335)
1.1(641)

1.3(1.244)
1.1(382)

Stomach

a
9

1.0(352)
0.9(205)

1.3(4,509)
1.2(2.630)

1.2(8.053)
1.2(5,143)

1.2(6,971)
1.1(4.340)

1.2(5,597)
1.1(3.655)

1.0(2.454)
1.0(1,671)

Colon

d
9

1.2(320)
1.0(342)

1.3(3.695)
1.2(4.092)

1.3(7.519)
1.1(8.604)

1.3(8.199)
1.2(9,733)

1.2(8,037)
1.2(9,433)

1.2(4,497)
1.1(5,368)

Rectum

8

9

1.2(185)
1.0(129)

1.4(2,179)
1.2(1.532)

1.3(041)
1.2(3.040)

1.3(4.095)
1.2(2,078)

1.3(3,463)
1.1(2,556)

1.2(1.673)
1.2(1.390)

Breast

9

1.1(556)

1.2(6,403)

1.1(13,833)

1.2(14.986)

1.1(14,631)

1.1(8,331)

Ovary

9

1.1(186)

1.2(2.202)

1.1(4.568)

1.2(5.096)

1.1(4.969)

1.1(2.802)

Kidney

d
9

1.1(76)
1.2(44)

1.1(785)
1.3(517)

1.2(1.796)
1.1(991)

1.2(1,946)
1.1(1.142)

1.1(1,889)
1.0(1,072)

1.1(1.009)
1.0(633)

Bladder

a
9

1.0(134)
1.0(55)

1.2(1,689)
1.2(678)

1.1(3,211)
1.2(1,448)

1.2(3.411)
1.2(1,472)

1.1(3,116)
1.1(1,374)

1.1(1.649)
1.2(839)

Thyroid

a
9

1.4(13)
0.8(13)

1.2(118)
1.1(185)

1.1(210)
1.3(468)

1.3(222)
1.2(417)

1.2(197)
1.0(332)

1.1(93)
1.1(191)

Bone

a
9

0.9(28)
1.1(23)

1.2(351)
1.1(216)

1.1(642)
1.0(438)

1.1(597)
1.1(413)

1.1(499)
1.1(358)

1.0(269)
1.0(173)

Lip

8
9

0.8(7)
0.0(0)

1.0(91)
0.6(5)

0.8(138)
0.8(13)

1.1(128)
0.9(13)

0.9(67)
1.1(12)

1.2(41)
1.3(6)

Salivary gland

d
9

0.6(5)
0.7(4)

1.0(88)
0.9(52)

1.2(214)
1.1(132)

1.3(242)
•1.1(136)

1.1(200)
1.1(136)

1.1(96)
1.0(63)

Nasopharynx

d
9

1.0(6)
1.8(4)

1.3(87)
1.0(24)

' 1.2(190)
1.3(68)

1.2(220)
1.0(64)

L1(207)
1.1(72)

1.2(117)
. .0.8(32)

Liver and bile duct

a
9

0.9(105)
1.0(135)

1.2(1.316)
1.3(1.745)

1.1(2,578)
1.2(3.288)

1.1(2.481)
1.2(3,071)

. 1.1(2,168)
1.2(2,683)

1.2(1,126)
1.1(1,278)

Pancreas

8
9

1.1(171)
0.9(100)

1.1(1,797)
1.1(1,287)

1.1(3,946)
1.1(2.811)

1.1(4,506)
1.1(3.282)

1.0(4,475)
1.1(3.502)

1.0(2,580)
1.0(1,980)

Nasal sinus

a
9

0.7(6)
1.4(9)

1.1(100)
1.0(67)

1.1(199)
0.9(116)

1.1(193)
1.1(126)

1.0(173)
1.1(114)

1.0(97)
1.0(65)

Larynx

a
9

1.0(49)
1.3(6)

1.3(700)
1.0(45)

1.3(1,429)
1.1(119)

1.2(1.425)
1.0(115)

1.2(1,411)
1.1(149)

1.2(785)
1.1(94)

9

1.0(525)
1.1(110)

1.1(6,682)
1.2(1,256)

1.1(15,280)
1.1(2.672)

1.1(19.605)
1.0(3.282)

1.1(21,781)
1.0(4,162)

1.1(13,555)
1.1(2,961)

a
9

0.9(24)
1.0(20)

0.7(202)
0.8(169)

0.8(508)
0.9(447)

•0.9(614)
0.9(479)

0.9(698)
0.9(539)

0.9(424)
0.9(361)

d
9

1.1(35)
1.2(22)

0.8(233)
0.8(165)

0.8(529)
1.0(387)

0.9(562)
0.9(324)

0.9(473)
1.0(288)

1.0(259)
1.0(155)

Eye

a
9

0.9(4)
1.3(5)

1:4(66)
1.2(47)

0.9(86)
1.2(105)

1.1(99)
1.1(95)

1.1(89)
1.1(92)

1.3(52)
1.0(51)

Brain and other parts of
nervous system

d
9

1.2(91)
1.0(52)

. 1.1(892)
1.2(671)

1.1(1.903)
1.1(1.356)

1.1(2,081)
1.1(1,534)

1.1(2,042)
1.0(1.519)

1.1(1,207)
1.0(999)

Other endocrine glands

d
9

0.6(5)
0.5(2)

0.8(69)
1.1(48) '

1.0(168)
1.0(94)

1.0(169)
1.0(105)

1.1(151)
1.1(112)

0.8(61)
1.0(55)

Lung
Melanoma

3
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• TABLE

3.-Continued

Prior to fluoridation
Site

10 yr

nnective tissues
9

After fluoridation

Ratio in pentad

Sex
0.9(10)
1.1(9)

by,.
0.8(89)
0.9(77)

•• of fluoridation

15 yr

10 yr

5 yr

1.0(239)
1.1(214)

1.0(280)
1.0(251)

1.1(313)
1.0(275)

1.2(222)
1.0(165)

Hodgkin's disease

•

0.9(41)
1.3(35)

1.0(467)
1.1(320)

1.0(1,011)
1.0(635)

1.1(1.063)
1.0(697)

1.0(923)
1.2(764)

1.1(569)
1.1(386)

Other lymphomas

a

0.9(70)

0.8(39)

1.1(890)
1.2(653)

1.1(2,050)
1.2(1,533)

1.1(2,382)
1.1(1,799)

1.1(2,426)
1.1(2,052)

1.1(1,332)
1.1(1,246)

Multiple melanoma

•
•

0.9(22)
1.0(17)

0.9(258)
1.0(192)

1.0(632)
1.2(556)

1.0(748)
1.1(699)

1.0(811)
1.0(708)

1.1(527)
1.0(432)

Leukemia

6
9

1.1(166)
1.2(129)

1./(1.6351
1.1(1,208)

1.0(3,335)
1.1(2,737)

1.1(3.860)
1.1(2.947)

1.1(3,817)
1.0(2,879)

1.0(2.108)
1.1(1,777)

Other

a
9

1.0(203)
0.8(184)

0.9(1,923)
0.9(2.042)

1.0(4,436)
1.0(4,844)

1.0(4.682)
1.0(4,871)

1.1(5,173)
1.1(5.383)

1.2(3,400)
1.2(3,678)

Cervix

•

1.1(235)

0.9(1,889)

1.0(4,490)

1.0(4.101)

1.1(1.563)

1.1(1,824)

Corpus uteri

•

1.0(169)

1.2(2,010)

1.1(3.765)

1.2(3.368)

1.2(3,000)

1.0(1,414)

Proitate

a

0.9(275)

1.1(3,143)

1.0(6,565)

1.1(7.104)

1.1(6,896)

1.1(3,933)

1.0(174)

1.2(425)

1.1(375)

1.2(391)

0.9(175)

0.5(9)
Testis
• Number of deaths are in parentheses.

Tants 4-Ratios of age-adjusted cancer mortality rates in fluoridated counties to those in control counties in 5-year intervals (pentads), by
pentad of fluoridation and vex for 6 cancer sites •
Site

Pentad of
fluoridation
1950-64
1955-59
1960-64
1950-54
1955-59
1960-6i

Testis

1950-54
1955-59
1960-64

'Other and unspecified" 1950-54
1955-59
1960-64
Females
Lip .

Cervix uteri
Corpus uteri

1950-84
1955-89
1960-64
1950-54
1955-59
1960-64
1950-54
1955-59
1960-64

57, NO. 4, OCTOBER 1976

10 yr

15 yr

1.00(32)
1.24(43)
0.92(3)

1.18(41)

0.79(7)

0.95(94)
0.62(39)
1.15(5)

0.87(39)

1.08(83)
1.08(8)

1.05(2,173)
1.12(2.096)
1.00(237)

1.02(2.341)
1.08(2,134)

1.10(171)

1.06(1,867)
1.09(1,667)
0.99(212)

1.04(2,580)

1.05(1.578)
1.16(219)

1.21(21)

1.15(222)
1.26(183)

0.89(14)

1.10(206)
1.18(164)
0.64(15)

1.18(206)
1.27(185)

0.88(175)

1.01(153)

1.05(2,397)
0.95(1,823)
0.01(216)

1.11(2,583)
0.90(1,803)
1.09(295)

1.19(2.913)
1.01(2,260)

1.20(3,400)

0.98(203)

0.89(1,728)
0.92(195)

1.00(10)
0.50(3)
-(0)

0.97010
0.91(5)
-(0)

0.96(7)
1.43(5)

1.36(6)

- (0)

0.87(5)
-(0)
1.12(1.141)

1.06(1,358)
1.07(1,329)
0.79(124)

1.01(1,603)
1.10(1,509)
0.96(170)

1.05(1,850)
1.11(1,652)

1J01(1.980)

1.04(2,525)
0.93(1,714)

1.04(2,181)
1.07(1,30

1.08(1.824)

1.33(251)

1.03(2,384)
0.94(1,532)
1.19(185)

1.06(2,054)
1.22(1,556)
1.07(145)

1.11(1,790)
1.23(1,444)
1.07(134)

1.08(1,625)
1.31(1,374)

1.03(1,414)

1.15(2,849)
0.86(1,730)
1.06(292)

1.18(3,077)
1.03(2.306)

1.25(3.678)

0.53(9)

0.90(100)

1.06(146)

1.13(235)

0.86(1,681)
1.03(208)

1.01(169)

1.20(1,667)
1.01(143)

1.04(2,737)
'Other and unspecifiar 1950-511
•
0.66(1,799)
1955-59
0.97(1,872)
•
1960-64
1.12(243)
0.81(184)
1.00(235)
• Total number of deaths OD which the rates in the fluoridated counties are based are
VOL.

Syr

5 yr

195fp-59

Pancreas

tad of fluoridation

10 yr

1950-84
19601-64

After fluoridation

Ratio in pen-

Prior to fluoridation

763

1.01(28)

in parentheses.
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other biologic effects would be similar (1 2) . Of possible
importance was the reduced mortality from cancers of
the brain and nervous • system in communities with high
levels of natural fluoride. This finding might be due to
:hance, because of the multiple comparisons made in
this analysis, but additional observations in other areas
seem indicated.
Since demographic factors such as urbanization, soci-

oeconomic class, and ethnicity affect cancer rates, we
attempted to control for them by various multivariate
techniques, including cross-classification and regression
analyses. In addition. we made comparisons involving
the same area before and after fluoridation. These
methodologies cannot exdude the influence of all variables affecting cancer risk, particularly when one is dealing with heterogeneous and dynamic populations. For
example, when the same area before and after fluoridation is compared to a control area, changes in other
potential risk factors' may have occurred differentially

Tana 5.-Ratios

of age-adjusted cancer mortality rates (all sites) in
heavily fluoridated counties to those in control counties in 5-year
intervals (pentads). by pentad of fluoridation and see

yr before
fluaridation

Pentad of
!Worlds.
tion
Males:
1950-54

Ratio in
pentad of
fluoridation
1.17
(27,369)

1955-59

1.18
(11,095)

Females:
1950-54

over time in these areas also. However, the ratios of
urbanization, socioeconomic, and ethnic variables in the
group fluoridated in 1950-54 to those in the control
group varied by 8% or less between the 1950 and 1970
censuses. However, these confounding variables might
be responsible for the small differences in risk yielded
by certain analyses in this study. In addition, the task of
relating community fluoridation measures to total
Twine 7.-Direction of change • in the ratios of the age-adjusted, site.
specific cancer incidence rates in Denver, Colorado. and Birmingham, Alabama
Males
Females
Site
0
All sites
Buena) cavity
0
Esophagus
Stomach
Large intestine
0
Rectum
Breast
0
Ovary
Kidney
4.
Bladder
4.
Thyroid
Bone

After fluoridation
Syr

10 yr

15 yr

1.19'
(29,806)

1.16
(30,315)

1.16
(31,144)

Small intestine
Liver
Pancreas
LAITY=

1.18
(11.929)

1.17
(12.311)

1.16
(12,523)

1.13
(25,766)

1.16
(26,582)

1.13
(26,514)

1955-59

Wig
Uterus
Vagina
Prostate
Other male genital
Brain and nervous system
Hodgkin's disease
Other lymphoma
Leukemia

1.14
(27.176)

1.11
'113
1.12
1.10
(9.951)
(10.383)
(10.494)
(10,591)
• Total number of deaths on which the rates in the fluoridated
counties are based are in parentheses.

4.

+

• From Second National Cancer Survey (1947-48) to Third National Cancer Survey (1969-71). + indicates a greater ratio in the
Third Survey than in the Second; - indicates a lesser ratio in the
Third than in the Second; 0 indicates no 'change. Those sites listed
above the dotted line indicate those sites with a priori suspicion.

TAR= 6.-Ratios of age-adjusted cancer mortality rates in heavily fluoridated counties to those in contra/ counties in 5-year intervals (pentads),
by pentad of fluoridation and sea for 3 cancer sites'
Site

Pentad of
fluoridation

5 yr before 'kalidation .

1950-54
1955-59

1.43(407)

Males:
Mouth and throat

Rectum

195044
1955-59

1.46(438)

1.43(1.672)
1.41(686)

1.34(622)

Females:
Mouth and throat

1.37(1,020)
1.39(406),

1.44(1,055)

1.43(1,617)
1.37(568)

1.30(1.345)
1.41(510)

1.30(1,183)
1.14(669)

1.23(617)
1.07(263)

1.06(647)

1.24(196)
0.88(64)

1.19(220)
1.09(93)

1.20(258)
1.15(117)

1.30(327)

1.09(68)

1.26(1,244)

1.28(1.212)
1.18(419)

1.17(1,043)
1.05(320)

1.23(941)

1.04(380)
0.97(147)

1.04(410)

1.24(480)

1.31(490)

1.14(391)
1950-54
1.13(337)
1.23(180)
1955-59
1.25(147)
1.06(141)
• Total number of deaths on which the rates in the fluoridated counties are based are in parentheses.

Kidney

NATL CANCER 1NST

1.51(1,049)

1.42(394)

1.18(264)

195044
1955-59

15 yr

0.99(206)

1.19(617)

195044
1955-59

10 yr .

-

195044
1955-59

Syr

1.37(967)

•

Kidney

After fluoridation

Ratio in pentad of
fluoridation

1.26(296)
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control counties. However, we did not select the study
S.-Age-adjusted RR and Us 95% confidence intervals (95%
Cli of cancer incidence in the Denver, Colorado, SMSA to that in. ,
counties by virtue of their cancer experience or anythe Birmingham, Alabama, SMSA, in 2 time periods, all sites
thing correlated with it, so it is likely that as a group
combined'

TABLE

Sex

Second National Cancer
Survey (1947-48)

Third National Cancer
Survey (1969-71)

95% Cl
0.92-1.19

RR

RR

95% Cl

0.97

0.92-1.03

these counties are representative of all U.S. counties
that could meet our criteria for fluoridated or control
areas.
The report of a positive association between fluorida-

tion and cancer that appeared in the Congressional
Record (1) also utilized U.S. cancer mortality statistics.
That report based many of its conclusions on a compari0.91-1.15
1.02
1.07
F
1.02-1.13
. • Except skin cancer. son of counties containing the 10 largest fluoridated
cities to counties containing the 10 largest nonfluoridated
cities. No attempt was made to take into account
Talus 9.-Regression coefficients ()ond F values associated with a
the demographic variables known to affect cancer morfluoride variable entered into a regression analysis to predict sextalky. Table 9 shows the gross differences that can occur
and site-specific cancer mortality rates in 20 counties' with and
without cantrol • for demographic risk factors if these factors are not considered. We analyzed the
cancer mortality data for the same 20 study counties and
Without control
With control
M

Site

1.04

Sex '
d

1.14

F'
2.6

throat

9

-0.16

1.9

-0.78
-0.13

0.8
0.9

Esophagus

d
9

2.55
-0.08

25.0
0.5

0.57
-0.29

2.6

d

9

6.02
2.22

19.7
11.1

2.31
0.79

11.6

d
2

5.47
3.57

23.1 •
13.3 .. *

0.64
-0.31

0.3

d

9

3.72
1.50

21.5

1.12

1.1

17.5

0.22

0.2

east

9

3.85

16.1

0.76

0.2

Ovary

9

1.18

• 9.8

0.69

2.3

7.2

0.11

0.2

8.2

0.07

0.7

13

Mouth and

Stomach
Cajon
Rectum

Kidney

d

• 9

.

_0.44
.0.21

.
-

P

F'

1.2

7.4

0.1

0.84
1.3
8
1.49
13.1
0.36
8.9
0.26 •
9
2-2 .
• Same 20 counties used in another study (/ ).
• In the without control group, the fluoride variable was the only
one entered. In the with control group, the fluoride variable was
entered in the second step of an analysis in which the following
variables were entered in the first step: population density, median
number of years of schooling of the adult population, percent nonwhite, percent foreign stock, percent employed in manufacturing,
and geographic section of the country.
• F (1,18 degrees of freedom), approximate values where Pn0.05 is
4.41.
• F (1, 10 degrees of freedom), approximate value where P v.0.05 is
4.96.

the 9 cancer sites reported to be correlated with fluori.
dation, using the same weighted regression technique as
in our earlier analyses. When only the fluoride variable

(0 or 1) was used to predict the cancer mortality rate, it
was a highly significant predictor, being positively associated with most of the sex-site groupings. However,
after the other demographic variables were taken into
account, the presence or absence of fluoride Made no
statistically significant contribution for any site, other
than stomach cancer. Stomach cancer is known to develop excessively in certain ethnic groups (1 3) . Regression analyses for stomach cancer that allowed for control
of the high-risk ethnic groups yielded a nonsignificant F
value of 0.02 for females and a value of 6.9 for males
(P<0.05). Thus almost all the elevated cancer mortality
rates previously described (1) for artificially fluoridated
areas can be . traced to confounding . demographic risk
factors.
APPENDIX

Bladder

county populations was complicated by the varying deli- .

nitions of "community," the small size of Many water
districts, and the propensity of some communities to
purchase their water from others, making it difficult to
identify "exposed" and "unexposed" counties . for the
entire country. There may be other areasin the country
that would meet our criteria for either fluoridated or
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1.-Texas

-

counties allocated to natural fluoride
groupings

Level of natural fluoride
Control
Bastrop
Bowie

Intermediate
Brooks
Cameron
Brazos
Crockett
Brown El Paso
Coleman
Galveston
Crane
Gray
Dimmit
Heideman
Jones
Hidalgo
Llano .
Howard
Montague
Lubbock
Palo Pinto
Maverick
Sutton
McCulloch
Uvalde
Navarro
Val Verde
Webb
Victoria
Winkler

Zavala.

High
Calhoun
Ector
Garza
Hansford
Hutchinson
Moore
Potter
Randall
Reagan
Reeves
Upton
Ward

Very high
Andrews
Brewster
Dallam
Dawson
Jim Hogg
Midland
Ochi
peccaltree

Presidio
Yoakum

•
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APPIENDIX TABLE

2.—Bite combinations used in county analysis
ICD No. •
Site
140
142
146

Lip
Salivary gland
Nasopharynx
Mouth and throat
Tongue
Floor of mouth
Other pans of mouth; and mouth, unspecified
Oral mesopharynx
Pharynx, unspecified
Esophagus
Stomach
Colon (large intestine, except rectum)
Rectum
.Hepatobiliary (binary passages and liver stated
to be primary site or unspecified)
Pancreas
Nasal sinuses (nose, nasal cavities, middle ear,
and accessory sinuses)
Larynx
Lung
Trachea, bronchus and lung specified as pri:nary
Lung and bronchus, unspecified as to whether
-primary or secondary
Breast
Cervix uteri
Corpus uteri
Other parts of uterus, including chorionepithelioma
Uterus, unspecified
Ovary (including fallopian tube and broad ligameat)
Prostate
Testis
Kidney
Bladder (including other urinary organs)
Melanoma of skin
Other skin
Eye
Brain (including other parts of nervous system)
Thyroid gland
Other endocrine glands
Bone (including jaw bone)
Connective tissue
- Hodgkin's disease
Non-Hodgkin's lymphoma:
Lymphosarcoma and reticulosarooma
Other forms of lymphoma (reticulosi4)
Mycosis fungoides
Multiple myeloma (plasmacytcona)
Leukemia and &leukemia
Other (all ICD's not previously listed)
All malignant neoplasms

141
143
144
145
148
150
151
153
154
155
157
160
161
162
163
170
171
172
173
174
175
177
178
180
181
190
191
192
193
194
195
196
197
201
200
202
205
203
201
147, 152, 166, 158,
164,165, 176, 179,
198, 199
140-205

'From (14).
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APPENDIX TABLE S.—Counties or cities used in artificial fluoridation study

Specification
Controls'

Arizona
Arkansas
California
Colorado
Florida
Georgia
Idaho
Indiana
Iowa
Kansas
Louisiana
Massachusetts
Michigan
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
Ohio
Oklahoma
Oregon
Pennsylvania
South Carolina
South Dakota
Texas .

Utah
Washington
Wisconsin
Wyoming
Fluoridation of water supply during 1950-54

Arkansas
California
Colorado
District of Columbia
Georgia —
Indiana
Iowa

Kansas
Kentucky
Maryland
Minnesota
Mississippi
North Dakota
Oklahoma
Pennsylvania
Rhode Island
South Dakota
Texas

Virginia
West Virginia
Wisamain
Wyoming
Fluoridation of water supply during 1955-59

Georgia
Illinois
Iowa

Kansas
.Missouri
Montana
New Mexico
North Dakota
Ohio
Texas
VOL.

County or city

State

57, NO. 4, OCTOBER 1976

Maricopa. Pima, Santa Cruz
Sebastian
Kern. Mann. Orange, Riverside, Sacramento. San Bernardino. San Diego. San
Joaquin. Santa Barbara, Yolo
El Paso, Pueblo
Broward, Duval, Escambia, Hillsborough, Pinellas, Sarasota
Bibb, Chatham, Glynn, Muscogee
Bannock, Bonneville
Fayette, Vigo
Woodbury
Barton, Finney, Pratt. Scott, Seward, Sherman
Caddo. Calcasieu, East Baton Rouge. Iberia. Orleans, Ouachita
Berkshire, Hampden, Nantucket, Suffolk
Dickinson, Gogebic
Forrest, Harrison. Warren, Washington
Boone. Buchanan, Greene, Jackson, Pettis
Cascade, Lewis and Clark, Missoula, Powell, Silver Bow. Yellowstone
Adams, Box Butte, Hall, Lancaster
Clark, Waahoe
Hillsborough
Bergen, Camden. Cumberland, Essex, Gloucester, Hudson, Passaic
Bernalillo, Chaves, Curry. Eddy. Hidalgo, Lea, Los Alamos, Luna, Otero
Rockland
Allen, Clark, Montgomery, Richland, Stark
Comanche
Multnomah
Montgomery
Charleston
Lawrence, Minnehaha, Pennington
Andrews, Bezar. Brazos, Brewster, Brooks, Brown, Cameron, Childress, Comal,
Crane, Crockett, Dallam, Ector, El Paso, Galveston, Garza, Gray, Harris,
Hidalgo. Howard, Hutchinson, Jim Hogg. Kleberg, Lubbock, McLennan, Maverick. Midland, Ochiltree, Potter, Randall, Reagan, Reeves, Scurry, Sutton,
Tom Green, Travis, Vol Verde, Victoria, Webb, Wilbarger, Winkler, Zavala
Davis, Grand, Iron, Salt Lake, Utah, Weber
Asotin, Franklin, Spokane, Walla Walla
Douglas
Laramie, Natrona, Sweetwater
Pulaski
San Francisco
Denver

• Washington
Dougherty
Allen, Howard, Marion
Dubuque, Linn, Scott
Douglas
Jefferson
Baltimore, Baltimore City
Ramsey
Lauderdale
Cass
Jackson, Oklahoma, Tulsa
Philadelphia
Bristol
Brown. Codington, Davison
Nueces, Stephens
Arlington, Chesapeake, James City
Cabal, Ohio
Milwaukee, Winnebago
Albany
Ware
Cook, Morgan
Polk, WaPello
Lyon, Shawnee
CO* Girardeau, Marion, St. Louis City
Custer
Santa Fe
Burleigh, Grand Forks
Cuyahoga, Lucas
Nolan
J
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APPENDIX TABLE

Specification
- noridation of water supily during 1960-64

3.—Con1inued
County or city

State

Vanderburgh
Indiana
Des Moines, Pottawattamie
Iowa
Wyandotte
Kansas
Cole
Missouri
Mercer
New Jersey
Durham
North Carolina
Kenosha
Wisconsin
• Only those z2/3 urban counties are listed, since these were the counties used to produce the results presented.
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GUEST EDITORIAL

The editor's page
NIDR study shows no relationship
between fluoridation
and tooth decay rate
By John A. Yiamouyiannis

Data collected by the National Institute of Dental
Research (NIDR) of the United States Public
Health Service (USPHS) produced the largest and
most extensive database ever used to determine
whether there is a relationship between fluoridation
and tooth decay. Released on June 21, 1988, the
$3,670,000 nationwide survey examined 39,207
U.S. school children aged 5-17 from 84 different
geographical areas.
Of the 84 areas, 28 had been fluoridated for 17
years or more, 29 had never been fluoridated, and
27 had been only partially fluoridated or fluoridated for less than 17 years. Age-adjusted tooth
decay rates for the permanent teeth of children
were determined for each of the 84 areas which
were then listed in the order of increasing tooth
decay rates. The listing showed clearly that there
was no relation between tooth decay rates and
fluoridation. Ironically, the lowest tooth decay rate
reported in the survey occurred in a nonfluoridated
area.

The average number of decayed, missing, and
filled permanent teeth (DMFT) per child was 2.0
in the fluoridated areas, 2.0 in the nonfluoridatr.d
areas, and 2.2 in the partially fluoridated areas.
The percentage of decay-free children in the fluoridated, nonfluoridated, and partially fluoridated
areas was 34%, 35%, and 31%, respectively.
• The foregoing results compiled from an analysis
of the data gathered by NIDR were neither
sought—nor reported in the NIDR release. At the
Safe Water Foundation, we extracted these results
from the data of the NIDR survey and submitted

Dr..riamouyiannis is President. Safe Water Foundation. Delaware.
Ohio.
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them to the journal, Comm. Dent. Oral Epidemiol., for publication. After reviewing the manuscript we submitted, Dr. Irwin Bross, the former
Head of the Research, Design, and Analysis unit
of the Sloan-Kettering Institute, former . Director
of Biostatistics of the Roswell Park Memorial Institute, and the current President of Biomedical
Metatechnology, commented: "The material is
clear and well presented. It provides a good demonstration of its main points: There is not much
difference in tooth decay rates or in the percentages
of decay-free children in the three fluoridation
categories."
Getting the data from the NIDR was hie pulling
teeth. Not only did the Institute drag its feet in
sending the data, but when they were sent, the
NIDR went out of its way to supply the data in
printout form rather than in the computer-readable
form requested.
We had requested the data within a week of the
report's release. Four months later, on October
13th, we received not the dozen or so diskettes

expected, but 2142 pages of data with approximately 3000 numbers per page. Instead of spending
a matter of minutes to transfer the data onto diskettes, the MDR spent hours printing out the data
with no advantage to the Institute except that they
made it almost impossible for us to analyze the
data.
To do so, we manually processed 6,348,264
numbers, triple-checking the calculations, before
entering the resulting figures into a computer and
double-checking the entries. This took three
months of round-the-clock. work. In addition to
the commitment of his own time, thousands of
dollars of the author's personal funds were necessary to finance the study. In the dental research
field, funding from NIDR is the name of the game.
For obvious reasons, we did not apply for funding.
AMERICAN LABORATORY

Table 1. The nurecor 01 crutlren eiarnned and the ade•aoiuster0

- MOT. c70. arid 'canes-tree rates tor 5 . 10 17-year0ods eacn tm
64 areas in tne order 01 rereastre; age- Eitusted DIAFT tale
Water
NF
NF

'caries

Aree
Sunier.KS
Et Paso.TX
Brooetyn.C7
RichmoneLVA

Ft. Scon.KS
Prime Geo:cp.:AD
Ca/yen:tale
Mance .0i1
martin Co..FL
Anorevre.TX
Coaloonng. TX
Tutsa.OX
Palm Beach.FL
Floiourno.110
KltsaP.wA
St Louts.1.40
Houston.TX
Clarksleie.14
Grano tslano.NE
Ft. Stockton.TX
San Arionio.TX
Cheny Creek.00
Tuscaloosa.AL
'Aaron Co_FL
Clevetar4.014
Aeoaany.A10
Norivoo:L1AA
latort.IL
Sharraseln.PA

No. DUET
543 1.229
491

1.321

410
4 75

1.420
1.435

491

1.442

443 1.491
354 1.494
P971)
467 1.584
NF
440 1.587
455 1.538
14F
406 1.569
504 1.602
NF
476 1.613
PF
558 1.628
NF
564 1.635
E
491 1.635
PF(82)
4813 1.662
428 1.678
NF
535 1.719
415 1.722
NF
422 1.736
441 1.757
475 1.809
PF
545 1.817
486 1.819
NE
458 1.834
P978)
434 1.1341
E
511 1.859
NE
462 1.861
NF
573 1.678
.1.06.CA
PE
472 1.879
Botta Creeit.1.41
P9821
386 .1.885
Martoro.MA
445
1.905
P981)
Allort.TX
San Frarcesco.CA 456 1.908
401
1.909
E.Orarqe.NJ
P971160) UncoavSualbury.IAA 436 1.923
NF
Co:40.CA
620 1.930
NF
Lakevrood.t4J
450 1.933
Na. Ye& C.Ity.NY-2 336 1.953
PF
Sethel.WA
540 1.956
Beach POOL
518 1.970
PF
370 1.971
Rhin; Stw.7X
Petifipsouro.PA
491 1.983
F .
503 1.994
Laliett.AL. • .
P982)
Plalmille.C7
436 2.006
NF
talotita.KS
416 2.036
NE
494 2.038
4ovant14./
• PF
Mos Co„TN
530 2.056
NE
Los Art04141.CA
540 2.063
Pittaamatt.PA
415 2.064
P970)
Llivann.NE
476 2.076
NF
Nowton.KS
464 2.083
PP
Lakoshom.All
4186 2.088
NF
Na. Paltz.NY
350 2.110
3etnielsrtA1N
485 2.124
uF
Aipine.OR.
397 2.133
NF
Canon CIty.00
463 2.160
PE
Wyaratank.NY
396 2.161
NF
leabroolt.NY .
332 2.179
If
Chancrilta.CA
551 2.181
Na. Vont Cly.NY-1 503 2.190
P982)
BaaleS0
487 2.193
P971174)
FWLNE
480 2.218
P4F
Cratelonl.00
-492 . 2.222
P974) ' Ni. Oriaans.Ut
459 2.251
' P970)
1Alnesris.IN
464 2.253
PP
Atacksoo Co..IAS
493 2.259
alberiukoe.W1
478 2.349
NF
Tooste.U1
519 . 2.372
NF
Clgeo03e.A1A
453 2.339
PP
Catairta.PA
532 2.460
P975)
Sgiriroisid.VT
444 2.489
Dosi8om.1.41
491 2.496
Itartmae.TN
466.. 2.512
P981) •
Taunton.MA
445 2.515
Gmonwille.MI
556 2.558
PF
wasvPorretater.tAi 455 2.564
Pneumonia. PA
463 2.649
PE Supenraory Union 047.11 487' 2.710
NE
Cutter/Orosi.CA
528 2.796
Brown C.Ity.41
512 2.972
P963)
Unnence.A4A
339 3.012
!if
Sum at Hawaii
293 3.294
PE
Comma Co..LA 424 3.767
F relies to areas ttuontIatod before 1970:
PF raters to areas lynch ars only partially nuononeci:

Oft
0.810

0.777
0.693
0.715
0.774
0.539
0.872
0.549
0.677
0.893
1.144
1.075
0.196
0.883
0.769
0.711
0.819
0.747
0.789
0.89 1
0.895
0.727
0.963
0.944
0.715
0.735
0.640
0.843
1.023
1.197
0766
0.613
0.674
1.031
0.796
0.758
0.811
0.698
0.112
1.072
0.878
0.909
0.982
0.978
0:795
0.878
0.869
1.152
1.039
0.781
0.825
1.225
0.781
• 0.751
1.001
0.974
1.118
0.328
0.716
1.073
0.627
0.974
0.355
0.996
0.953
0.763
1.455
0.909
1.458
0.862
1.039
0.638
1.167
1.287
0.903
1.191
1.344
0.824
0.907
1.742
1.229
1.262

1.375
1.500

Dee"
44.7%
43.5%
47.6%
45.6%
38.2%
48.0%

40.4%
44.6%
41.0%
35.8%
33.8%
35.5%
343%
40.3%
42.9%
39.1%
41.8%
40.4%
40.7%
33.4%
39.3%
36.5%
32.0%
28.8%
39.9%
38.3%
39.9%
37.6%
32.2%
33.0%
36.7%
.40.8%
38.7%
36.3%
38.0%
37.8%
41.7%
38.0%
34.9%
34.3%
35.2%
213.7%
33.2%
31.9%
39.3%
33.5%

35.9%
31.3%
33.0%
34.1%
31.5%
31.1%
32.6%
34.8%
29.3%
36.7%
33.1%

34.7%
32.2%
33.0%
37.9%
27.8%
29.13%
28.5%
27.4%
33.1%
26.4%
29.9%
24.3%
34.2%
27.1%
32.1%
26.3%
22.9%
31.0%
25.3%
24.1%
26.0%
26.1%
19.2%
22.5%
17.6%

23.9%
12.4%
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WATER FLUORIDATION AND TOOTH DECAY: RESULTS FROM
THE 1986-1987 NATIONAL SURVEY OF U.S. SCHOOLCHILDREN

John A. Yiamouyianni!'
Delaware, Ohio, USA
SUMMARY: Data from dental. examinations of 39,207 schoolchildren, aged 5-17, in 84 areas throughout the United States
are analyzed. Of these areas, 27 had been fluoridated for
17 years or more (F), 30 had never been fluoridated (NI,.
and 27 had been only partially fluoridated or fluoridated
for less than 17 years (PF). No statistically significant differences were found in the decay rates of permanent teeth
or the percentages of decay-free children in the F, NF and
PF areas. However, among 5-year-olds, the decay rates of
deciduous teeth were significantly lower in F than in NF
areas.
KEY WORDS: Dental caries; Fluoridation; Schoolchildren; Tooth decay.
Introduction
It has become widely accepted among dental and public health professionals that fluoridation reduces tooth decay by one-half to two-thirds (1.2..
However, recent studies by public health dentists in New Zealand, Canath.
and the United States have reported similar or lower tooth decay rates Ir
nonfluoridated areas- • as compared to fluoridated areas (3-61. Moreover finding.
in the United States and worldwide show that, over the last 25 years. reci:lctions in tooth decay rates in nonfluoridated areas- are comparable to those
in fluoridated areas (7-9).
From 1986 to 1987, dentists trained by the • U.S. National Institute of
Dental Research (NIDR) performed dental examinations on 39,207 schoo-children, aged 5-17, in 84 areas throughout the United States. This survey
allowed a comparison of tooth decay of large numbers of people from a large
number of areas, some of which have been fluoridated and some of which
have not.
Materials and Methods
Through • the United States Freedom of Information. Act, we obtained
a printout of the dental records and.a list of the 84 areas used in this survey.
From these data, we calculated the number of decayed and filled deciduous
teeth (Oft) and the number of decayed, missing, and filled permanent teeth
(DMFT) for each record and entered the resulting data into a computer.- All
.calculations were triple-checked . before being entered into the computer and
all computer entries were double-checked.
By computer, each record (including the dft and DMFT scores of each
student) was placed in the appropriate age group. For each of the 13 age
•• • Safe Water Foundation, 6439 Taggart Road, Delaware, Ohio 43015, USA.
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group5. average df: and DN1FT rate5 per cnilt
the 64 areas. Age-adjusted DNIFT rafefr for 5- to 17-year-old5 were
5 and divit:ng
bn adding the DNIFT rates for each of the 13 age group
13 (10i.
We obtained data regarding the fluoridation status of the areas surveyed
from Natural Fluoride Content of Community Water Supplies, Fluoridation

Census 1969. Fluoridation Census 1975, and Fluoridation Census 1985, all
published by the U.S. Public Health . Service. In some cases, local authorities
were also contacted to determine the fluoridation status of an area.
Average DMFT (and clft) rates for the F, NF, and PF groups were calculated for each age. Average-age-adjusted DMFT (and dft) rates for the
F, NF, and PF groups Were calculated by taking the average of the ageadjusted rates for the respective groups (10).
The percentage of "caries-free" 'children was calculated for each age-group
for each area. Age-adjusted "caries-free" rates were also calculated. A student
was considered to be "caries-free" so long as they had no DMFT or dft. For
example, 'a child who had lost all their teeth and no longer had any left
to be decayed or filled would not be recorded as a "caries-free" student.
Through the United States Freedom of Information Act, we • also obtained
residence data for each of the above schoolchildren which_ allowed Us to calculate tooth decay rates for those in F, NF, and PF areas who had lived
at the same residence for their entire life.
The two-tailed t-test was used to determine 95% confidence •intervals
and to determine statistical significance (at the 95% confidence level). A
two-sided Wilcoxon rank sum test (11) was used to determine whether there
was a statistically significant , difference (at . the 95% confidence level) in
the Tank order . of the DMFT rates • of F and NF areas.
Results
Table I presents the number of students examined and the age-adjusted
DMFT rate for each of the 84 areas in the order of increasing tooth decay
rate. There is no statistically significant difference in the rank order of the
-age-adjusted DMFT rates of -F and NF areas. As can be seen by examination
of column 1,. there is no clustering of fluoridated areas at the top of the
table. In the . quartile with the lowest age-adjusted DMFT rates, 9 are nonfluoridated, 3 are partially fluoridated, and 9 are fluoridated. In the quartile
with the highest DMFT rates, 5 are nonfluoridated, 10 are partially fluoridated,
and 6 are fluoridated. Table I also indicates that there is no biased geographical distribution of F and NF areas that is hiding some 'potential decaypreventive effect of water fluoridation.
There is no . statistically significant difference between the average DMFT
rates for the F and NF groups at any . age (Figure 1). The average DMFT
rates of the PF groups are higher than those of the F and NF groups at
every . age with the exception of 14-year-olds. •
There is no statistically significant difference in the average-age-adjusted
DMFT rates among the F, PT, and NF groups (Table 2). The average-age-
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Ave'age-age-adjustec DMFT rates for 39.207 U.S. schoolcnilorer anC 17.33i
life-long resident schoolchildren in 84 areas throughout the Unitec States.
Standard deviations are given-in parentheses.
Teta'

.Life-Icn;

No. of
Areas

No. of
Students

DMFT

No. of
Students

Fluor meter.

27

12,747

1.96
(0.415)

6,272

Partially
Fluoridated

27

12,578

2.18
(0.465)

5,642

2.25
(0.470,

Nonf luor iciatec

30

13,882

1.99
(0.408)

5,422

2.05
(0.517)

DMFT

(0.465,

adjusted DMFT rates in F and NF area are 1.96 and 1.99, respectively. The
95% confidence interval for the DMFT rate in F areas minus the DWI' rate
in NF areas is (-0.19, 0.25); thus we can rule out, with a certainty of 95%,
the possibility that the DMF7 rate- in F areas' is more than one-fourth of
a tooth less than in the NF areas— We can also rule out with a certainty
of 95%,. the possiblity that the DMFT rate in NF. areas is more than one-fifth
-of a tooth *less than in the F areas.
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Table
'Tr* nurri p e r o 4 chilcre r examine ,: anC tne average.-aoe.-aC.ustec
an::: "caries-free" rates for 5- to 17-year-olCs in eacr: of tne 6 4 a r eas Ioroe r of increasinc age-aolusteC DMFT rate. F refers to areas fiuor;catec
before 1970; P F refers to areas wnicn are on:y partially fiucrioatec: P;-.N
in the year "x"; NF refe r s to areas that a r e nc:
refers to areas fluoridate
tluortaateCf.

Area

No.

DMFT

aft

Caries-free

NF

Bunter, KS
El Paso, TX

1.229
1.321

NF
F
F
F
NF
PF(71)
NF
F
NF
F
NF

Brooklyn, CT
Richmond, VA
Ft. Scott, KS
Prince George, MD

543
451
410
475
491

44.7%

F.

Water

FL
Holcomb. MC
Kitsap, WA

478
556
564

1.613
1.628
1.635

0.810
0.777
0.693
0.715
0.774
0.539
0.872
0.549
0.677
0.893
1.144
1.075
0.896
0.883
0.769

St. Louis, MO
Houston, TX

491

pF(52)

1.638
1.662

0.711
0.819

Clarksville, IN

391 18
4.%

F

1.678

0.747

40.4%

Cloverdale, OR

Alliance, OH
Martin Co., FL
. Anarews, TX
Co Idsprmg, TX
Tulsa, OK
Pam Beach,

PF

NF
F
•

. NF ..
F
NF
F
F
PF
F
NF
PF(78)
F
NF
NF
PF
PF(82)
PF(81)
F
NF
PF(71/60)
NF
NF
F
PF
F
PF
F
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Grand island, NE
Ft. Stockton,. TX .- San Antonio, TX
Cherry Creek, CO
Tuscaloosa, Al
Marton Co., FL
Cleveland, OH
Allegany, MD

Norwood, MA
Afton, IL
Shamokin, PA
Lodi, CA
. Bullock Creek, 'Ml
Marlboro, MA
Allen, TX
Ban Francisco, CA
E. Orange, NY
Lincoln/Sudbury, MA
Conejo, CA
Lakewood, NJ
New York City-2
- - .Bethel, .WA .
•

443
354

467
440

455
406
504

488
426

1.420

1.435
1.442
1.491
1.494
1.584

1.587
1.588
1.589
1.602

43.5%
47.6%
45.6%
36.24:
46.0
4440,6
4Z

41.0%
35.8%
33.8:4.
35.5%
34.5%
40.3c.:
42.9%

535
415
422

1.719
0.789
*0.89.1
1.722
1.736.. _0.895 •

441

1.757

0.727

475
545
486
458
434
511
462
573._
472 '
386

1.809
1.817
1.819
1.834
1.841
1.859.
1.861
1.878
1.879
1.885
1.905
1.908
1.909
1.923
1.930
1.933,
1.953.
1.956
1.970

0:963
0.944
0.715
0.735
0.640
0.843
1.023
1.197
0.766
0.613
0.674
1.031
0.796
0.811
0.698
0.812
1.072
0.878

40.7%
33.4%
39.3%
36.5%
32.0%
28.8%
39.9%
3/0%
39.9%
37.6%
32.2%
33.0%
36.7%
40.9%
38.7%
36.3%
38.0%
37.8%
41.7%
38.0%
34.9%
34.3%
35.2% .

1.971
1.983

0.909
0.982

28.7%
33.2%

445

456
401
436
620
450

336
540

Rising

Beach Park, IL
Star, TX

518
370

Philipsburg, PA

499

0.758.

FILIcr...idation ant
Ta
Area

Nc..

()La:7

cf:

F
PF(62)
NF
NF
PF
NF

Lanett. AL
Plainvoie, CT
Wichita, KS
Newark, NJ
Knox Co., TN
Los Angeles, CA

503
436
496
494

1.994
2.o0€
2.036
2.038

0.976
0.79E
0.878
0.869

2.056
2.063

F
PF(70)
NF
PF

Pittsburgh, PA
Lincoln, NE
Newton, KS
Lakeshore, MI
New Paltz, NY
Bemidgi, MN
Alpine, OR
Canon City, CO
Wyardank, NY
Millbrook, NY
Chowchilla, CA
New York City - 1
Baltic, SD .
Blue Hill, NE
Crawford, PA
New Orleans, LA
Memphis. TN
Madison Co., MS
Milwaukee, WI .
Tooele, UT
, .Chicopee, MA
Cambria, PA
Star ingf lel°, VT
Dearborn, MI

530
540
415
476
464
486
350

2.076
2.083
2.088
2.110
2.124
2.133
2.160
2.161
2.179
2.181
2.190
2.193
2.218
2.222
2.251
2.253
2.259

1.152
1.039
0.781
0.625
1.225
0.781
0.751
1.001
0.974
1.118
0.828
0.716
1.073
0.627
0.974
0.855
0.996
0.953
0.763
1.455
0.909
1.456
. 0.862
1.0390.838
1.167
1.267
0.903
1.191

wate•

NF

F
NF
NF
NF
NF
NF
F
PF(82)
PF(71/74)
NF
PF(74)

PF(70)
PF.
c

NF
NF
PF
PFi75)
F
F
PF(81)
-F
PF
F

PF
NF
F
PF(63)
NF
PF

•

485
397
463
396
332

551
503
487

480
492

459
464
493
478.

2.349

491

2.372
2.389'
2.460
2.489
2.496

Maryville, TN

466

2.512

Taunton, MA
Greenville, Ml

445
556
455

2.515
2.558
2.584

463

2.649

487
528

2.710
2.796

512
339
293

2.972

424

3.767

Hart/Pentwater, MI
Philadelphia, PA .
Sup. Union #47, VT

Cutler/Orosi, CA'
Brown City,- MI
Lawrence, MA
State of Hawaii
Concordia CO., LA

519
453
532

2.064

444

.

3.012
3.294

-2c.. -) ::,..
33.5c-:
3:-.9c.:
3 i.3
33.0;:

34.1%
31.5:---..
31.1%

32.6%
34.8%

29.3%
36.7%
33.1%
34.7%

32.2%
33.0.::
37.9.1.:

27.8%
29.6%

28.5%
27.4%
33.1%

26.4.7%
29.9%
24.3%

34.2%
: 27.1%
32.1c1/4
26.3:-.
22.9%

31.0%
25.3%

1.344

24.1%

0:624
0.907
1.742
1.229
1.262
1.375
1.508

26.02:.
26.1%
19.2%
22.5%

17.6%
23.9%

12.4%

To make certain that the .absence of a statistically significant difference
between the DMF-T. rates of schoolchildren living in F and NF areas was not
the result of the mobility of schoolchildren, or their -sex and racial compositions, DMFT rates were determined for' 1.1 those who spent their entire lives
in one household. and 2.1 for white males and white females. The results in
.Table 2 show that for life-long residents, there is no statistically significant.
difference in average-age-adjusted DMFT rates in T and NF areas. In addition,
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rates
there are no statisticall n significant differences in toot. deca
permanent residents of F and NF areas at any age (Figure 2Ai. If v. at,fluoridation were to have reduced tooth decay as measured by DNIFT, tootr:
decay rates for life-long residents living in fluoridated areas should be lower
than residents who had not spent their entire lives in these areas. This wa..
not found to be the case. Figures 28 and 2C show that among white males
Figure 2A•
Tooth decay in residents of fluoridated (F), nonfluoridatea (NF), and
partially fluoridated (PF) areas who lived their entire life in the
same household.

7.00 6.00
DECAYED. SIM MISSING.
AND FILLED 4.00 PERMANENT
3.00 TEETH
(DMFT) PER
2.00 CHILD

•NF
PF

1.00
0.00
.56 7 8

9 10 11 12 13 14 15 16 17
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Figure 28
Tooth decay rates of white males.
-
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Figure 2C
Tooth decay rates of white

females.
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Age
and white females (which make up about 70°,t. of all the children studie:
there is no significant difference in MOTT rates in the F and NF areas at
any age group.
In contrast, notably lower tooth decay rates were observed in the
Tooth decay in fluoridated (F), Partially fluoridated WY, ar g nor_

fluoridated (NF) areas: Deciduous Teeth.

2.50
2.00
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duous teeth of young children living in F areas. The 5-, 6-, and 7-year-olds
in the F group have dft rates 22%, 9% and 6% lower than those of the NF
group, rspectively (Figure 3). Although the average-age-adjusted dft rates
for F, NF, and PF groups were not significantly different statistically, they
were higher for the NF groups (0.96 :0.25) for the PF Groups (0.93 .10.24),
which in turn is slightly higher than the F group (0.89 10.19).
To focus in on dft rates among children 5-8, the eight areas which commenced water fluoridation between 1970 and 1978 were removed from the
PP group and added to the F group. The 5-, 6-, and 7-year-olds in the new
F (F e ) group have dft rates 24%, 10%, and 10% lower than those of the
NF group, respectively, and the dft rate of 5-year-olds, in the F e group is
significantly lower (p 4 0.05) than that of the NF group.
Moreover among 5-, 6-, and 7-year-old life-long residents in the Fe group,
dft rates were 42%, 18% and 11% lower than those of the NF group,
respectively, and the dft rate of 5-year-olds in the Fe group was significantly
lower (p 0.002) than that of the NF group (Table 3). If water fluoridation
were to have reduced tooth decay as measured by dft among 5-year-olds,
tooth decay rates for life-long 5-year-old residents living in fluoridated areas
should have been lower than those of residents who had not spent their entire
lives in these areas. This was found to be the .. case. From Table 3, it can
also be seen that this large and significant reduction disappears after a couple
of years.
Fluoride may have caused a reduction in dft by delaying deciduous tooth
eruption. This is consistent with the fact that the dft rate in the F and Fe
groups reaches a maximum later than in the NF group. Fluoride-induced delays
in tooth eruption have been reviewed elsewhere (12,13) with contradictory
conclusions, but more recent studies examining 5-year-olds have indicated
delayed eruption that could account for' such a difference 'in tooth* decay
rates (14).
The percentage of decay-free children in F, PT, and NF areas is 34.5%,
31.9%, and 35.1% respectively. There is no statisticaly significant difference
between the average "caries - free" rates for the F and NF groups at any age
(Figure 4).
Table 3

Percentage change in dft rates in all residents and life-long residents of
F and F e areas in comparison to NP areas.
Total
Age

(NF-F)/NF

5

22%

Life-long

(NF-F*)/NF
24%

(p 4 0.05)

(NF-F)/NF

(p

36%
0.02)

<

(NF-F•)/NF
(p.

42%
0.002)

6

9%

10%

14%

18%

7

6%

10%

5%

11%

8

-4%

1%

-5%

1%
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Figure 4
"Caries-free" rates in nonfluoridated (NF), partially fluoridated (PF),
and fluoridated (F) areas.
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Discussion

of

The data presented here are consistent with data reported elsewhere
in large U.S. surveys. In 1977, the Rand Corporation examined the tooth decay
rate of 25,000 children in (5 F and 5 NF) nonrandomly selected areas (15).
In the three areas in their study that were included in the present study,
we compared the tooth decay rates of 12-year-olds. There was good agreement
between this .study and theirs with regard to tooth decay rate, after converting
DIOS (decayed, missing and filled permanent tooth • surfaces) to DMFT (16)
and considering the acknowledged 36% decrease in DMFS from 1979-1980
to 1986-1987 (17).
In 1983-1984, Hildebolt et al. (4) examined the tooth decay rates of over
6500 Missouri rural schoolchildren from grades 2 (average age 7.5) and 6
(average age 11.5). Among 6th graders living in the most intensively studied
regions, the average DMFT•dft rate was 2.07 for those drinking nonfluoridated
water and 2.17 for those drinking fluoridated water,. compared to the
DMFT•dft rate of 2.00 . reported for 11-year-olds living in Holcomb, Missouri
in our study.
In 1986, Kumar et al. examined 1446 schoolchildren aged 7-14 from
Newburgh, New York (fluoridated in 1945) and, cohorts from nonfltioridated
Kingston, New . York (18). The 'sample selection was nonrandom and had a
response rate of only 50-65%. Nonetheless, the age-adjusted DMFT rates ob-
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served (1.5 for fluoridated Newburgh and 2.0 for nonfluoridated Kingston)
were in line with the corresponding values obtained in this study for communities in the area (1.5 for nonfluoridated New Paltz, New York and 1.7 for
fluoridated New York City).

Conclusions
Does water fluoridation reduce tooth decay? I) This study and other recent
studies (3-8) show that there is currently no significant difference in tooth
decay rates in F and NF areas and that decreases in tooth decay rates over
the last 25 years have been comparable regardless of fluoridation status;
If this is true, there was no significant . difference in the tooth decay rates
between these areas 25 years ago. 111 From 1970 to the present, total fluoride
Intake studies indicate an average intake of 1-2 mg per day in nonfluoridated
areas and 3-5 mg per day in fluoridated areas (19,20); thus, it is difficult
to claim that the reason tooth decay differentials between fluoridated and
nonfluoridated areas have disappeared is because the fluoride intakes in these
areas are now similar. Furthermore, the substantially higher incidence of
dental fluorosis in fluoridated areas confirms that residents in these areas
are consuming substantially higher levels of fluoride than those living in nonfluoridated areas (21-23). WI Dramatic reductions in tooth decay have occurred
In developing • countries where there is no water fluoridation and there is
little reason to suspect that there would be elevated levels of fluoride in
the food chain (7,9,24,25). ivl In addition to recent studies,. a' number of early
studies have also shown no significant reduction• in tooth decay as a result
of water fluoridation (7,26-28). vj Serious questions have been raised regarding
the reliability of earlier studies claiming that fluoridation causes a reduction
in tooth ,decay (29).
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Addendum
Recently Brunelle (30), using the same database that we used, reported
26% fewer dfs (decayed and filled deciduous tooth surfaces) in children who
had always resided, in F communities than those who never lived in F communities. This finding agrees reasonably well with the data outlined in our Table
3, which shows a statistically significantly lower dft rate in life-long 5-year.-old
'residents of fluoridated areas. However, by omission of age-specific data,
• the Brunelle study covers up the fact that., this difference in' tooth decay
is no longer significant in 6-year-olds and disappears entirely among 8-yearolds.
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Another recent study by Brunelle and Carlos (31), which also uses the
same database that we used, reports a . 17.7% lower DMFS rate in the F areas.
This study has a number of major deficiencies which render the study of
little or no value.
1.

nt
er
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7ed
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in
11:s.

1%, but refused to make the correction (32).
2.

to report the tooth decay rates for each of the 84 geographical
areas surveyed. This covers up the fact that there is no difference in
the tooth decay rates of the fluoridated and nonfluoridated areas surveyed.
The Brunelle/Carlos study even fails to list the areas studied. As a result,
they produce misleading illustrations; for example, their Figure 3 implies
that Arizona and New Mexico have the lowest tooth decay rates, when,
in fact, not a single area was surveyed in either of the two states.

3.

It fails to control for geographical differences in tooth decay rates by
indiscriminantly and disproportionately bunching children from all parts
of the country into 2 groups, F and NF.

4.

It fails to do the statistical analysis (or even provide the data, i.e. the
standard deviation and sample number) necessary to determine whether
the values found for F and NF areas are significantly different. Our
calculations show that even if their data were accurate, the 17.7% figure
does not reflect a statistically Significant difference .between the F and
NF groups.

5.

It fails to report the data for the approximately 23,000 schoolchildren
who were not life-time residents of either the F or NF areas (the PF
group). If fluoridation reduced tooth decay, the DMFS rate of the PF
group should have been greater than that of the F group and less than
that of the • NF group. Our data indicate that the PF group would have
had a DMFS rate higher (although not significantly higher) than either
the F or NF groups.

6.

It .fails to report the data for the percentages Of decay-free children
in F and NF areas. Our data indicate that had these calculations been
done by Brunelle and Carlos, the • results may have actually indicated
better (although not significantly better) dental health in the NF areas.
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It contains extremely serious errors. For example, by a cursory inspection,
we found two values that are off by 100% or more. In their Table 9,

the DMFS figure for life-long F .exposure residents of Region VII should
be about 3, not 1.46 as reported. From their Table 3, the percent of
5-year-olds who have caries is 1.0%, not the 2.7% that can be calculated
from the table (100%-97.3%). When I pointed out this error to Dr. Carlos,
he admitted that only 19 out of the 1851 5-year-olds had caries: 19/1851
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It fails

Brunelle and Carlos, as well as their employer, the N1DR, have recently
•come under attack for presenting erroneous data and designing poor experiments which promoted the fluoride mouthrinse program (33). The -apparent
poor quality of their research regarding the 1986-1987 survey (30,31) is not
an isolated case.- "
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CAN WATER FLUORIDATION INCREASE ORTHODONTIC PROBLEMS?

by
Philip R.N. Sutton
Melbourne, Victoria, Australia
(Abstracted from Med. Hypotheses, 26:63-64, 1988)
Increased fluoride ingestion mainly through fluoridation of drinking water
may affect the function of bone-forming and bone-resorbing cells and thus
lead to subnormal development. Orthodontic problems such as overcrowding
of teeth and poisoning of bone cells producing fluorosis have occurred.
KEY WORDS: Dental fluorosis; Fluoridation; Orthodontic problems; Tooth
overcrowding.
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ABSENCE OF IN VITRO FLUORIDE-BINDING BY THE
ORGANIC MATRIX OF DEVELOPING BOVINE ENAMEL
by
A. Lussio, R.A. Fridell, M.A. Crenshaw and J.W. Bawden
Bern, Switzerland .
(Abstracted from Arch. Oral Biol., 33:531-533, 1988)
In vitro binding of fluoride to isolated organic matrix of secretory bovine
enamel was studied by direct fluoride measurement and equilibrium dialysis.
In contrast to earlier reports, no indication of fluoride binding by the matrix
was detected over a wide range of protein and fluoride concentrations.
KEY WORDS: Bovine enamel; Enamel protein; Fluoride binding; Organic dental
matrix.
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Introduction to the Workshop
Preamble
fluoride has been proven to be an effective and inexpensive way of preventing
teoth decay, and its introduction into
community water supplies, toothpastes.
rinses and other products has contributed to a dramatic decrease in the
development of tooth decay for all ages
of people. In a continuing attempt to
realize these benefits, a National Workshop on Fluorides was held in Toronto
on April 9-11, 1992, where dental public
health and pediatric dentistry specialists.
and dental scientists from across North
America reviewed and evaluated current
literature on the utilization of fluorides.

Purpose of the Workshop
The purpose of this workshop was to
determine the appropriateness of the current recommendations made by the Canadian Dental Association concerning
the concentration of fluoride compounds, the amount used, and the frequency of use for the various methodologies of fluoride administration that are
currently available in Canada. The
Workshop also sought to determine
whether currently recommended dosages
need to be adjusted to ensure an optimal
dosage from all sources sufficient to suslain the current level of prevention of
dental caries without increasing the risk
of dental fluorosis.
Guiding principles
In reviewing the procedures used for caries co
- ntrol which involve the use of fluorides, the goal of the Workshop was to
develop revised recommendations which
would keep the exposure to fluoride at
the lowest possible level consistent with

caries control. This Workshop recognized the-principle that concentrations of
fluoride in the materials used and the
dosage regimens which were established
when fluoridation was first introduced
may no longer be appropriate at present
when most Canadians are exposed to
fluoride from more than one source.
Since there is now a wealth of information available, decisions re garding the recommendations were based upon scientific or empirical evidence, or public
health needs. As these considerations
change in the future, further revisions
will undoubtedly be needed.
One of the signs that fluoride consumption has reached optimum levels is
that children protected by fluorides may
exhibit nearly. undetectable white spots
or fleckin g on their teeth. These "white
flecks" (termed dental fluorosis or mot-'
tling) are sensitive indicators of exposure
to fluoride from all sources before the
child reaches the a ge of 6 years, the most
critical period being from birth to 3
years. When fluoride in the drinking
wa?er was the only significant source of
fluoride. about 12% of children exhibited
the mildest forms of dental fluorosis.
Currently. with exposure to fluoride from
other sources, such as toothpastes. dietary supplements. processed foods and
beverages. and drinking water, the prevalence of the mildest forms of dental fluorosis has increased both in fluoridated
and . in non-fluoridated communities.
Although this increase pertains to mild
fluorosis. there is a slight increase also in
the moderate to severe forms in fluoridated communities. •While current levels
of fluorosis in North America do not
constitute a health problem. dental fluorosis may become a public health issue
in the future, and the value of fluoride
for . controlling dental caries may be undermined by the public concern.

Summary of recommendations
The Workshoo_ developed a number of

recommendationsthaLwill, be publish
in the proceedings of the Workshop.
These are also being forwarded to the
Canadian Dental Association for consideration. Participants recogni:ed that these
recommendations will be used by professional groups to modify existing guidelines
for the use of fluorides. It is also recogni:ed that there will be situations that are
not addressed by the recommendations. or
the modified guidelines, and therefore
practitioners are expected to use their professional judgment in the appropriate use

The most important is a recommendation reaffirmin g the
role of community water fluoridation as
an equitable, effective and economical
means of deliVering fluoride to groups
and individuals, especially to those who
have little or no access to other sources of
fluoride or other preventive technologies.
The Workshop emphasized that there is
no evidence that fluoridation at currently
recommended dosages represents a risk
to general health. However, it was suggested that there should be periodic reevaluation of recommended fluoride concentrations in the context of the total
potential fluoride intake.
The Workshop also proposed si gnificant changes to the current recommendations on fluoride supplements
which were first introduced to provide.a
systemic source of fluoride to infants and
children living in. non-fluoridated areas.
While supplements can prevent dental
caries, they are not very effective because
compliance with the daily regimen is low.
and, moreover, the children • who use
them are usually from well-educated
families who are also more prevention
oriented than the population . at large.
The Workshop participants also concludof existing technologies.
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ed. after reviewin g the current epidemiolo g ical studies. that fluoride supplements
are associated with an increased risk of
dental fluorosis. There is good evidence
indicating that fluoride supplements are
often prescribed by physicians and dentists without evaluating the infant's
ingestion of fluoride from drinking water
at home and from infant feeding practices. Moreover, current research indicates that children, on avera ge, consume
about 30% of the toothpaste that is used
when they are 3 years old, and this
amount diminishes as they reach school
age. With the increasing use of fluoridated toothpastes by infants, a new source
of systemic and topical fluoride is now
available which was not widely available
when the current guidelines on supplements were formulated. To prevent a potential increase in moderate-to-severe fluorosis, the Workshop recommended new
guidelines for the use of fluoride supplements and a new dosa ge schedule. The
new regimen considers the critical
periods during which dental fluorosis develops, especially on anterior teeth, and
the increasing evidence that fluoride intake in early childhood may be derived
from fluoridated dentifrices. foods and
drinks. The proposed recommendations
suggest that supplements should not be
prescribed for children less than 3 years
of age, and that they should be targeted
only for individuals or groups at high
risk to dental caries. The Workshop also
favored reducing the fluoride concentrations used with 3. 4. and 5-yr-old children
from 0.5 to 0.25 me F for children using
fluoridated dentifrices.
Fluoride dentifrices were endorsed as
effective delivery systems. although many
children under the age of 6 tend to increase their intake of fluoride by swallowing the toothpaste. The Workshop accordingly recommended that children
under the age of 6 should brush under
supervision of an adult no more than
twice a day with a fluoridated toothpaste.
Only a pea-sized amount of toothpaste
should be dispensed, preferably by the
supervising adult, and swallowing any
toothpaste should be discouraged.
The role of professionally applied topical fluorides (solutions, gels and .varnishes) was reviewed and their selective use
with individual patients at risk for dental
caries was endorsed. This topic Was included for discussion, not because of any
evidence that professionally applied topi-

cal fluorides caused dental fluorosis. but
becailSe of the • potential for g astric irritation from the ingestion of excessive fluoride. The Workshop, for practical
reasons, reco g nized that a I-min application of a professionally applied topical
fluoride treatment may be appropriate
given patient management considerations; however, it should be recognized
that a I -min procedure will not realize
the same level of benefits as a 4-min application.
Considering the use of self-applied
fluoride gels at home, the Workshop concluded that at this time. eel rinse systems
for the prevention of dental caries have
not been tested sufficiently, and are
therefore nor recommended. The use of
concentrated self-applied eels under specific circumstances With high-risk children under the age of 6 may be appropriate given strict supervision by an adult.
Further, the Workshop concluded that
the use of a low fluoride concentration/
non-dentifrice gel when used with toothbrushing is no more effective than brushing with a normal fluoride dentifrice.
Finally, it was agreed that fluoridated
mouthrinses were valuable in dental public health school programs for at- risk
groups, and use at home by individual
patients who may be at moderate to highrisk to dental caries was also endorsed.

2 A scientific panel should be convened
to review and evaluate the data concernin g standards on the minimal, optimal and maximum concentrations of
fluoride in fluoridated communities,
and the maximum allowable concentration of fluoride for naturally fluoridated water because of the:
a) potential risk of dental fluorosis (a
side effect which may or may not
be an aesthetic concern in the future but is not a major dental
health problem at this time):
b) increased exposure of the public to
a variety of different sources of
fluorides:
C) evidence that increased exposure to
fluorides has increased the prevalence of fluorosis:
d) impact of variations in ambient
temperature and humidity. and the
increased use of air-conditioning
throughout Canada that need to be
considered for the determination of
optimal fluoride concentrations. .
3. Fluoride levels in community water
supplies should be monitored and adjusted routinely to prevent wide fluctuations in fluoride concentrations.
4. Manufacturers should provide labeling on foods and beverages to indicate
the fluoride content of the product.

Recommendations

5. The Canadian Government should inGeneral consensus was achieved by the • stitute legislation requiring manufacWorkine Group on the following statetuters to provide information on the
ments.
fluoride content of their products.
Water fluoridation
I. Water fluoridation at recommended
Lis..codorsed and encouraee( g
-cause:

a) Water fluoridation is an efficacious/effective measure for preventing dental caries in all age groups.
b) Water fluoridation equitably provides the greatest benefits for those
who have limited access to other
sources of fluoride or other cariespreventive technologies.
c) At recommended doses, there is no
evidence that water fluoridation
presents a risk to general health.
d) Water fluoridation is the preferable source of systemic and topical fluoride for prevention of dental caries.

6. Standards. e.g. milligrams of fluoride
per unit volume, should be developed
for reporting the fluoride concentrations in products.
7. The Canadian Government should assign " a senior dental officer as a
spokesperson and expert to provide
the official government position. and
to coordinate and help disseminate information on issues relating to water
fluoridation.

Fluoride supplements

I. Fluoride supplements:
a) should not be recommended for
children"less than 3 years old:
.
b) should be targeted only for individ-
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uals or g roups at hi g h risk to dental caries:
c) should be sold in a chewable or
lozenge form only and as a behindthe-counter product:
d) should not be recommended in
fluoridated areas;
e) should be packaged with a written
dosage regimen.

2. The use of fluoride supplements may
be appropriate for targeted individuals and groups for children 3 years
and older in areas with less than 0.3
ppm fluoride in the water. Evaluation
of all fluoride intake from ingested
fluids should be considered prior to
their use.
Dosage schedule
Age of child Fluoride in water supply less than 0.3 ppm
3, 4 and 5 yr 0.25 mg*
6 yr or more 1.00 mg
• if there is not regular use of fluoridated toothpaste, then 0.5 mg is recommended.
3. The estimation of the mean fluoride
ingested from all fluid sources should
include all home and child care water
sources, and the possible impact of
water filtration devices within the
home.
4. Commercial interests should be formally requested to formulate proper
dosage regimens both for chewable
fluoride and multivitamin supplements.
Fluoride dentifrices
I. The following guidelines are proposed
for children under 6 years of age who
use fluoridated toothpaste:
a) brushing with a fluoride dentifrice
.should normally be twice a day; •
b) brushing should be supervised by
an adult;
c) a pea-sized amount of toothpaste
(or a single ribbon /strip of dentifrice not to exceed half the length
of the head of a child-sized toothbrush) should be dispensed. preferably by the supervising adult;
d) swallowing should be discouraged"
(after brushin g spit out, rinse with
water and spit out the rinse).

2. The above guidelines should be made
available to the public either through
product labeling on the package or by
product inserts.
3. Product labeling or package inserts
containing these guidelines should be
included in the criteria for awarding

the CDA Seal of Recognition for dentifrices containing fluoride in the
1000-1100 ppm ranee.
4. Studies to investigate the efficacy/effectiveness of a lower-dose fluoride
dentifrice, i.e. 500 ppm, for use by
children under 6 years of age should
be encouraged.
5. Manufacturers should be discouraged
from marketing toothpastes which,
because of their taste or appeal, encourage swallowing or excessive use.

b) Use only a ribbon of gel in each
tray. approximatin g 2.5 ml in each
full-size tray but less in small trays
for children.
c) If custom trays are used, only 5-10
drops of gel should be dispensed.
d) Place the patient in an upri g ht position during application.
e) Use suction to remove excess
saliva/gel mixture durin g and after

the procedure.
f) Remove excess eel at the conclusion of the procedure.
e) Instruct the patient to spit out as
much of the material as possible
following the removal of trays and
not to rinse, eat or drink for 30
minutes after the procedure.

Fluoride mouthrinses
I. The use, in dental public health school

6. Manufacturers should be discouraged
from marketing toothpastes that have
"extra strength" fluoride content (i.e.
greater than 1100 ppm).
Prolesslonally-applied topical fluorides
(solutions, gels and varnishes)
1. The selective use of professionally-ap-

plied topical fluorides (gels and varnishes) should be endorsed. The decision. to 'use. topical fluorides will be
based on the assessment of caries risk
of patients as determined by the dentist. ' *
2. Scientific evidence from clinical trials
indicates that a prophylaxis prior to a
professionally-applied topical fluoride
application is not necessary; however,
if a professional prophylaxis is performed selectively prior to the application of topical fluoride, a non-fluoridated prophylaxis paste is recommended.
3. Studies on the effectiveness of professionally-applied topical fluorides with
a reduced concentration of fluoride
should be promoted.
4. The following procedures for the professional application of fluoride .gels
should be encouraged:
a) Apply for 4 min in well-fitting trays
with absorbent liners (custom
trays).

programs, of fluoridated mouthrinses
(currently o.rh sodium fluoride administered weekly or biweekly) should
be considered only in high-risk populations aged 6 years and over.
2. Self-applied, daily rinse programs
using over-the-counter or speciallyformulated fluoride mouthrinses
(0.05% sodium fluoride) should be
used only in moderate to high-risk
individuals who are aged 6 years and
over.
3. All over-the-counter fluoride mouthrinses which are used daily (0.05%
sodium fluoride) should be labeled
to indicate that they should not be
used by children under the a ge of 6
years.
4. The Health Protection Branch of
Health and Welfare Canada should
reconsider its approval of 0.2% sodium fluoride mouthrinses that can be
purchased over-the-counter.
Sell-applied fluoride gels
I. Self-applied (toothbrushing) fluoride
gels should not be used in children
under 6 years of age and should not be
routinely used by adults when regular.
toothpastes are used.
2. The daily use of fluoride gels in customized trays for individuals at hi gh risk
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to dental caries'may be appropriate.
If eels are used by children under the
age of 6 years, this should be done
only on the direction of a dentist in
order to minimize the risk of inges-

don.. If customized trays are used.
only 5-10 drops of gel should be dispensed. When customized trays can't
be used because of patient management considerations, the application

of the gel with a toothbrush ma' be
appropriate for high-risk individuals.
This brushing should be closely supervised by an adult.

The Oral Health.
of California's Children 1993-94
A NEGLECTED EPIDEMIC

This report contains five comparisons of CA dental decay to
U.S. dental decay as referenced to the 1986-87 National Survey
of Dental Caries, National Institute of Dental Research.

Page 9. _paragraph 1:
27% of 6-8 year olds in CA were caries free in their

permanent teeth compared to 47% of U.S. 6-8 year olds.
Problem: Page 20 of U.S. survey shows that 85% of 6-8
year olds were caries free in permanent teeth.

Page 11, Figure 6, age 6-8.
73% of CA children have decay in primary or permanent

teeth compared to 54% for U.S.
55% of CA children have untreated decay in primary or
permanent teeth compared to 28% for U.S.

Problem: U.S. survey did not combine primary and
permanent teeth. Reference to U.S. study has
no page number and the figures are not to.-:be
found.

Page 11, Figure 7, age 15.
71% of CA kids have had any decay in permanent teeth.
78% of U.S. kids have had any decay in permanent teeth.

(CA kids did better than U.S. kids)
45% of CA kids had untreated decay compared to
23% for U.S. kids.

Problem: U.S. survey did not separate untreated decay
from treated decay. Reference to U.S. study
has no page number and the figure is not to
be found.

Dental Caries in United States Children 1986-1987
Janet A. Brunelle

Epidemiology and Oral Disease Prevention Program
National Institute of Dental Research
National Institutes of Health

Background
The sampling frame for the survey consisted of all
children in grades K-12 enrolled in public or private
schoolS.;‘A multi-stage probability sample was drawn to
represent the 43 million children in those age groups.
Over 39,000 children aged 5-17 received examinations
(Table A).

A national survey of the oral health of U.S. children
aged 5-17 was conducted by the National Institute of
Dental Research during the 1986-87 school year. The
survey was the second in a series designed to monitor
the oral health of this country's school children. The
first survey was conducted during the 1979-80 school
year and serves as a benchmark against which to
measure changes in the amount and distribution of
dental caries. Both surveys were designed and samples
chosen to provide precise estimates of the level of dental
caries in school-aged children in contrast to earlier
national surveys of caries conducted by the National
Center for Health Statistics, which included people aged
Ito 74.

Table A
Estimates by Age of the U.S. Population
Represented by Examinees.

The sample design of the NIDR survey was governed by
two primary objectives. The first was to provide reliable
statistics on the level of dental caries in children aged
5-17 for the total United States (excluding Alaska) and
for 14 strata (urban and rural within seven geographic
regions). The key statistics used to summarize the level
dental caries were-the mean number of decayed, missing,
and filled permanent tooth surface-g (DMFS) and the
mean number of decayed, missing, or filled permanent
teeth (DMFT). The second survey objective was to
measure changes in the mean DMFS between 1980 and
1987. For the total United States, the sample size was
chosen to detect with 95 percent confidence and 80
percent power either a 14 percent decrease or a 16
percent increase in mean DMFS for 12-year-old children
between 1980 and 1987. To accomplish this without
increasing the sample size excessively, the sampling
methods selected for this survey differed slightly from
those used in 1980 (Appendix I).
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Age

N umber
Examined

Population
Represented

5
6
7
8
9
10
11
12
13
14
15
16
17

1,851
3,098
3,149
3,256
3,361
3,463
3.443
3,186
2,983
2,983
2,771
2,912
2,750

2,552,751
3,980,732
3,578.063
3,211,415
3,332,326
3,357.708
3,179,166
3,206,386
3,229,289
3,473,894
3,552,049
3,581,737
3,045,456

All ages

39,206

43,280.974

later analyses to determine levels of Streptococcus mutans
and lactobacilli. A questionnaire on smoking habits and
the use of smokeless tobacco, cigarettes, and alcohol was
administered to children in grades 6 through 12
(Appendix III).

The United States (excluding Alaska) was divided into
thei\arne seven geographic regions used in the 1979-80
survey (Figure 1), with the addition of Hawaii to Region
VII. Each region was further stratified into Standard
Metropolitan Statistical Area (SMSA-urban and
suburban) and non-SMSA (rural) areas and then further
divided into at least five strata based on median county
income. Additional strata were needed in some cells
because of population increases, so the final sample
contained 83 Primary Sampling Units (PSUs). A PSU
consisted of one or more public school districts and the
private and parochial schools connected to them by zip
code. Two classes each of grades kindergarten through 12
were selected from each PSU, except in Hawaii, where
only one class was selected from each grade. A total of
2,171 classes in 711 schools were selected across the seven
regions. The sample design, including response rates, is
described in detail in Appendix I.

This report presents the dental caries findings for
children aged 5-17 by age, sex; race, and level of
urbanization (SMSA/non-SMSA). The mean number
and components of decayed (D), missing (M), and filled
(F) permanent surfaces (S) and teeth (T) and decayed (d)
and filled (f) primary surfaces (s) and teeth (t) are
summarized for the entire U.S. and for each of the seven
geographic regions. Data on the permanent dentition are
presented as the average number of DMFS or DMFT
per child examined, but only children with at least one
permanent tooth are counted in computing these
averages. Data on the deciduous dentition (dfs/child or
dft/child) refer only to children age 5-9 with deciduou
teeth. All summary numbers are weighted estimates that
take into account the sample design, non-response, and
age-sex ratio adjustment of the sample to represent all
U.S. school children aged 5-17. The standard errors are
variance estimates computed by the balanced half-sample
replication method. Regional estimates are weighted
averages representing entire areas and may not be
applicable to the individual states or communities
sampled. It should be noted that, because of the
examination criteria used (Appendix II), all findings are
apt to be conservative compared to those that would be
expected from routine dental examinations performed in
the dental office.

The field staff for the survey consisted of 13 coordinating
teams and 13 examination teams. The examination
teams were trained and calibrated by NIDR and
contractor staff according to standardized written
diagnostic criteria (Appendix II). The criteria for
diagnosis of caries were the same as those used in the
1979-80 survey.
All children in selected classes, whose parents gave
written consent for their participation in the survey,
were given a standardized visual-tactile examination for
dental caries, dental fluorosis, gingivitis, periodontal
disease, and soft tissue lesions. No radiographs were
taken. Saliva samples were obtained from a 5 percent
subsample of the students in grades 2 through 12 for
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Table 08
Number and Percent of Children Who are Caries Frei in their
Permanent Dentition.)
ALL REGIONS
Age

NUMBER

All

20605095.

PERCENT
CARIES FREE

Both sexes
149.89

1144648.
3220229.
2984689.
2408299.
2183319.
1868822.
1429719.
1338476.
1098182.
962545.
775923.
716146.
474098.

97.34
94.36
84.21
75.01
65.52
55.66
44.97
41.74
34.01
27.71
21.84
19.99
15.57

All

9663088.

47.73

5
6
7
8
9
10
11
12
13
14
15
16
17

633983.
1555773.
1446619.
1126402.
1011971.
903630.
664085.
590717.
475561.
423459.
347588.
298459.
184839.

96.80
94.39
82.72
72.49
63.01
54.77
42.83
37.40
29.75
25.11
20.51
17.20
12.01

10942007.

51.97

5
6
7
( 8
9
10
11
12
13
14
15
16
17

Females

Males
All
5
6
7

a
9
10
11
12
13
14
15
16
17

510665.
1664456.
1538070.
1281897.
1171348.
965192.
765634.
747758.
622621.
539086.
428335.
417686.
289259.
20

98.02
94.34
85.66
77.38
67.86
56.52
47.01
45.96
38.18
30.16
23.06
22.62
19.20

,f56' 9.9
. ,
i( a
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Table 37
Mean, Standard Error and % Components of Decayed(d)
and Filled(f) Deciduous Teeth for-,Children Aged 5-9 Years.
ALL REGIONS
ALL TEETH
U.S. 1986-87
Age

Number In
Thousands
Both sexes
All
16547

Std-Err

%d/dft

%f/dft

1.884

0.048

33.10

66.90

46.21
38.68
31.00
27.83
25.27

53.79
61.32
69.00
72.17
74.73

Mean dft

.

5
6
7
8
9

2553
3978
3578
3211
3226

1.716
1.773
1.999
2.018
1.891

0.137
0.068
0.066
0.069
0.079

Females
All

8019

1.831

0.049

31.85

68.15

5
6
7
8
9

1314
1863
1759
1554
1530

1.683
1.686
1.953
2.026
1.797

0.126
0.079
0.102
0.084
0.111

45.46
37.48
30.19
26.04
23.16

54.54
62.52
69.81
73.96
76.84

Males
All

8528

1.933

0.061

34.21

65.79

1238
2116
1820
1658
1696

1.750
1.849
2.045
2.010
1.976

0.174
0.090
0.094
0.074
0.100

46.98
39.65
31.75
29.52
27.01

53.02
60.35
68.25
70.48
72.99

5
6
7
8
9

Table 38
Mean, Standard Error and % Components of Decayed(d)
and Filled(f) Deciduous Surfaces for Children Aged 5-9 Years.
ALL REGIONS
ALL SURFACES
U.S. 1986-87
'

Age Number In
Thousands
Both sexes
All
16547

Std-Err

%d/dfs

%f/dfs

3.912

0.130

28.03

71.97

0.332
0.197
0.154
0.165
0.196

37.31
31.94
27.25
24.87
21.36

62.69
68.06
72.75
75.13
78.64

Mean dfs

5
6

2553
3978

7
8

3578
3211

9

3226

3.403
3.733
4.202
4.236
3.892

Females
All

8019

3.730

0.126

27.67

72.33
61.95
68.77
72.92
76.18
79.77

1314

3.404

3.497

0.342

1863

1759
1554
1530

4.010
4.118
3.580

0.238
0.207

0.225

38.05
31.23
27.08
23.82
20.23

All

8528

4.083

0.158

28.34

71.66

5

1238
2116
1820
1658
1696

3.402
3.941
4.388
4.346
4.173

0.401
0.244
0.221
0.177
0.260

36.52

63.48,

32.50
27.40
25.80
22.24

72.60
74.20
77.76

5

6
7
8
9

Males

6
7
8
9

50

0.217

67.50

Table 02
Mean, Standard Error and % Components of Decayed(D), Missing(M),
and Filled(F) Permanent Surfaces for Children Aged 5-17 Years.
ALL SURFACESALL REGIONS
U.S. 1986-87\
Mean DMFS

Std-Err

%D/DMFS

%F/DMFS

%M/DMFS

3.07

0.071

13.4

82.3

4.3

1176
3413
3544
3210
3332
3358
3179
3206
3229
3474
3552
3582
3045

0.07
0.13
0.40
0.71
1.14
1.69
2.33
2.66
3.76
4.68
5.71
6.68
8.04

0.026
0.016
0.028
0.038
0.061
0.097
0.102
0.092
0.159
0.196
0.191
0.191
0.183

71.2
39.2
32.4
23.9
20.6
17.9
15.9
18.5
16.7
12.4
12.3
10.0
9.5

28.8
60.8
67.0
74.2
75.6
77.9
81.0
78.4
79.3
83.1
83.0
85.7
85.2

0.0
0.0
0.6
1.9
3.8
4.2
3.1
3.1
4.0
4.5
4.6
4.4
5.3

20246

3.32

0.081

13.0

82.8

4.2

9
10
11
12
13
14
15
16
17

655
1648
1749
1554
1606
1650
1551
1580
1598
1687
1695
1735
1539

0.08
0.14
0.43
0.76
1.21
1.73
2.48
2.99
4.22
5.18
6.11
7.29
8.58

0.028
0.033
0.032
0.043
0.078
0.108
0.096
0.126
0.244
0.236
0.280
0.236
0.294

50.0
36.8
33.9
24.3
19.0
18.3
16.7
17.2
17.0
10.9
11.2
10.1
9.0

50.0
63.2
65.4
75.1
79.5
78.0
80.1
79.7
78.9
85.4
84.2
85.0
85.4

0.0
0.0
0.7
0.6
1.5
3.8
3.2
3.1
4.1
3.8
4.6
4.9
•5.6

Males
All

21055

2.82

0.069

14.0

81.7

4.3

521
1764
1795
1657
1726
1708
1629
1627
1631
1787
1857
1846
1507

0.07
0.12
0.38
0.66
1.07
1.65
2.18
2.35
3.31
4.21
5.34
6.10
7.49

0.035
0.020
0.046
0.046
0.064
0.123
0.147
0.124
0.174
0.196
0.204
0.225
0.274

100.0
41.8
30.7
23.3
22.3
17.5
15.0
20.1
16.3
14.2
13.5
9.8
10.1

0.0
58.2
68.7
73.3
71.4
77.8
82.0
76.8
79.8
80.6
81.8
86.5
84.8

0.0
0.0
0.5
3.3
6.3
4.6
3.0
3.1
3.9
5.3
4.7
3.8
5.0

Age Number In
Thousands
Both sexes
All
41301
5
6
7
8
9
10
11
12
13
14
15
16
17
Females
All
5
6
7

a

5
6
7
8
9
10
11
12
13
14
15
16
17

14

Table 01
Mean, Standard Error and % Components of Decayed(D), MisSing(M),
and Filled(F) Permanent Teeth for Children Aged 5-17 Years.'
U.S. 1986-87
ALL TEETH ,
ALL REGIONS
Age Number In Mean DMFT Std-Err %D/DMFT %F/DMFT %M/DMFT
Thousands
Both sexes
All
41301
1.97
0.044
83.4
15.3
1.3

5
6
7

1176
3413
3544
3210
3332
3358
3179
3206
3229
3474
3552
3582
3045

0.05
0.10
0.29
0.51
0.77
1.12
1.52
1.79
2.42
3.05
3.66
4.19
4.96

0.016
0.012
0.021
0.029
0.038
0.060
0.057
0.062
0.086
0.125
0.105
0.096
0.096

71.9
47.1
37.6
28.2
23.9
21.1
17.3
19.7
17.9
13.9
14.5
11.3
10.6

28.1
52.9
62.3
71.3
75.0
77.6
81.7
79.4
80.8
84.8
84.1
87.3
87.7

0.0
0.0
0.1
0.5
1.1
1.3
1.0
0.9
1.3
1.4
1.5
1.4
1.7

20246

2.12

0.050

14.7

84.0

1.3

9
10
11
12
13

655
1648
1749
1554
1606
1650
1551
1580
1598

0.05
0.10
0.31
0.57
0.83
1.15
1.63
2.00
2.69

0.018
0.022
0.023
0.032
0.051
0.067
0.058
0.080
0.126

53.5
45.3
38.9
27.3
23.1
20.7
18.1
17.8
18.0

46.5
54.7
61.1
72.5
76.5
78.1
80.9
81.2
80.7

0.0
0.0
0.0
0.2
0.4
1.2
1.0
0.9

14
15
16
17

1687
1695
1735
1539

3.35
3.87
4.50
5.30

0.150
0.134
0.123
0.167

12.1
13.2
11.4
10.1

86.7
85.3
87.0
88.1 -

1.3
1.2
1.4
1.6
1.8

21055

1.83

0.043

16.0

82.6

1.4

521
1764
1795
1657
1726
1708
1629
1627
1631
1787
1857
1846
1507

0.04
0.09
0.28
0.46
0.71
1.09
1.41
1.60

0.019
0.014
0.033
0.034
0.040
0.068
0.080
0.086
0.097
0.127
0.121
0.109
0.113

100.0
49.0
36.2
29.2
24.8
21.5
16.4
22.0
17.8
15.8
15.7
11.3
11.1

0.0
51.0
63.6
69.9
73.3
77.1
82.7
77.1
81.0
82.6
82.8
87.5
87.2

0.0
0.0
0.1
0.9
1.9
1.4
0.9
0.9
1.2
1.6
1.5
1.2
1.6

a
9
10
11
12
13
14
15
16
17
Females
All

5
6
7

8

Males
All

5
6
7

a
9
10
11
12
13
14
15
16
17

2.76
3.47
3.90
4.62
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DENTAL CARIES

OBJECTIVES

DENTAL CARIES: 6-8-YEAR-OLDS

100 —

• Less than
High School

/Si High School • Some College
Graduate
or Graduate

0 All

• Objective
2000

85.8

80 —

03

per 60 —
cent 40 —
20 —
1+ decayed teeth
(dt+DT)

1+ decayed and
tilled teeth
(dtt+DMFT)

Percentage of 6-8-year-olds with one or more carious lesions
in Permanent andlor primary teeth: by parent education status
Percentage of 6-8-year-old children with:
Decayed and filled teeth (1+ dfi DMFT1 :) California 1993-94

U.S. (1986-871

2000 Ob.iective

All 6-8-year-old children

73%

53%

35%

Children aged 6-8 years whose parents
have less than a high school education
Black 6-8-year-old children
Latino / Hispanic 6-8-year-old children
Asian 6-8-year-old children
- Nor included in Healthy People 2000 Objectives

86%
70%
84%
90%

70%
61%

45%
40%

California 1993-94

U.S. (1986-87)

2000 Objective

Decayed teeth (1+ dt DT)

All 6-8-year-old children
Children aged 6 - 8 years whose parents
have less than a hi gh school education
Black 6-8-year-old children
Latino / Hispanic 6 - 8 - year -old children
Asian 6-8-year-old children

55%

27%* '

69%
60%
66%
71%

43%**
38%*
36%***
-

20%
30%

1

25%
25%
-

1

***15W2-84 data
- Not specified in Healthy People 2000 Objectives

I
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F igure 7
Percent of US. Children Who Were Caries Free in Their Permanent Dentition b y Geographic Region.
1986-87. —

Total United States
49.9
on;

Health or LS.

Schoog Chsiginrn.

Caries Free Status as correlated to percentage of fluoridation:
Region

% Fluoridated'

% Caries Free

Caries-Free Place

46.3

43.9
47.0

7th
6th

III
IV

57.3

30.3

3rd

72.3

48.9

5th

V

61.2

53.3

1st

VI

44.3

30.7

4th

VII '1

24.3

51.1

2nd

I

59.0

II

*Calculated from the 1985 Fluoridation Census
Center for Disease Control Atlanta, Georgia
It is noteworthy chat Region VII (WA, OR, CA and HI) the least
fluoridated, achieved a higher caries-free standing than the
hi g hly fluoridated Region III.
It is interesting co me that this correlation was NOT included
in the NIDR summary.

FIGURE 1
Percent of Publlo Water Supply Population Using Fluoridated Water and State Ranking

nnn •

X

NM
66.9
#26

AX

58.6
#33

CT 92.5 #10

AL
84.2

95.5

#16

#6

DE 66.7 027
DC 100.0. #1
HI 16.0 •49
MA

53.4

#35

MD

96.0

#5

NH

A; 7- 0.41 74- LPA. s
n

1,2-v0/4101477CW

arACOS 1/

76.9 #21

16.7

#47

NJ

15.4

#50

PR

76.7

#22

RI

80.1

020

VT

60.2

#30

Fluoridation
1985 Census
Region I
New England
Maine
Vermont
New H.
Mass
Conn
R.I

Region II
Northeast
New York
Penn
New Jersey

.Region III
Midwest
Minn .
Wis
Mich
Iowa
Missouri
Illinois
Indiana
Ohio

Region IV
Southeast
Wash. D C
Delaware
Maryland
Virginia
W. Vir
Kentucky
Tenn
N.0
S.0
Georgia
Alabama
Miss
Arkansaw
Lou
Florida

: Center for Disease
Control & Prevention
Atlanta, Georgia
404 488-4450 for free copy

50.7 .
60.2
16.7
53.4
92.5
80.1
353.6/6 = 58.93% fluoridated

70.0
53.5
15.4
138.9/3 = 46.30% fluoridated

81.3
88.9
91.1
86.9
71.0
97.4
97.2
88.2
702.0/8 = 87.75% fluoridated,

100.0
66.7
53.4
84.7
65.1
83.2
80.4
74.9
93.1
95.5
84.2
47.0
58.6
50.8
47.4
1085.00/15

72.33% fluoridated

1985 Cont.
Region V
Southwest
Colo
Arizona
New Mex
Texas

Region VI
Northwest
Montana
N. Dak
S. Dak
Nebraska
Kansas
Okla
Wyoming
Idaho
Utah •
Nevada

Region VII
Pacific
Wash
Oregon
Calif
Hawaii

Alaska

96.8
20.6
66.9
60.5
244.80/4 = 61.20% fluoridated

29.0
95.5
94.3
59.9
40.0
59.7
29.5
33.7
20
1 8
47740/10 = 44.54% fluoridated

40.8
24.5
16.6
16.0
—7770/4 = 24.48% fluoridated

76.9 (not included in any region)

•

California Department
• of Health Services
- • Maternal and Child
Health Branch

2.

Oral Health
Needs Assessinent

DESCRIPTION
he Omnibus Budget and Reconciliation Act of 1989 (OBRA 89) mandated that
the Maternal and Child Health (MCH) Title V block grant applications from states
to the federal bureau of MCH include a description of the needs of children and families
on a variety of health indicators including oral health.
Our current knowledge of the dental health of all children in California is very
limited. Because of the paucity of data on the dental status and needs of California's
children, the California Department of Health Services, MCH Branch, in collaboration
with the California Dental Health Foundation, conducted an oral health needs assessment
Of children ages 2 to 15 years old.
A series of three needs assessments* were conducted in 1993-94 to provide
an accurate picture of the dental health needs of children in the state including
an oral examination needs assessment, a cross-sectional epidemiologic needs
assessment, and a community leaders opinion needs assessment.
The needs assessments included 6,792 children in 10 geographic areas of
California. Special emphasis was placed to ensure adequate representation
of fluoridated, unfluoridated, urban, and rural areas.
1,0

Three different age groups were targeted for inclusion in the needs assessments:
preschool, elementary school, and high school children.

•

This is not a representative sample of of CalifOrnia' s children.

Our Children's Teeth: Beyond Brushing and Braces

4.

Oral Health Needs
Assessment Findings

BABY BOTTLE TOOTH DECAY
aby Bottle Tooth Decay (BBTD) or Early Childhood Tooth Decay is a form
of dental decay in toddlers attributed to the overuse of a baby bottle for feeding.
bEarly treatment of tooth decay is essential to prevent further destruction and pain.

NEEDS ASSESSMENT FINDINGS
g14% of all preschool children had BBTD (one or more teeth affected).
33% of Head Start children and 13% of non-Head Start preschool
children had BBTD.
Only 68% of parents/guardians used feeding practices that prevent BBTD.
Parents/guardians who did not graduate from high school were more
likely not to use appropriate feeding practices.

GAPS IDENTIFIED
The prevalence of BBTD was as high as 45% for Asian children
in Head Start preschools in fluoridated urban regions.
Hispanic children in Head Start preschools in non-fluoridated
urban areas had the second highest prevalence of BBTD (40%).
Only 0.4% of white non-Head Start preschool children
in fluoridated urban areas had BBTD.

Our Children's Teeth: Beyond Brushing and Braces

•

Vol. 5.3. No. I, Winter 199'3
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SYMPOSIUM
ORAL DISEASE: THE NEGLECTED EPIDEMIC—

W H AT CAN BE DONE?

In
Myron Alluktan, DOS, MPH
Assistant Deputy Commissioner
Director of Personal Hearth Services/Community Dental Programs
Boston Department of Hearth and Hospitals
Oral disease is still a neglected epidemic in our countrv,stespite improvements in oral health due to fluoridanon, other forms of fluorides. and better access to dental
care. Consider the following: .

• 84 percent of 17-vear-olds have had tooth decay
with an average of 11 affected surfaces.
• For ages 40-44.30 tooth surfaces have been affected

y

b tooth decay.
• 41 percent of those aged 65 and over have no teeth
at all.,
These data reflect the amount of disease for the general
population. For high-risk populations, such as those with
low income, the homeless, persons with HPI, people of
color, and the medically compromised. the oral disease
epiderruc is even more extensive and has more severe
consequences. Selected studies have shown that:
percent of the homeless need dental care:
rcent of Head Start children have had baby
tooth decay;
•
• 30 percent of the first signs of HUV infection appear
in the oral cavity;
• black. low-income. and Native*Arnerican children,
respectively, have 65 percent. 91 percent, and 265 percent

,

.

more untreated tooth decay than their peers:
• over 50 percent of homebound elderly have not
seen a dentist for 10 years.
According to the Report to Congress on Dental Activities of the US Department of Health and Human Services, Improved oral health for all Americans has been
constrained, in large part. by the low priority and visibility afforded oral health activities at the federal level." .
The keynote presentation by Dr. Robert Harmon and
the reactor panel will address "Oral Disease: the Ne. glecred Epidemic—What Can Be Done" The Health Re-

„sources and Services Administration (HRSA), of which
Pr. Harmon is the administrator, is a multibillion-dollar
federal agency. HRSA provides leadership to assure the
support and delivery of prirnary and preventive health
care and related support services, especially to the disadvantaged and underserved. HRSA also develops health
resources to meet the health needs of the nation. This
panel g3 VS us a unique opportunity to learn what HRSA
is doing to improve the oral health of our nation. Dr
Hannon is probably the first HRSA adrunistrator to

speak at the annual AAPHD meeting and we are pleased
that he is with us today.
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SAN FRANCISCO--(BUSINESS WIRE)--May 20, 1996—California children
ages 6 to 8 atre far more likely to have cavities than youngsters in the rest

of the nation, according to data from a statewide survey.
Known as the "California Oral Health Needs Assessment of Children," the
survey found that 73 percent-6f the state's children in this age group
examined during 1993-94 had experienced cavities in their teeth -A This
compares to 53 percent nationwide in the same age range according to a
National Institute of Dental Research survey in 1986-87.
Both figures are far from the goal of a prevalence rate of no more than 35
percent for children of this age proposed by the U.S. Public Health
Service, says Howard Pollick, BDS, MPH, principal investigator for the
California assessment survey and a clinical professor in the Department of
Dental Public Health and Hygiene of the LICSF School of Dentistry.
The USPHS goal was published in 1991 as part of a special report titled,
"Healthy People 2000."

Pollick recently presented a preliminary summary of some of the
California data at the International Association for Dental Research annual
meeting in San Francisco. The full report is expected to he published in
the fall.
The California assessment involved 6,643 children in three age groups:
pre-school, elementary (K-3), and high school (grade 10). It was
conducted by The Dental Health Foundation, a private nonprofit group,
under contract with the Maternal and Child Health Branch of the California
Department of Health Services with additional funding from The California
Wellness Foundation.
Pollick says the high prevalence of tooth decay in California children is
related to the state's past lack of commitment to fluoridating drinking

water. Until last year. California communities could choose whether to add
fluoride to water and most didn't. However, recent legislation requires
the majority of California communities to fluoridate when funding
becomes available.
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"Only 15.7 percent of Californians have access to fluoridated water now,"
says PoHick. "We're 47th out of all the states."
The statewide assessment included data on 391 15-year-olds in 30
California public schools.
"Here, the figure was more comparable to the national average," PoHick
says. Seventy-one percent\of these teens had experienced cavities,
compared to 78 percent nationwide in 1986-87'. The Healthy People 2000
goal is no more than 60 percent.
The survey also found that dental health varied widely depending on the
socio-economic and ethnic status of the children. Among the 6- to
8-year-olds, 86 percent of children whose parents had less than a high
school education had experienced tooth decay, while 70 percent of the
African-American, 84 percent of Hispanic/Latino, 90 percent of Asian and
61 percent of white children had known cavities.
In addition, the survey looked at the number of children whose teeth are
protected by dental sealants. Again, Pollick draws a correlation between
fluoridation and dental health.
"Our study found that in the fluoridated areas we went to In San
Francisco, the East Bay and Long Beach, a higher proportion of children
received sealants," he says. "This is because sealants are applied to
healthy teeth when a child gets his or her first permanent molars around
age 6. A sealant is not applied if a tooth has already developed a cavity, as
is more likely in an unfluoridated area."
consistent with the idea that you apply sealants
protect the teeth," he adds. "It's a preventive modality. I think

"We believe this is

to

fluoridation will help us achieve our goals for sealants."
Of the 776 8-year-olds in the California survey in 1993-94, 10 percent
had one or more sealants on their first molars, compared to 11 percent
nationwide in 1986-87. The Healthy People 2000 goal is 50 percent.
The prevalence of sealants in California varied widely, Pollick notes.
5/20/96

America Online: FRudolph

Page 2

A 1 8 fraa 'Tourists Oltitigh' *****

California Children
More Cavity-Prone
State far worse than national average
— lack of fluoride in water may be key
By David Perlman
Chrordele Selmer Editor

A state law passed In 1991 requires virtually all California wa-

ter districts to fluoridate their sup.
When it comes to dental health. plies. But It provides up state funds
California lags far behind the rest to cover the estimated $35 million
of the nation In protecting chil- to $45 million it would cost to do
dren against tooth decay, a recent the job — plus the $5 million to $10
survey shows.
million a year to operate and maintam the systems.
Seventy-three percent of the
states children in kindergarten As a result. the California Den.
through third grade have cavities tal Association, the state Departcaused by tooth decay — a rate far ment of Health Services and a Caliworse than the nationwide figure' rotas Fluoridation Task Force are
of 53 percent for the same age organizing an effort to seek (I.
group, according to a study led by nancing by major health foundsHoward Pollick. a dentist and pub- tions, Pollick said.
lie health specialist in the School
The assessment of children's
of Dentistry at the University of
dental health in California was
California at San Francisco.
based on a survey of 6,543 children
Among California's 10th-grad- In three group: preschool, the avers, the rate of tooth decay was ly years of elementary school, and
equally bad but much closer to the 10th-graders. Complete results are
national figure —71 percent of the being analyzed by Pollick's team
state's 15-year-olds have experienc- and will be published in the fall
ed cavities, compared to the naThe group also looked at the
tional rate of 78 percent, Pollick
use of sealants among California
noted.
youngsters. These are plastic mateAdding fluorides to communi- riaLs that are applied by dentists to
ty water supplies is known to re- healthy molars when children get
duce dental cavities by up to 40 their first permanent molars
percent, yet fluoridation is rare in around age 6.
much of California. San Francisco's water is fluoridated, and so is They are important in protectwater in Mann County, most San ing teeth against cavities, but the
Mateo County communities and study by Rollick and his colleagues
the entire region served by the showed that among the 8-year-olds
East Bay Municipal Utility District, surveyed. only 10 percent had
But in the rest of the state. few been treated with sealants. Among
communities have voted to fluor'. the 15-year-olds. 12.6 percent had
date their water, although polls received sealants,
have shown that more than 70 per- Because only dentists or dental
cent of the state's voters approve hygienists can apply sealants, the
of the measure. Water in San Jose. survey showed that children of
Sacramento. Stockton, Los Ange- more affluent families with access
les, San Diego, and most of Orange to dental care are the most likely
County is not fluoridated, Pollick to receive the protective materials,
said.
Pollick said.
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Research finds
California kids
prone to cavities
By Donna Birch

Scripps-McClatchy News Service
MODESTO, Calif. — It's the
last thing parents want to hear
when they take their children to
the dentist: Junior's got cavities.
If you live in California, you
•are more likely to hear that prognosis than parents in other
states. At least that's what
authors of a recent study on California children and cavities
found.
According to the study
"California Oral Health Needs
Assessment of Children," youngsters in the _Golden State
between the ages of 6 and 8 are
more likely to have cavities than
other children across the nation.
The survey found that 73 percent
of children in that age range had
cavities, compared to a national
average of 53 percent. The study, conducted by the
Dental Health Foundation in
cooperation with the California
Department of Health Services,
involved 6,643 children in three
age groups: preschool, elementary (kindergarten through third
grade) and high school
phomores.
Researchers found nearly
three-fourths of the children had
one or more cavities. Investigaors also found that children's
dental health varied significantly
depending on their economic and
ethnic status.
Nearly half of the elementary
school subjects, 3,225 children,
were from 32 public elementary
schools.
They were screened by nine
dentists who used criteria developed by the National Institute for
Dental Research.
The study's principal investi,
gator, Howard Pollick, a clinical
professor at UC San Francisco's

dentistry department, recently
presented a preliminary summary of the report during the
annual meeting of the International Association for Dental
Research. The full study will be
published later this year.
Pollick said the reason for the
proliferation of cavities is the
lack of fluoridated drinking
water. Only 17 percent of the
state's residents drink fluoridated water, ranking California
47th in access to fluoridated
water.
Of the 150 largest cities in the
country that don't add fluoride to
_their water, 87 are in California.
The list includes Modesto, Stockton, Los Angeles, San Diego and
San Jose.
Last year Gov. Wilson
approved a law that requires all
public water suppliers serving
more than 10,000 customers to
fluoridate, provided they find
outside financiers.
Modesto city officials say adding fluoride to drinking water
would cost about $1.28 a person
each year. That amount includes
the initial expense of equipping
the surface water treatment
plant and 24 wells with fluoride
injectors at a cost of $453,000
and a yearly operation cost of
$163,000. The city is about one or
two years away from
fluoridation.
Modesto dentist John Padmos
is in favor of adding fluoride to
drinking water supplies..
He has been active in both the
local and state movements advocating fluoridation.
"That (California children)
show higher tooth decay doesn't
surprise me," Padmos says.
"Fluoridated toothpaste and bottled water have all-helped, but it
really doesn't target the people
who need it."
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( BW)(CA-DENTAL-HLTH/SURVEY) First.-Ever California Kids Dental Survey:
"Neglected Epidemic" of Disease; Twice as Bad as U.S. Children;
Much Worse Than 10 Years Ago
News Editors/Health & Medical Writers
SACRAMENTO, Calif.--(BW HealthWire)--Sept. 18, 1997--The
first-ever statewide assessment of the oral health of California
children shows a "neglected epidemic" of dental disease, according
to The Dental Health Foundation (TDHF), which released its study that
reached this conclusion at a Capitol news conference today.
The study, sponsored by the California Department of Health
Services and the California Wellness Foundation, found high levels of
untreated tooth decay and gum disease among California preschool and
school-age children.
"Our report of the study's findings -- A Neglected Epidemic -- is
a distressing yet factual account of the poor oral health of
California's children. Oral diseases affect not only the teeth, gums
and the rest of the mouth, they can also lead to much more serious
general health problems, as well as significant pain, interference
with eating, poor self-image, overuse of emergency rooms, and loss of
valuable school and work time," said Jared Fine, DDS, chairman of
the Dental Health Foundation. "Nationally, in just one year,
20 million work days and 51 million school hours were lost due to
dental-related illness. In some cases, untreated oral diseases have
resulted in death."
Release of the study coincided with the announcement by The
Dental Health Foundation and The California Endowment of a new
Children's Dental Health Initiative -- an ambitious project that will
develop 10 school-based preventive dental programs around the state.
Also announced was the formation of an advisory group of dental
health and public health experts, children's organizations, and
philanthropies that will work on long-term solutions to the epidemic.
"The California Endowment is privileged to partner with The
Dental Health Foundation in promoting oral health. The importance of
this project is underscored by the fact that the oral health of
California children is well below national averages, and our
resources will help address this neglected epidemic in our state,"
said Dr. Steven Uranga McKane, president and CEO of The California
Endowment. "The Endowment's funding of the Children's Dental Health
Initiative is consistent with our mission to expand access to
affordable, quality health care for underserved individuals and
communities."
The study compared findings for California children with those of
school-age children in the U.S., and found that California children
have much higher rates of oral disease than U.S. children did as
long as ten years ago. "As just one example, tooth decay among
61'
6-8-year-olds was more than twice as high as the U.S. average for
this age group was 10 years ago . , and 175% higher than the Year 2000
objective for the nation. Waiting until oral diseases appear and
then treating them will never control this epidemic. We need to
prevent these diseases from ever occurring. Is a lifetime of oral
disease what California children have to look forward to?" Dr. Fine
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asked.
"Oral diseases are almost entirely preventable. We have the
resources and the technology to address this problem. What we lack
is the commitment to achieve oral health for all California
children," Dr. Fine told the news conference. "One very effective
preventive procedure available to us is dental sealants. Sealants
are plastic coatings applied to the chewing surfaces of the back
teeth to protect them against decay. Over 80% of all tooth decay
occurs on those surfaces. Yet only 10% of our 6-8-year-old age group
have received this important service. In states such as Ohio, where
the state health department and the dental profession have worked
together to actively promote sealants, the percentage went from 11%
to 26% in just 6 years."
"Preventive services are the least expensive type of dental
services, and they result in long-term savings in the costs of dental
treatment," Dr. Fine explained. "Fluoride and sealants are as
effective at preventing tooth decay as immunizations are at
preventing infectious disease. While all children are at risk of
tooth decay, if a well-off child gets a cavity, it's likely to get
filled. That's not the case for poor children or those without
dental insurance, and this is why preventive services are especially
important for these children. We can cure this epidemic, and prevent
it from recurring."
The Dental Health Foundation issued several preliminary
recommendations for parents, health professicnals, and community
leaders to address the epidemic, including:
community water fluoridation;
dental exams by age 1;
use of dental sealants;
use of fluoride toothpaste, fluoride mouthrinses and fluoride
applications by dental professionals;'
- toothbrushing and flossing;
-- counseling about Baby Bottle Tooth Decay and promotion of
healthy feeding practices for infants and health y eating practices
for everyone;
-- laws to restrict alcohol and tobacco use;
-- boycott of baby bottles that display soft drink logos; and,
-- school policies that require use of mouthguards during contact
sports.
"This first-ever oral health needs assessment provides a critical
benchmark from which we can measure our progress against oral
disease. The fact that we have this epidemic challenges us to move
forward through planning and action to assure that all California
children can achieve oral health," Dr. Fine added, "and one of our
recommendations is for the development of an 'oral health action
plan' for children that would include steps that government, dental
professionals and philanthropies could take to improve children's
oral health."
Dr. Ken Zakariasen, DDS, Ph.D., executive director of the
California Dental Association told the news conference, "The oral
health needs assessment clearly demonstrates the dental needs of
California children, and even more clearly points out that no one
agency or entity acting independently can hope to achieve the success
we desire in stemming this epidemic.
"The California Dental Association, The Dental Health Foundation,
the Department of Health Services and other like organizations have
been working individually to identify, treat and educate young people
and their parents about proper oral health. It now seems apparent
that only through partnering of all responsible parties -- public,
professional and philanthropic -- will sound dental health programs
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that provide necessary treatment and preventive measures be developed
and implemented."
The Foundation announced the formation of an advisory committee
of dental health'and public health experts, children's grou p s and
philanthropies to pursue and expand upon the recommendations outlined
in its report. Participants include the California Endowment,
California Department of Health Services, Sierra Health Foundation,
David and Lucile Packard Foundation, California Dental Association,
California Dental Hygienists' Association, California School Nurses
Organization, Children's Advocacy Institute, Children Now, Delta
Dental Plan of California and the California Children's Lobby.
The study was conducted during the 1993-94 school year and used
teams of dental examiners to examine 6,643 children in 156 schools in
10 geographic regions.
--30--rn/sf eh
CONTACT: Hoperaft Communications
Steve Hoperaft, 916/457-5546
or
Jared Fine DDS. MPH/Bob Isman DDS MPH, 916/920-1174
KEYWORD:
INDUSTRY

CALIFORNIA
KEYWORD: MEDICINE

GOVERNMENT EDUCATION

Today's News On The Net - Business Wire's full file on the Internet

with Hyperlinks to your home page.
URL:

!kole!

; c,)!p•Y12,..!

tire Tier
4:) 1'97

3 of 3

ausimess

mediz.

WIRE

09/19/97 06:54:1

e

1THURSDAY. SEPTEMBER 18. 1977

Neglect Blamed for Rising Tooth Decay Among State's Children
with the announcement of a
"Access (to dental health Care( is
lion follow-up project. fun
good and continues to improve every
California Endowment. includl
year," said Stan Rosenstein. a Medi-Cal
fluoridation of drinking water and limited access to treatment,
deputy at the state health department. . opment of pilot. school-based Melvinlion programs in 10 communititin
"(The report( needs to be updated."
infection, according to the study by the
By JULIE MARQUIS
lanonprofit Dental Health Foundation.
Rosenstein said the picture will im- . In general, the report's a
TIMES STAFF WRITER
The study, to be released today in
prove after implementation of recent mented that, until now, no one '
Sacramento, was based largely on denlegislation to expand health Insurance, a public health priority of t
Children in California are suffering
tal examinations of 6.643 preschoolers.
including a dental package, to nearly they stressed are ."live
rampant tooth decay in a "neglected
blood vessels, nerves and obviaIMISNUkindergartners through third-graders. .600.000 children of the working poor.
epidemic" of dental disease fueled by
He rejected the report's call for appoint- ity.
and 10th-graders in the 1993-91 school
paltry prevention measures and poor
But The long-term risks of .
ment of a state dental officer, calling it
year.
access to treatment. according to the
unnecessary, as the department already the problem are real, Fine
But the report came under immediate
state's first comprehensive survey of
Include tooth loss and loss of 411111.1)
employs three dentists. •
attack from the very entity that proyoungsters' oral health.
chew, disfigurement and loss dfrslef:
% Fine, chairman of the
Dr. Jar
vided most of the funding. In response
Almost a third of- preschoolers and
esteem, gum and orthodontic problems,
Dental Heath -Foundation, said the
to a federal requirement, the state
.
he said.
more than two-thirds of elementary and
Department of Health Services pro- delay in publication is typical for any
"We are creating dental cripples" high school students were found to have
good study that is based on thorough
vided $500,000 for the study, yet a
The study compares California unfasome form of tooth decay, with a fifth of
analysis and scientific review. He acdepartment representative said
vorably to the rest of the nation In many+
knowledged, however, that the report's
high school sophomores in "urgent need
Wednesday that the findings were a
Picea. see DENTAL, Al
release was partly tioied to coincide
of dental care" for aiceay. pain or rehash of "some old data."
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AL: Decay Epidemic
Coo eUrom Al .
way gr Uthough the latest available 110111:11d1 statistics are 10, years
old. et .1111Imple. 55% of children

aged OP (11' 8 were found to have
untrenroth decay in the state.
compi to 27% nationwide in
l98648.,
A Ah011ren's advocate said
wedds* that they and health
professionsls have been neglecting
the issue to children's detriment.
"This Is only really the kick-

start." said Alan Watahara, president of the California Childrens
Lobby. "It's really going to be up to
lusl, as well as dental health community and lawmakers. to 'move
this issue forward."
The authors blamed spotty
fluoridation for California's problems, noting that only 16% of
residents have access to adequately fluoridated water —"the
most cost-effective means to prevent tooth decay"—compared to
62% nationally.
"It is one of the lowest rates in
the nation." said Donald Lyman.
chief of chronic disease and injury
control for the state health department.
Lyman said a 1995 law that
mandates fluoridation in communities with more than 10.000 hookups
will help. However, the law came
with no funding attached. He and
the dental report's authors say
they hope philanthropic foundations, in particular, will contribute.

date by Rosenstein.)
Among the report's . recommendations:
• Seeking financial and community-based support for fluoridation,
• Expanding parent education
and school- and community-based
prevention programs. Parents in
particular need instruction about
how to prevent so-called babybottle tooth decay, caused by frequent or prolonged feeding with
sugar-filled liquids.
• Requiring that every child
have a certificate of completed
dental care to enter elementary
school.
• Increasing payments to dentists to at least cover costs and
expanding the scope of services in
dental plans for children.

Hills. add protective levels of fluoride to their water. said Dr. Timothy Collins, the county's dental
health officer and leader Of a state
fluoridation task force. He said the
city of Los Angeles is preparing its
facilities for a two-phase fluoridation project, but it has not yet
begun adding the fluoride.
There is a widespread misconception that most of the water in
the state is already fluoridated.
Collins said.
He and others said that a smallScale, but vocal, opposition to
fluoridation has hampered the
state's efforts at expanding fluoridation. But they said there now is
strong scientific 'consensus that
fluoride in drinking water is both
safe and effective. •
Another significant problem
. noted in the report is the relatively
few children who benefit from
another protective measure: dental
sealant. Although fluoride works to
protect the smooth surfaces of the
teeth. sealants—which are transpaten t 'plastic - like coatings applied
by a dentist—protect the pits and
grooves, where most, decay ocurs.
Yet only 10% of El-yealds and •
13% of 15-year-olds in California
have received sealants, according
to the report (although this is
roughly comparable to national
rates). In fact, 30% of California
kindergartners have never had a
dental visit, according to the re: port.
The problem is largely one of
access. More than 40% or highschoolers. for example, were.found
to lack dental insurance at the time
of the survey. (These findings, in
particular, were considered out of
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Neglect Blamed for Rising Tooth Decay Among State's
Children
• Health: Study cites low priority for dental care, spotty fluoridation of
drinking water and limited access to treatment.
By

, Times Staff Writer

hildren in California are suffering rampant tooth decay in
a a "neglected epidemic" of dental disease fueled by paltry
prevention measures and poor access to treatment, according to
the state's first comprehensive survey of youngsters' oral health.
Almost a third of preschoolers and more than two-thirds of
elementary and high school students were found to have some
form of tooth decay, with a fifth of high school sophomores in
"urgent need of dental care" for decay, pain or infection,
according to the study by the nonprofit Dental Health
Foundation.
The study, to be released today in Sacramento, was based
largely on dental examinations of 6,643 preschoolers,
kindergartners through third-graders, and 10th-graders in the
1993-94 school year.
But the report came under immediate attack from the very
entity that provided most of the funding. In response to a
federal requirement, the state Department of Health Services
provided $500,000 for the study, yet a department
representative said Wednesday that the findings were a rehash
of "some old data."
"Access [to dental health care] is good and continues to
improve every year," said Stan Rosenstein, a Medi-Cal deputy
at the state health department. "[The report] needs to be
updated."
Rosenstein said the picture will improve after
implementation of recent legislation to expand health insurance,
including a dental package, to nearly 600,000 children of the
working poor. He rejected the report's call for appointment of a
state dental officer, calling it unnecessary, as the department
already employs three dentists.
Dr. Jared Fine, chairman of the Dental Health Foundation,
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said the delay in publication is typical for any good study that is
based on thorough analysis and scientific review. He
acknowledged, however, that the report's release was partly
timed to coincide with the announcement of a $2 1-million
follow-up project, funded by the California Endowment,
including development of pilot, school-based intervention
programs in 10 communities.
In general, the report's authors lamented that, until now, no
one has made a public health priority of teeth--which they
stressed are "live organs" with blood vessels, nerves and
obvious utility.
But the long-term risks of ignoring the problem are real,
Fine said. They include tooth loss and loss of ability to chew,
disfigurement and loss of self-esteem, gum and orthodontic
problems, he said.
"We are creating dental cripples."
The study compares California unfavorably to the rest of the
nation in many ways, even though the latest available national
statistics are 10 years old. For example, 55% of children aged 6-\
to 8 were found to have untreated tooth decay in the state,
compared to 27% nationwide in 1986-87:\
. A children's advocate said Wednesday that they and health
professionals have been neglecting the issue to children's
detriment.
"This is only really the kick-start," said Alan Watahara,
president of the California Childrens Lobby. "It's really going to
be up to [us], as well as dental health community and
lawmakers, to move this issue forward."
The authors blamed spotty fluoridation for California's
problems, noting that only 16% of residents have access to
adequately fluoridated water--"the most cost-effective means to
prevent tooth decay"--compared to 62% nationally.
"It is one of the lowest rates in the nation," said Donald
Lyman, chief of chronic disease and injury control for the state
health department.
Lyman said a 1995 law that mandates fluoridation in
communities with more than 10,000 hookups will help.
However, the law came with no funding attached. He and the
dental report's authors say they hope philanthropic foundations,
in particular, will contribute.
In Los Angeles County, only two cities, Long Beach and
Beverly Hills, add protective levels of fluoride to their water,
said Dr. Timothy Collins, the county's dental health officer and
leader O f istate fluoridation task force: He said the city of Los
Angeles is preparing its facilities for a two-phase fluoridation
project, but it has not yet begun adding the fluoride.
There is a widespread misconception that most of the water
in the state is already fluoridated, Collins said.

He and others said that a small-scale, but vocal, opposition
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to fluoridation has hampered the state's efforts at expanding
fluoridation. But they said there now is strong scientific
consensus that fluoride in drinking water is both safe and
effective.
Another significant problem noted in the report is the
relatively few children who benefit from another protective
measure: dental sealant. Although fluoride works to protect the
smooth surfaces of the teeth, sealants—which are transparent
plastic-111e coatings applied by a dentist—protect the pits and
grooves, where most decay occurs.
Yet only 10% of 8-year-olds and 13% of 15-year-olds in
California have received sealants, according to the report
(although this is roughly comparable to national rates). In fact,
30% of California kindergartners have never had a dental visit,
according to the report.
The problem is largely one of access. More than 40% of
high-schoolers, for example, were found to lack dental
insurance at the time of the survey. (These findings, in
particular, were considered out of date by Rosenstein.)
Among the report's recommendations:
* Seeking financial and community-based support for
fluoridation.
* Expanding parent education and school- and
community-based prevention programs. Parents in particular
need instruction about how to prevent so-called baby-bottle
tooth decay, caused by frequent or prolonged feeding with
sugar-filled liquids.
* Requiring that every child have a certificate of completed
dental care to enter elementary school.
* Increasing payments to dentists to at least cover costs and
expanding the scope of services in dental plans for children.

***
Decaying Dental Health

The percentage of California children with untreated tooth
decay far exceeds the national average. Those whose parents
have less than a high school educatiochoolduation fare even
worsein dental health. Figures given are for the most recent
years available.
Children Ages 6-8 With Untreated Cavities
California, 1993-94
All: 55% -%
With parents lacking high school education: 69%
**
United States, 1986-87
All: 28%
With parents lacking high school education:
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Children Age 15 With Untreated Cavities
California, 1993-94
All: 45%,
With parents lacking high school education: 67%

t

* **

United States, 1986-87
All: 23%
With parents lacking high school education: 41%
Sources: The Dental Health Foundation; Selected Findings
and Recommendations from the California Oral Needs
Assessment of Children, 1993-94
of the Los Angeles Times for similar stories. You
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Report critical
of children's
dental health
• 'Epidemic': Tooth decay, oral
diseases blamed on neglect.
SACRAMENTO (AF') — The
mouths of children in California
Are in terrible shape, according to
a major dental hearth study released Thursday.
The statewide assessment of
the oral health of California children reports a "neglected epidemic" of dental disease, and
much higher rates of tooth decay
than found in the nation as a
whole.
The study by the Dental Health
Foundation was sponsored by
the sale Department of Health
Services and the California Wellness Foundation. It is based on
examinations of 6,643 children in
156 schools in 10 geographic re;ions of the state, conducted by
:eams of dental examiners during
the 1993-94 school year.
The report. 'The Oral Health of
California's Children: A Neglected Epidemic? found that in inchcarors ranging from cavities to
gum disease. California children
fared worse than children nationally.
But officials at the state health
department one of the report's
sponsors, criticized its Miffing) as
outdated, saying that access to
dental health Care has Improved
and will get better with implementation of recent legislation to
e_xpand health insurance, including dental care, to 600,000 poor
children.
"Access (to dental health care)
is good and continues to improve
every year," Stan Rosenstein. a
Medi-Cal deputy at the state
health department, told the Los
Angeles Times. 'The report
needs to be updated?
Dental Health Foundation
Chairman Jared L Fine acknowledged that data gathered for the
report was given to state health
officials in 1996( but said it wasn't
in a 'user friendly" form suitable
for public release.
He also said the report's lelease was dined to coincide with
announcement of a Sal million
grant from the California Endowment to develop school-based
preventive dental programs
around the state and form a public-private Dental Health Initiative to improve access to dental
care.
In the report, researchers
aimed to compare the oral health
status of California children with
a set of national oral heath objectives for the year 2000. and
with comparable national data
collected during the 1980s
"We coridnue to see aft epidemic of untreated oral diseases
in California children, Providing a
sobering reminder of our lack of
commitment to children's oral
health." said Flne.
The foundation chairman said
the report should spur actions to
address the "shocicingty poor status of our children's oral health
and the resulting needless cost in
both human and economic
t

Children's dental health specialist Tom Houghton, who sees
mostly poor children at his.Carinichael office, agreed the problem is dire and blames the state
Department of Health Services
for not doing enough to educate
and pay adequately for preventive n i p otid ram in poor roniniii-
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'Access (to dental heanh
care) Is good and
continues to Improve
event year. The report
needs to be updated.'
— Stan Rosenstein.
Mali-Cal deputy

nines
One of the few pediatric dentists in the region who treats
Medi-Cal patients. Houghton said
he's witnessed the oral health of
his patients deteriorate seriously
in the past 40 years.
The report found, among other
thalla

• The percentage of 6- to 8year-olds witt untreated decay
was more than twice as high as
the U.S. average for the same age
group in 1986-87 (55 percent
compared to 27 percent), and 175
percent higher than the year 2000 \
objective for the nation.
• Almost half of all -6:- .to 8-77
year-olds in the United Stites l in1986.87 were cavity-free compared with only 27 percent of
children in California almost 10
years later.
• The proportion of people nationwide served by fluoridated
water supplies in 1989 was 62
percent in California it remains
at 16 percent.
• Children from poor families.
families with lower educational
achievement, black and Latino
families have substantially higher
rates of decay than all children as
a group.
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Today there will be a news conference to announce results of
California's first-ever oral health needs assessment of children. The
LA Times and Sacramento Bee already ran stories this morning about it,

and other papers are expected to follow. The LA Times article is
included below, or you can see a glitzier version of it on the web at
http://www.lattmes.com/HOME/NEW5/5TATEACE0000159.html
but probably only today.
Bob Isman
Thursday, September 18, 1997

Neglect Blamed for Rising Tooth Decoy Among State's Children
Health: Study cites low priority for dental care,spotty fluoridation of
drinking water and limited access to treatment.
By JULIE MARQUIS, Times Staff Writer
Children in California are suffering rampant tooth decay in a "niglected
epidemic" of dental disease fueled by paltry prevention measures and poor access
to treatment according to the state's first comprehensive survey of youngsters'
oral health.
Almost a third of preschoolers arid more than two-thirds of elemeotary and high
school students were found to have*some form of tooth decay, with a fifth of
high school sophomores in "urgent need of dental care' For decay, pain or
infection,according to the study by the nonprofit Dental Health Foundation.
The study, to be released todoy in Sacramento, was based largely on dental
examinations of 6,643 preschoolers,kindergartners through third-vaders, and
10th-graders in the 1993-94 school year.
But the report came under immediate attcck from the very entity that provided
most of the funding. In response to a federal requirement, the state Department
of Health Services provided S500,000 for the study, yet a department
representative said Wednesday that the findings were a rehash orsome o/d data."
"Access (to dental health care] is good and continues to improve every year,"
said Stan Rosenstein, a Medi-Cal deputy at the state health department. "(The

reportl needs to be updated."
Rosenstein said the picture will improve after implementation of recent
legislation to expand health insurance, including a dental package, to nearly
600,000 children of the working poor. He rejected the report's cell for
appointment of a state dental officer,colling it unnecessary, as the department
ulready employs three dentists.
Dr. Jared Fine, chairman of the Dental Health Foundation, said tl , e delay in
publication is typical for any good study that is based on thorough analysts and
scientific review. He acknowledged,however, that the report's release was partly
timed to coincide with the announcement of a 52.1-million follow-up
project, funded by the California Endowment, including development of
pilot,school-based intervention programs in 10 communities.
In general, the report's authors lamented that, until now, no one has made a
public health priority of teeth—which they stressed are "live organs" with
blood vessels, nerves and obvious utility. But the long-term risks of ignoring
the problem are real. Fine said. They include tooth loss and loss of ability
to chew, disfigurement and lose of self-esteem, gum and orthodontic problems, he

said.

We

cy'e creating dental cripples."
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The study compares California unfavorably to the rest of the nation in many
ways, even though the latest available national statistics are 10 years old. For
example,i55% of- thildren aged - 6 to I were found to have untreated toothdecay in
the state, compared to 27% nationwide in - 1986-87.-A chileren's advocate soid
Wednesday that they and health professionals have been neglecting the issue to
children's detriment.-This is only really the kick-start," saidAlan Watahora,
president of the California Childrens Lobby. "It's really going to be up to
[usLas well as dental health community and lawmakers, to rove this issue
forward."
The authors blamed spotty fluoridation for California's problems,notlng that
only 16% of residents have access to.adequotely.fluoridated wate,- . - s the most
cost-effective means to prevent tooth.decay"--compared to 62% no-tional/y. .
"It is one of the lowest rotes in the nation," said Oonald Lyman, chief of
chronic disease and injury control for the state health deportment. Lyman said a
1995 law that mandates fluoridation in communities with more than 10,000 hookups
will help. However,he law came with no funding attached. He and the dental
report's authors say they hope philanthropic foundations,in particular, will
contribute.
In Los Angeles County, only two cities, long Beach and Beverly Hills, add
protective levels of fluorideto their water, saint'. Timothy Collins, the
county's dental health officer and leader of a state fluoridation task force. He
said the cityoF Los Angeles is preparing its facilities for a two-phase
fluoridation project, but it has not yet begun adding the fluoride. There is a
widespread misconception that most.of the water in.the state is already
fluoridated, Collins said.
He and others said that a small-scale, but vocal, opposition tofluoridation has
hampered the state's efforts at expanding fluoridation. But they said there now
is strong scientific consensus that fluoride in drinking water is both safe and
effective.
Another significant problem noted in the.report is the relatively.few children
who benefit from another protective.measure: dental.sealant. Although fluoride
works to protect the.smooth surfaces of,the teeth, sealants—which ore-,
transparent.plostic-like coatings,applied by a dentist--protect tme pits aria
grooves, where most,decay occurs: Yet only 10% of 8-year-olds and 19% of
15-year-olds in,California have received sealants, according to
the report (although,this is roughly comparable to notional rotes). In
fact, 30% of,Ca/ifornia kindergartners have never had a dental
visit, according to,the report.
The problem is largely one of access. More,thon 40% of,high-schooers, for
example, were found to lack,dental insurance at,the time of the survey. (These
findings, in,particular. were,considered out of date by Rosenstein.)
Amorg the report's recommendations:
• Seeking financial and community-based support for fluoridation.
* Expanding parent education and school- and community-based prevention,
programs. Parents inparticulor need inst r uction about how to prevtnt so-called
baby-bottle tooth decoy, caused by frequent or prolonged Feeding with
sugar-filled liquids.
• Requiring that every child have a certificate of completed dental care to
enter elementary school.
• Increasing payments to dentists to at least cover costs and expanding the
sco p e of services in dental plans for children.
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Statelt• KidiNeed -Dental care
Study says over half of children have untreated tooth decay.
-.13y: Greg . Lucas
Chronicle Sacramento Bureau

Sacramento .
The teeth of California school
kids are disaster areas, according
to the state's first study of the dental health ofgalifornia children released yesterday.
Overall, the study found that
California children were worse off
than children nationally in everything from tooth decay to gum disease. .•
••
More than two-thirds of elementary and high school students
have experienced tooth decay; the
study found. More than half of all
school-age children have untreated tooth decay.
• Six percent of preschOOters, 17
percent of those in grades K-3 and
21 percent of high school pupils
are experiencing pain, infection or
extensive tooth decay and, are in
"urgent need" of dental care.
"The findings are very distressing," said Jared Fine, dental health
administrator for, Alameda . County's public health department and
chairman of the Dental Health
Foundation in San Rafael, which
Issued the study. "Unlike some other health problems, dental disease
does not go away. It gets worse."
It gets more costly and more
difficult to treat. It, results in unnecessary pain."
Paid for by the state .Department of Health Services and the
California. Wellness Foundation,
the study was conducted during
the 199394 school year.
It is based on examinations of
6,648 *children in 156 Schools in 10
geographic regions of the state, in.
chiding Head Start centers, elementary and high schools in Alameda, Berkeley, Concord, Fremont, Oakland, Richmond,. San
Francisco and Union City.
The results were given to the
state in 1996, • •

CHILDREN'S
DENTAL CARE
The teeth of California school kids
are disaster areas, according to a • •
new state,peid study. ..
• . . .
The study rec.ornmended increased .
use of fluotidation in Water,' putting'
sealants on molars and plain-old
••••
brushing and flossing.
•

:

California children needing .
dental Care

2 Need dental treatment
•

Urgent need 54% -54%

•All
preschool

Head
Start

-K-3

• Htgh
• school -

Source: State of California report:

The Oral Health of California Children
Chronicla. Graphic

ry students bsd none and" 44. percent of high SchOol studetits lacked,
coverage.
Among the other findings:
• The Percentage of 6- te 8-'
wear olds -with . Untreated decay
was more than double the national
average for the same *group in
55 percent compared
. 198617
with 27 percent.
j•
.
. '
III Children froth: poor families
and children from .African Arnerfcan and Latino families have suh- •
stantiallY . higher 'rates, Of decay
than the aVerage. •
• Of high *school students. examined, 39 percent had early pertodontal damage, 11 percent had
, early gum disease, 5 percent had
tartar and6 percent had advanced.
tooth 'disease: .
Increasing flooridation.of con',
munity water supplies was the
most cost-effective way, of, reducing tooth decay, the study found.
Most parts of the Bay Area ;have
fluoridated water including San
FreficiiC6 and Most Of Contra Costa,'Alarneda, Maria, .and San Mateo
.
cotinties: •
•
,"But Other, major population
areas 'like Sail Dieg
o ad Los Ange-

"There have been some improvements Since the data Were-

les are not,fluoiidated," Fine said.

first collected, but .there are more
'steps that can be taken," said Ken

tions were' increased brushing and

August, a spokesman for the state
Health Department.
"We share the foundation's
concern about dental health and
will be reviewing the study's recommendations.":
Release of the study yesterday
by the dental. foundation was
timed to coincide., with .the announcement of a $2.1 million grant
from the California Endowment to
develop . more ,preventive. dental

programs in Schools and increase
access to' denial care: .
The study noted that 26 percent of preschoolers, had no dental
instirante, 28 percent of .eleinenta-.

Among the Other recoinmendaflossing and the use of .fluoride
toothpaste and *rinses: The study •
also' counseled ;beginning' dental
exams - at : age :1; wearing. Mouth- •
guards When playing • contaet •
sports . and the increased use 'of
dental sealants, a . prOtective coat- •
ing placed.on.the chewing surface
.
of a person'amolars.
"In combination with fluoride,
sealants are .as effective in pre-.
venting dental disease as-an immunization is in preventing infectious
disease," Fine said. "If you were to
make,, seatants available to all,,
g ecrchildren we *Conk! be
school-i
eliminating AO percent of the tooth
.
decay. those kida experience."

See da.A.71- e
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CHILDREN'S
DENTAL CARE
The teeth of California school kids
are disaster Areas, aCcortlfrig to a
new state-paid study.
The study recornmended increased
used fluolidistion in Water; putting
sealants on molars and plain-old
brushing and flossing.
•
California children needing
dental Care .
El

Need dental treatment

III

Urgent need

'54%

1.714

Heed
•All
preschool Alert

Ka

Ellgh
school

Source: Slate of Ceillotnia report
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e Tooth Fairy needs
Dental health among the California children is
deplorable, accortling to a recent
health%dzstudy
Lr
"Ti oral
=Iiv=
BY MARY BARKER

Herald Staff Writer
he little girl came in as
an emergency patient.
She and her parents
had just traveled by bus
• from King City to Salinas
with a toothache that wouldn't
quit.
It was — ohhh — the kind
of aching incisor for which you
used to grab some ice, jam it
against your cheek and then
tie a big kerchief around your
head.
Pediatric dentist Peter
Chiang went to work and, by
the time he was done, the girl
had two crowns, a pair of
:I silver fillin gs and 10 pulled
• teeth. Of those. eit_2ht were
abscessed and six were
decayed all the way down to
the gum line.
She was 3 years old.
It's the same spectrum of
1 childhood neglect that
I prompted Ray Stewart to once
make dentures for an 8-year. old. And. just last week, Roger
Sanger saw a 15-year-old who
was sitting in a dentist's chair
for the first time.
.Chiang. Stewart and Sanger.
who are all pediatric dentists.
are trying to curtail that sort
of catastrophe in the future.
Working as the Charitable
Council of Monterey County.
, the y- have plans to launch a
mobile center that will travel
to South County. tentatively
• beginning sometime in
October.
And this determined trio
also have applied for grant
money from the California En' dowment. which has dedicated
S2.1 million over three years
.; to the Dental Health
Foundation for a children's
dental health initiative. The
strategic plan is the result of a
recent oral health needs
assessment of California
•I children.
According to the study.
dental maladies are the most
prevalent disease affecting Cal: ifornia's youth and the most
widespread untreated
children's disease in the
United States.
The implications go far

1

:,.;

•

••n•^

C:Alitornia Childrvn
ENperi$Tricing Tooth Decay

•• • ••
Almost 1/3 of preschoolers and
more than 2/3 of elementary _
. and high school children have
experienced tooth decay

California 10th Graders in
Need of Dental Care

• .21% of tenth graders are in
urgent need of dental care for
- extensive- decay,. pain or •
infection.
The Dental Health Foundati.

THE CHARTS ABOVE are some of the key findings from the oral health needs assessment stud
showing the number of California children in urgent need of dental care and the number of chi
dren experiencing tooth decay.

be deported back (to Mexico
They've heard horror stories
about breaking up families."
Finding transportation to
services can be equally
daunting.
"Most families have a lot (
kids and one car." Sanger sai
"And it isn't a good car. Ther
are no children's specialists
from Salinas to San Luis
Obispo."
The endowment then can
only help. Should it be
awarded to the Charitable
Council. the funds will be
channeled into the same plac
that will be served by the
mobile center — elementary
schools in King City.
STEWART, above, examines X-rays in his office. Stewart and
Greenfield, Gonzales. Chuala
and perhaps Soledad.
fellow pediatric dentists, Peter Chiang and Roger Sanger, plan to
"One of the reasons we
begin operadng a mobile dental center in October, which will
applied for (the money) is
travel to South County areas.
because of the population pr.(
file in our county," said
be yond the obvious effect."
on — among other things —
lack of transportation.
Chiang. who helped apply foi
said Dr. Jared Fine of the
Sl81.000 over a three-year
indigence, language barriers
Dental Healtn Foundation
period. "(The profile is) large
and basic bureaucratic panic.
(DHF). -Dental disease can
-There's a fear in the
Hispanic. lower socioeconorn,
lead to scriu.i e neral health
level."
problems. chren who are
Hispanic population of getting
The S2.1 million in funds
on public assistance." Sanger
embarrassed :o smile, overuse
said. "We have to insist
will be parceled out to the
of emer2ency rooms. the loss
school-based programs for th
sometimes that they get
of valuable school and work
medically underserved and al
assistance.
time."
"They're thinkin g they might used to form a coalition.
Locally. you can blame that

some help

TEETH
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DR. RAY STEWART works on a teenage patient. According to
dental assessments, children who experience oral disease in early •
childhood continue to have dental problems throughout their
lives. Ste:vart once made dentures for an 8-year-old and current
figures show that 34 percent of Americans no longer have any
of their natural teeth.
involvin g the public, private
and philanthropic sectors. to
work on lon g -term solutions.
"When you conduct studies
like this. there's alWays the
concern that it's goin g to sit
on a shelf and gather dust,"
said Gar y Yates. of the
California wellness
Foundation. which alon g with
the state Department of
Health Services helped fund
the state assessment.
The more than SO letters of
interest have now been
whittled down to 36
applications, which currently
are being reviewed. The 10
winners will be announced in
the next couple of weeks.
-I think our chances (for re-

_

ceiving endowment money). in
terms of need, are very good,"
said Stewart. who sits on the
Di-IF advisory board and
helped write the assessment

report: -The Oral Health of
California's Children: A
Ne2lected Epidemic."
the DI-IF project focus is, of

course. on prevention.
An estimated 35.000 children
statewide will be given exams.
cleaning, fluoride treatment
and sealants.
Fluoride is a particularly important issue in California.
where only 16 percent of the
state's population has
fluoridated drinking water,
Please see TEETH PAGE 03

1

ranking California 47th in the
nation.
The state has passed a law
to fluoridate jurisdictions with
more than 10.000 connections,
but only when funds become
available. The lifetime cost of
fluoridation per person is
equal to the cost of one
dental
"Putting fluoridation into
California is absolutely necessary in attacking this
problem." Yates said. "That
can reduce decay anywhere
from 40-60 percent."
But. pending the implementation of such elusive monies,
Sanger. Stewart and Chiang
are channeling their efforts in
the direction of early
detection.

"We're pushing to have
people. from the time of their
first tooth — which is at 7 to
8 months — to develop a
relationship with the
children's dentist." Stewart
said. "There's the old adage
that nobody dies of a
toothache. But that,
unfortunately, is not
altogether true.
"We do have children a
couple of times a year in this .
area who end up with lifethreatening conditions.
"The good news about,
dental disease, though. is that
it's by and large totally
preventable if families and
children are educated."

.RICHARD G. FOULKES, B.A., M.D.
BOX 278, ABBOTSFORD, B.C., CANADA, V2S 4N9.
TELEPHONE (604) 850 3171

September 22, 1997
Dear Maureen;

Thank you

for the "Report of the California Health Needs
Assessment 1993-94" prepared by the Dental Health Foundation
for the State of California Health Services.

I am not surprised that you had difficulty in obtaining this
document, as it confirms the impressions that I conveyed to
you concerning the spurious nature of the report "Our
Children's Teeth - Beyond Brushes and Braces" and the "Summary
of Findings of the California Health Assessment of children
1993-94".
Page 1 of the "Executive Summary" of this Report deals with
the "heed" for fluoridation which it designates in the first
paragraph as "Cclommunity water fluoridation is the single,
most effective and efficient means' of prevention of dental
caries in children and adults regardless of race and income
level". This is the bias!
This announcement is followed by a comparison of the dft/DMFT
status of pre-school, elementary (K-3)-and high school (grade
10). All show higher percentages of caries occurring in
non-fluoridated urban and rural children compared to those
living in fluoridated regions of the survey. Examples abound.
In the K-3 group there are 43% more caries in non-fluoridated
urban and 36% more caries in rural regions than in fluoridated.
Also, Grade 10 children living in non-flucridated and in rural
regions had 54% and 36% more caries than in fluoridated
regions. Non-head start preschoolers when compared to those
living in fluoridated regions had 18% more decay in
non-fluoridated urban and a whopping 206% in rural regions.
These calculations from the data collected by the survey are
meant to shock the unsuspecting public (and their legislators)
into believing that there is an urgent need for dental care
and, especially, the universal implementation • f water
fluoridation. But, the calculations are not validated by the
observationst
If the observations of a survey cannot possibly be a
representative sample of the total population, then the values
calculated from the sample cannot be regarded as valid
estimates for the population. This can easily be shown to
be true in this survey which invalidates all of the calculations.
First, those responsible for writing the Report admit that
"the survey is not geographically representative of California
children" (Study Design (SD) page 2). They also admit that
it is "not a random sample" (SD p 3), that private schools
are omitted and that "only those schools, parents and

children/students who had provided written consent were
included in the survey" (SD p In short, the survey was,
by their own admission, carried out ' aa a selected and
non-representative sample. These admissions alone should
:
disqualify the calculations from the data.
There are many other "problems" inherent in the sample. These
are shown by examination of the information in the Report.
These include:
1. Sample size is very, small compared to the total. The
survey examined a total 6,643 schoolchildren. In the
K-grade 12 group, the total number in California is 5.1
million (1991-92); the sample size is 4,123.
2.
Racial composition is not representative. In
California, whites represent 44%, African Americans
(blacks) 9%; in the study (K-grade 12), whites are 24%,
blacks 15%. The higher percentage of blacks occurs in
the elementary schools according to the Report (SD p
12).
3. Poverty level (<200% below Federal Poverty Level)
is not representative. For example, in elementary schools
California is 39.9%, in the survey, 71.8%. In high schoo.,
37.1% compared to 50.1% in the survey.
4. Lifetime residence. In this survey no attempt is made
to compare caries prevelance of those children with
lifelong residence in fluoridated to that of those
residing a lifetime in non-fluoridated regions. The
percentages that are given for lifetime residence are
variable: pre-school, 76.6%; elementary, 64.6%; and,
high school, 42%.
5. Dental sealants. The highest percentage of children
with dental sealants occurs in fluoridated regions; for
example, in elementary school, the percentage with dental
sealants in the fluoridated region is 31.6%, in
non-fluoridated, 6.1% and in rural, 5.9%.
Each of these discrepencies are bound to skew the results
•
of the survey to favour fluoridation when used in
this type
of non-representative selective survey.
In brief, the calculations presented in this survey are
invalid! At best, this is the result of incompetence; at worst.
fraud.
Sincerely(

Richard G. Foulkes, M.D.

Bradford Hill's Principles
of Medical Statistics
Twelfth Edition
Austin Bradford Hill and I. D. Hill

Chapter 1O
Problems of sampling:
averages
The observations to which the appiration of statistical methods is particularly accessary are those which are influenced by numerous causes, the
object being to disentangle that multi* causation. Furthermore the
observations utilised are nearly always only a sample of all the possible
observations that might have been made. For instance. the frequency
distribution of the stature of Eograshmeo—e.g. the number of Englishmen
of different heights—is not based upon measurements of all Englishmen
but only upon some sample of them. The question that inimediately arises
is how far is the sample representative of the population from which it was
drawn, and bound up with that question, to what extent may the values
calculated from the sample--e.g the mean and standard deviation—be
regarded as precise estimates of the values in the population sampled? If
the mean height of 1000 men is 169 cm with a standard deviation of 7 cm.
may we assert that the values of the mean and standard deviation of all the
men of whom these 1000 form a sample are not likely to differ appreciably
from 169 and 7? This problem is fundamental to all statistical work and
reasoning; a clear conception of its importance is necessary if errors of
interpretation are to be avoided, whik a knowledge of the statistical
techniques in determining errors of sampling will allow conclusions to be
drawn with a greater degree of security.

Elimination of bias
Consideration must first be given, as previously noted, to the presence of
bias in the sample. If owing to the method of collection of the observations
those observations cannot possibly be a representative sample of the total
population, then clearly the values calculated from the sample cannot be
retarded as valid estimates of the population values, and no statistical
technique can allow fur that kind of error. That problem was discussed is
Chapter 3. In the present discussion we shall presume that the sample is

unbiased and devote attention entirely to the problem of the variability
which will be found to occur from one sample to another in such values as
means, standard deviations, and proportions, due sokly to what are
sometimes known as the 'errors of sampling'. This is not in fact a very good
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Toward Improving the Oral Health of Americans: an Overview
of Oral Health Status, Resources, and Care Delivery
ORAL HEALTH COORDINATING COMMITTEE, PUBLIC HEALTH SERVICE

Although many herald this improvement. millions of t: liildren still have significant levels of
caries i Seventy-five percent of children'i
dental caries arc concentrated in 25 percent of the
population (2). Higher disease levels generally are
found among rninoritie children from poor:and
Low-income families, and children whose parents
have less than a high school education. Among
American Indian and Alaska Native children ages 6
to 8 years, 88 percent have experienced dental
caries. By age 15, the disease rate increases to 91
percent in this group.
When dental caries in permanent teeth does
occur among . children, minority children are less
Likely to have their disease treated than white

Oral disease among adults. While the overall oral
health of adults is improving, dental caries, gingivitis, and periodontal diseases continue to affect
most adult Americans. A recent national survey
found that 96 percent of employed • adults in the
United States—nearly 100 million persons—had

experienced dental caries (13).
The number of decayed or filled teeth is greater

for white Americans than for African Americans

children, and they have more permanent teeth
extracted as a consequence (table 1) (2). The level
of untreated dental disease among American Indian
and Alaska Native children is much higher than
that for other minority children (according to the
Dental Branch, Indian Health Service. Public
Health Service, Rockville, MD, February 1993).. •
Fluoridatioti'-and the use of other fluorides have\
been successful in decreasing the prevalence of
dental caries on the smooth surfaces of teeth.
Unfortunately, these efforts have much less effeci
on dental caries that occur in the pits and fissures
of teeth (particularly on the biting surfaces of
teeth) where more than 85 percent of dental caries
now occiir (2). Dental sealants (a plastic coating (
placed on the biting surfaces) applied by a dental
professional are an effective, proven preventive
intervention for this type of decay.

Medicaid.
-,
• Each of the States surveyed failed-to adequately
cover "basic" dental services in its Medicaid program.
U
• A variety Of barriers restrict the low-income

child's access to dental services under State Medicaid programs (including administrative problems.
paperwork associated with claims submission and
prior approval, and low reimbursement rates for
dental services).

\

and other minorities (10.3 decayed or filled teeth
for whites versus 6.8 decayed or filled teeth for
African Americans). However, the percent of diseased teeth With untreated decay is greater among
African Americans than white Americans at all

ages (table 2).
Gingivitis and adult-onset periodontitis, two diseases that involve the supporting tissue of teeth,
affect nearly half of all employed Americans between 18 and 64 years of age (13). Untreated
periodontal diseases can lead to tooth mobility;
poor esthetics; decreased ability to eat, chew, or
speak; and tooth loss. One measure of periodontal
diseases is recession, exposure of tooth root surfaces due to a loss of gum tissue. More than 45
percent of employed adults 55 - 64 years of age had
moderate recession. Another measure of periodontal disease is the depth of pockets between the
teeth and supporting tissue. Almost 20 percent of
employed adults 55-64 years of age have periodontal pockets 4 millimeters or greater, indicating a
moderately compromised status of the supporting
periodontal tissue.
Untreated periodontal disease can lead to the loss
Of the supporting tissue from the tooth, exposing
the roots of the teeth. Deprived of their protective
tissue, root surfaces are more susceptible to dental
caries than the crowns of teeth. Because the degree
of recession generally increases with age, the rate
of decay on the roots of teeth is greater among
older Americans. •
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Original Communications. Frederick S. McKa y , DDS. The Dental
Cosmos, Vol. LK(I, No. 8. August, 1929.

"Regardless of the degree or perfection of calcification of the
enamel of the teeth examined, the decays as found are practically
limited to the pits and fissures; or, put in another way, to those
areas upon which there are interruptions in the surface continuity. "
Dr. Mckay examined a total of 187 children living in three
communities in Arizona, Idaho, and Colorado. A total of 773
cavities were found in the children's teeth. 733, or 95 percent,
were in pits and fissures.
1)

Facts From The National Institute of Dental Research. Marshall
Independent. Marshall, Minnesota. May 28, 1992.
"Nearly 90 percent of cavities in school children occur in the
surfaces of teeth with vulnerable pits and grooves, where fluoride
is least effective."

2)

3)

Hearings: Subcommittee of the Committee on Appropriations. House
of Representatives. March 8, 1984.
Dr. Loe (Director of the National Institute of Dental Research):
"Let me begin by saying that fluorides are most effective in preventing decay on the smooth surfaces of teeth. However, the chewing surfaces of posterior teeth are not smooth. They have crevices
and pits and it is our experience that fluorides don't really get
access to these pitted areas."
Toward Improving the Oral Health of Americans. Public Health
Reports. Nov. - Dec. 1993. Vol. 108, No. 6.
"Seventy-five percent of children's dental caries are concentrated in 25 percent of the population."
"Fluoridation and the use of other fluorides have been successful
in decreasing the prevalence of dental caries on the smooth surfaces of teeth. Unfortunately, these efforts have much less
effect on dental caries that occur in the pits and fissures of
teeth (particularly on the biting surfaces of teeth) where more
than 85 percent of dental caries now occur."

4)

Dental study upsets the accepted wisdom. Science News. Vol 125,
No. 1. January 7, 1984.
"The program focused on four . caries-prevention techniques: sealants,
a plastic-like coating applied to the chewing surfaces of back teeth
and to pits or fissures on the sides of teeth (these surfaces are
most prone to decay and ones which fluorides cannot protect adequately)":

5)

Preserving the perfect tooth. Journal of the American Dental Asso.
Editoria1.
TU8. March 1984.
"It is estimated that 84% of
year-old population involves
Although fluorides cannot be
incidence of cartes on these

6)

the caries experience in the 5 to 17
tooth surfaces with pits and fissures.
expected appreciably to reduce our
surfaces, sealants can."

Fluoridation: Time For A New Base Line? A.S. Gray, DDS. FRCD(C)
Journal of the Canadian Dental Asso. No. 10. 1987.
"The type of caries now seen in British Columbia's children of 13
years of age, is mostly the pit and fissure type. Knudsen in 1940,
suggested that 70 percent of the caries in children was in pits
and fissures. Recent reports indicate that today, 83 percent of
all caries in North American children is of this type. Pic and
fissure cavities aren't considered to be preventable by fluorides,
they are prevented by sealants."

2.

rat Health
Needs Assessment

DESCRIPTION

r,7

6 eAtp
f7 ti he Omnibus Budget and Reconciliation Act of 1989 (OBRA 89) mandated that

rf

/ the Maternal and Child Health (MCH) Tide V block grant applications from states
to the federal bureau of: NICH include a description ofthe needs of'children and families
on a variety of health indicators including oral health.
Our current knowledge of the dental health of all children in California is very
limited. Because of the paucity of data on the dental status and needs of California's
children, the California Department of Health Services, MCH Branch, in collaboration
with the California Dental Health Foundation, conducted an oral health needs assessment
of children ages 2 to 15 years old.
A series of three needs assessments' were conducted in 1993-94 to provide
an accurate picture of the dental health needs of children in the state including
an oral examination needs assessment, a cross-sectional epidemiologic needs
assessment, and a community leaders opinion needs assessment.
The needs assessments included 6,792 children in 10 geographic areas of
California.* Special emphasis was placed to ensure adequate representation
of fluoridated, unfluoridated, urban, and rural areas.
Three different age groups were targeted for inclusion in the needs assessments:
preschool, elementary school, and high school children.

' This is not a representative sample of all of California' s children.
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STUDY DESIGN

Introduction
This report of the California Oral Health Needs Assessment provides information from data collected with the
consent of parents and children. Three population groups from preschools, elementary schools, and high schools
were assessed by questionnaire and dental examinations. This report describes the design and implementation of
the oral health needs assessment, and highlights the extent to which the dental health of California's children
compares with national health objectives set for the year 2000.
Background and Purpose
1. Onmibus Reconciliation Act of 1989 (OBRA '89): This federal legislation included changes to Medicaid's
Early and Periodic Screening, Diagnosis and Treatment (EPSDT)and Title V Maternal and Child Health (MCH)
programs. Requirements were made for states, every five years, to undertake needs assessments of their
populations that would include oral health and the need for preventive and primary care services The
assessments were to be consistent with the applicable health status goals and national health objectives
established by the Secretary of Health and Human Services for the year 2000. MCH programs were directed to
spend more of their budget on non-perinatal issues relating to all children than had previously been the case.
OBRA 19 required that MCH block grant applications include a description of the conduct of the needs
assessment. how it will be updated and expanded in current and subsequent years, and the ways in which the
MCH agency collaborated with appropriate staff and agencies, including those in the area of oral health. The
application must also include a plan for meeting the needs identified by the statewide needs assessment, and a
description of how the state intends to use its block grant funds to carry out this plan.
2. CinaffegIth .ligeskAressagezatigtget The U.S. Public Health Service awarded a grant to Dr. Mark Siegal,

Acting MCH Director in Ohio, to develop a model for oral health needs assessments being conducted at the state
level. Dr. Siegal has been a primary member of the California oral health needs assessment project advisory
board. Ohio is currently in a second round of data collection for their needs assessment. Several other states
including Arizona, Hawaii. Nevada. Oregon, and Washington have already completed data collection for their
oral health needs assessment.
l•/•.
Oa • : There has been a great deal of
3. _
•
•
internist on the pert of the Legislature and constituency groups in children's dental disatse prevention programs
and improved access to dental health services. The Legislative has in past sessions passed legislation increasing
the reimbursement to counties for children participating in the Children's Dental Disease Prevention Program
administered by the DHS. During hearings and debate on Proposition 99 legislation (AB 75, AS 1154, AS 99,
and SB 178), there was considerable interest and concern about the lack of dental health services for children
Dental services were specifically identified by the Legislature in relation to treatment services available to
children unda the Child Health and Disability Prevention (CHDP) program. and DHS was instructed to have
sufficient dental health staff to evaluate problems with dental service delivery. DHS is currently involved in
litigation regarding access to dental care for Moth-Cal eligibles. The California Dental Association and the
California Society of Pediatric Dentists have been working with DHS to resolve access problems and to expand
children's preventive dental services.

The paucity of data on the oral health status and needs of California children led to the California Department of
Health Services, Maternal and Child Health (MCH) Branch contracting with The Dental Health Foundation to
produce this oral health needs assessment report. There has not been a survey of dental caries prevalence
conducted across California since the 1950's, and although some more recent data exist on specific programs and
in local areas, and there are regional data from national studies from 1979-80 and 1986-87, none of these can be
extrapolated to the current oral health needs of California's children.
The data from this oral health needs assessment are to be used to determine the extent to whicb Oral Health
Objectives as specified in Healthy People 2000 are being met (Healthy People 2000: National Health Promotion

and Disease Prevention Objectives - Full Report with Commentary. Washington DC: US. Department of
Health and Human Services. Public Health Service, 1991:349-64; DHHS publication no. (PHS)91-50212)1 As
such these data provide a baseline for evaluation of efforts to meet these objectives. The objectives relating to
DRAFT: 10/18/84: HP: 013.1
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OBJECTIVES

SEALANTS -

S

SEALANTS: Age 8
• Rural

II Fluoridated 0 Urban

0 All Regions

54.5

All Incomes

Non Poor

Poor

Percentage of children aged 8 years with evidence of a sealant: by poyert) and region
Poor: < 200% Poverty
1.

SEALANTS: Age 8
All Incomes

III Poor

Asian

Black

Latino

White

All

Percentage of children aged 8 years with evidence of a sealant: by poyert .) and ethnicity
Poor: < 200% Poverty
Percentage of children aged 8 years and in grade 3 who have received protective sealants on the occlusal
(chewing) surfaces of permanent first molar teeth; by poverty, region. and ethnicity•
Grade 3

Atte 8

Pm
Fluoridated
Urban
Rural
All Regions

1.7.-,
3.3
2.5
43

No n Poorm AU Income:.
- '\
295
,
54.
5.4
8.0
6.1
22.6
25.5

10.4

Poor

Non Poor

All Incomes

10.8
4.0
3.4

51.8
11.8
16.8

31.6
6.1
5.9

4.9

25.7

11.5

Poor: < 2005 Poverty
Grade 3

At 8

Poor

Non Poor

All Incomes

Poor

NO11 Poor

All Incomes
6.6

Asian
Black

5.6
1.0

7.6
4.0

4.8
3.1

15.0
4.8

Latino

5.4

6.8

6.2

8.3

6:7

White

3.8

27.9

15.0

37.3

19.0

All Reg ions

4.5

25.5

10.4

4.0
4.9

25.7

11.5
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SAMPLE

DEMOGRAPHICS
Lifetime Residency

As expected there were fewer children who had lived all their lives in the same town or city (lifetime residents)
as their age increased. About three-quarters of the preschoolers, two-thirds of the elementary school children, and
less than half of the high school students were lifetime residents. An additional 15% of elementary and high
school students had lived in the same town or city all their lives except for up to 2 years.

UFETIME RESIDENCY
• All High Schools

I• All Preschools D Grades K-3
78.6

60-

03

per
cent 40-

14.9

20•

1

Lietine

Z3A 20.5

14.8

=MN

Except for up to 2 yews

Other

Distribution (%) of Sample by Lifetime Residency

Elms?"Ilia
A similar pattern was seen for place of birth, with 88% and 79% of preschoolers and elementary school children
having been born in California. Of the high school students, 11% were born in the USA outside of California
and 41% were foreign born.

PLACE OF BIRTH
I• All Preschools 0 Grades K-3
100—
80—
per 60—
cent 40—
20—

88.4

• All High Schools'

79.3
48.8

40.7

63
California

7,8 10.7

Foreign

USA (not
California)

Distribution ( %) of Sample by Place of Birth
Percentage of Sample by Place of Birth and Lifetime Residency
(For those who answered this question)

California
All Preschools
Grades K-3
All High Schools
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88.4
79.3
48.6

Place of Birth
USA (not

Foreign -,

California)
5.3
7.8
10.7

6.3
12.9
40.7

Lifetime

Lifetime Resident
Except for up
to 2 years

Other

76.6
64.6
42.0

14.9
14.8

23.4
20.5
43.3
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STUDY DESIGN

Number of guestionnairelconsent packages printed by language
English/
Vietnamese

Elementary
High

English/
Spanish
5,500
8,250
7,000

200
300
300

Cambodian
200
300
100

Total

20,750

800

600

Preschool

alb

•.t.01

,6

English/

I •

•

ILO

English/
Cantonese

Total

100
200
200

6,000
9,050
7,600

500

22,650

I.

1

i

•11.11

The difference between elementary and high schools that participated in the nrrvey and those that declined to
participate was analyzed. In those schools, the proportions of children who were AFDC participtmts and enrolled
in the Free School Lunch program were compared. There were significant differences in AFDC and Free School
Lunch enrollment in elementary schools. Therefore, those elementary schools that participated overrepresent
schools where there was a higher AFDC and Free School Lunah program enrollment.
EihnicieciaElcmgairmiliishichads
The comparison between elementary and high schools that participated in the survey, and those that declined to
participate was also analyzed for ethnic differences. There was a higher percentage of African American/Black
children in participating elementary schools than in those that declined to participate.
Elementary Schools
Schools

Number of Schools
AFDC enrollment
Free School Lunch
Asian
Black
Hispanic
White

Participating
Number
32
31.17%
61.92%
15.60%
20.19%
33.73%
29.51%

SE
3.14%
4.09%
2.55%
3.98%
3.58%
4.62%

Refused
Number
33
23.29%
50.57%
19.08%
10.81%
32.50%
37.03%

SE
3.45%
4.98%
3.00%
2.15%
4.62%
4.28%

p
0.096
0.084
NS
0.041
NS
NS

High Schools
Schools
Number of Schools
AFDC earolbnent
Free School Lunch

Asian
Black
Hispanic

White

Participating
Number
40
17.83%
25.93%
14.65%
13.57%
38.02%
32.76%

Refused
SE
1.58%
3.20%
2.55%
2.32%
3.42%
3.68%

Number
56
13.66%
21.93%
17.40%
15.43%
31.40%
34.94%

SE
1.91%
2.36%
2.32%
2.40%
2.53%
3.01%

NS
NS

NS
NS
NS
NS

Othalthandtaace

Ethnicity/Race as defined by the California Department of Education limits the opportunities for individuals to
be identified as 'Other' (non American Indian. Asian, Black, Latino, or White). In this survey, there was greater
freedom for individuals to identify themselves as 'Other' which includes multi-ethnic, and for analysis, American
Indian. The percentage of individuals idaitified as 'Other' for analysis was as follows: preschools: 5.7%;
elementary schools: 10.4%; and high schools: 6.1%. The California Department of Education identifies 0.8% of
enrolled children in public school as American Indian or Alaskan, with no 'Other' category. In California. the
U.S. Census finds 13.2% of individuals identified as 'Other Race', and 1.6% as American Indian, Eskimo or
Aleut.
e 1990 Census data show that for all children ages 0-17 years in California, 393% live in families below
200% of the Federal Poverty Level. The corresponding percentages for children under 5 years, children aged 5-11
years. and those aged 12-17 years are 41.3%, 39.9% and 37.1% respectively. \
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STUDY DESIGN
The data from the epidemiological survey show tliat the corresponding estimated population percentages for
preschools (aged 2-5), elementary schools (aged 5-9), and high schools (aged 14-19) are 43.0%, 71.8%. and
For the preschools survey the percentage offamilies below 200% of the Federal Poverty Level is similar to the
general population for that age group in California.
However, for the elementary schools survey and the high schools survey, the percentage offamilies below 2W%
of the Federal Poverty Level is higher than in the general population for that age group in C.alifoinia. This is
not surprising since, by design, the surveys oversampkd ethnic minorities, and private schools were ea:Wed
due to the lack ofdata available to sample by ethnicity Neither of these factors applied in the preschooLt survey
The surveys also oversampkd rural communities. Perhaps more importantly, there is no mandate for children in
public schools to have a dental screening, and a consent process was necessary at the school administration and
teacher level, and for perms/guardians and their children. In contrast, there were anecdotal reports from some
school administrators, teachers, and site coordinators that the reading level of the consent firm and
questionnaires were considered too high to adequately reach low income families. It mast be assumed that school
administrators, teachers and parausiguandiant whoer
i.ewilling to participate were those who perceived the
gruffest need for the children to receive afree dental screening.
To overcome this bias in the survey, some data are presented by poor and non-poor status.
STATISTICAL ANALYSIS
For analysis purposes the geographic regions were divided into 3 analysis areas, to provide comparisons between
regions of interest and an adequate sample size:
1.Fluoridated Urban
2. Non-Fluoridated Urban
3. Rural
Weights
Weighting of the data generalizes the findings to the population represented by the sample. All data presented in
this report are weighted, except where specified as being sample data. In each age group all stitdents have a
sampling weight defined as the product of the following factors:
a) School weight: Inverse of the probability of school selection
b) Grade weight: Number of students enrolled in the grade divided by the number of participating students with
non-missing oral health status data
c) Ethnicity post-stratification factor Post-stratification weights were used to adjust the sample to represent the
same ethnicity distribution found in California as a whole. In the preschool sample, weights were adjusted to
represent ethnicity distribution of Head Start and non-Head Start facilities in California separately.
It should be noted that economic factors were not used for sample selection or for weighting the data.
Equipment and Soihvare
Initial analyses for sample selection were performed on an IBM 486 personal computer using SAS/PC
(Statistical Analysis Systent Institute Inc., SAS Campus Drive, Cary, North Carolina). Final data analyses were
performed both on the IBM 486 and on an IBM mainframe using both SAS and PC CARP (PC CARP.
Statistical Laboratory. Iowa State University, Ames. Lt June 1989).
Mean and Standard Error Estimation
Means were estimated using the Ratio Estimator (Cochran, W: Sampling Techniques. John Wiley & Sons;
(1977). pp 317-318; Kish, L.. Statistical Design for Research.) Standard errors were calculated using the Taylor
series expansion approach as performed by PC CARP.
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DENTAL INSURANCE COVERAGE
Medi-Cal (California's Medicaid) benefits are generally available to children aged 1-6 years in families where the
annual income is at 133% of the Federal Poverty Level; for children aged 6-19 years these benefits are available
where the income is at the 100% Federal Poverty Level. Benefits for other children in families where the annual
income is under 200% of the Federal Poverty Level are available under the Child Health and Disability
Prevention (CHDP) program.
(For those who answered this question)
Elementary

Preschool
Dental Insurance

High School

Number

Paton

Number

Percent

Number

Percent

1235

493

1256

413

223

263

Private

519

20.7

809

26.6

238

28.1

Military

17

0.7

53

1.7

11

1.3

Other

121

4.8

100

3.3

39

4:6

None

612

24.4

823

27.1

336

39.7

Total

2504

100.0

3041

100.0

847

100.0

Medi-Cal

Economic Status of Sample Children's Families and Dental Insurance Coverage
(For whom <200% of Poverty is determined)
Survey Sample

Economic Status

Dental Insurance

Head Start Preschools
sample percent
Population Estimate %

•
Poor Non Poor I Mull-Cal
37
1139
96.8%
3.2%
653%
96.6%
3.4%

Non Head Start Preschools
sample percent
Population Estimate %

514
54.4%
403%

4311
45.6% I
59.7%1

18.1%

Private Military

Other

6.8%

0.9%

5.0%

21.8%

49.6%

0.8%

53%

26.1%

1235

519

17

121

612

29.9%
57.0%

49.3%

0.7%
0.8%

4.8%

24.4%

20.6%

20.7%
47.4%

5.3%

25.9%

79.1%
71.8%

546
20.9%
28.2% I

1256
413%
343%

809
26.6%
31.0%

53
1.7%
2.8%

100
33%
4.0%

823
27.1%
27.6%

433
72.2%
50.1%

167
27.8%
49.9%

223
263%
103%

238
28.1%
40.1%

11
1.3%
0.6%

39
4.6%
53%

336
39.7%
43.7%

All Preschools
sample percent
Population Estimate %

43.0%

Grades K-3
sample percent
Population Estimate %
Grade 10 (All High Schools)
sample percent
Population Estimate %

1653
77.9%

2065

6751

Poor: <200% of Powrvy

The sample percentage and population estimate percentage differ due to weighting of the sample participants to
represent the larger population from which they were selected.
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Economic Status of Survey Children's Families and Dental Insurance Coverage
(for those who answered these questions)
Dental Insurance

Economic Status

, Survey Children

Medi-Cal

Eclat&

Military

aim

Nog

65.5%

6.8%

0.9%

5.0%

21.8%

59.7%

18.1%

49.6%

0.8%

5.3%

26.1%

1653

468

1235

519

17

121

612

Sample percent

77.9%

22.1%

493%

20.7%

0.7%

4.8%

24.4%

Estimate percent

43.0%

57.0%

20.6%

47.4%

0.8%

5.3%

25.9%

Poor

Non-Poor

1139

37

Sample percent

96.9%

3.1%

Estimate percent

96.6%

3.4%

514

431

Sample percent

54.4%

-45.6%

Estimate percent

40.3%

All Preschools
sample size

Head Start Preschools
sample size

Non-Head Start Preschools
sample size

Poor: Below 200% of Poverty
The sample percentage and (population) estimate percentage differ due to weightin g of the sample participants to
represent the larger population from which they were selected.

Dental Insurance: Preschools; Population Estimate
I• Poor

80 60 per
40
cent
20-

El Non Poor • All

€02
47.4

43.7

28.6 23.725.9

20.6

19.
7.7
0.4 1.3 0/3

39 5.3

0
Medi-Cal

Private

Other

Military

None

Dental Insurance Status of Survey's Poor and Non-Poor Childrenz
Distribution ( rk ) of Population Estimate
Dental Insurance
4

Poor
Non Poor
All

Medi-Cal

Private

Military

Other

N___Le
(n

43.7%

19.7%

0.4%

7.7%

28.5%

1.8%

69.2%

1

.3%

3.9%

23.7%

70.6%

47.4%

0.8%

5.3%

25.9%

Poor. Below 200% of Poverty
4
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ELEMENTARY SCHOOLS REPORT

Ethnicity of Survey
Children in Grades K-3

Ethnicity of California Public School
Children in Grades K-3

Latino

White
44%

24%

Mien
16%

Asian Other

10%

Whit*

Rack
16%

114

Other
11%

Cliak6EM:

Ethnicity of Camila Public School Chibrken in Grades )(4: California Department of Eduoaticxt. 1991-92 data.
Ethnics of
• Children in Grades 1(4: Exarniruation Surv • Ouestionnaire

,

DEMOGRAPHICS OF SURVEY'S ELEMENTARY SCHOOL POPULATION .

Data Source: Examination Survey questionnaire

Survey Sample: Number of Schools, Children Examined and Ethnic Distribution
Other
White
Black
Latino
Asian
Schools Students
Grade K
per cent

32

Grades 1-2
per cent

32

Grade 3
per cent
Grades K-3
per cent

32

105
9.9

32.7

161
15.2

168
15.9

404
38.2

1312
40.6

193

182
13.9

451

332

154

14.7

34.4

25.3

11.7

863
26.7

136
15.8

121
14.0

296
34.3

225

as

26.1

9.8

3234
100

490
15.2

471
14.6

'1151
35.6

778
24.1

10.6

1059

221

20.9

344

Note: Total screened 3225

Economic Status of Survey Children's Families and Dental Insurance Coverage
(for those who answered these questions)
Eurvev Sample

Economic Status"
Poor
Non Poor

Dental Insurance
Other
Military
MegT.sai priv ate

Noe

citacie_15
sample size
Sample per cent
Estimate percent

671
80.1%
69.1%

167
19.9%
30.8%

33.7%

32.3%

4.2%

3.6%

26.2%

Grades 1-2
sample size
Sample per cent
Estimate percent

829
77.8%
73.6%

237
22.2%
26.4%

35.0%

30.4%

1.8%

4.0%

28.7%

Grade 3
sample size
Sample per cent
Estimate percent

565
79.9%
72.3%

142
20.1%
27.7%

34.7%

30.3%

2.4%

4.8%

27.8%

Grades K-3
sample size
Sample per cent
Estimate percent

2065
79.1%
71.8%

546
20.9%
28.2%

1256
41.3%
34.5%

809
26.6%
31.0%

53
1.7%
2.8%

100
3.3%
4.0%

823
27.1%
27.6%

Poor: Below 20046 of Poverty
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1 HIGH SCHOOLS REPORT

REGIONAL DISTRIBUTION

Urban
56%

Urban
81%

Regional Distribution of High Schools
Sample

Regional Distribution of High Schools
Popblation Estimate

DEMOGRAPHICS OF SURVEY'S HIGH SCHOOL POPULATION
Data Source: Examination Survey questionnaire
Survey Sample: Number of Schools, Students Examined and Ethnic Distribution

High School

Students

Asian

Black

Latino
,

White

30

745

209
28.1

89

255

139

53

11.9

34.2

18.7

7.1

7.9

-%
Continuation High

10

164

%

All High Schools

Other

Schools

40

909

%

13

7

24

96

4.3

14.6

58.5

24
14.6

216
23.8

113

351

163

66

12.4

38.6

17.9

7.3

Economic Status of Sample Students' Families and Dental insurance Coverage
Economic Status

Poor Non Poor \ Medl-Cal
High School
Sample percent
Estimate percent

355
69.9
49.2

Dental Insurance
Private
Military

Other

None

153
•

30.1
918

9.6

40.9

0.6

5.3

43.6

1.4

7.0

45.4

Sample percent

78
84.8

14
15.2

Estimate percent

80.9

19.1

30.7

15.4

All High Schools
Sample percent
Estimate percent

433

167

223

238

11

39

336

72.2
50.1

27.8
49.9

26.3
10.3

28.1
40.1

1.3
0.6

4.6
5.3

39.7
43.7

Continuation High

Poor <20CAb of Poverty

The sample percentage and (population) estimate percentage ditfer due to weighting of the sample participants

to represent the larger population from which they were selected.
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DEMOGRAPHICS

HIGH SCHOOLS REPORT

ETHNICITY OF WHOLE POPULATION ESTIMATE

Latino
36%
,
---. .0
„:i;:r...-.4.":.:.•;-.
,_............ - ;5;7:• .

White
44%

Black
8% Asian other
11% 1%

Ethnic Distribution of
High Schools Population Estimate
SAMPLE AND POPULATION ESTIMATE
100
90
80
70
60
50
40
30
20
10
0

96.8
82

• Sample

El population
'-Estimate

High
Schools

Continuation

Distribution of High Schools and Continuation High School Sample
and Population Estimate
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STUDY DESIGN

Ethnicity of Children in CaIfornia

3-4 Year-Olds in
California

Head Start in California
Latino
53%

Black
18%
Asian Other
9% 1%

White
19%

DILL ASUUSta:

3-4-Year-Olds in California (1990 Census Data. Latinos are of Hispanic Origin of any race. Asians, Blacks, Whites and
Others are non-Hispanic)
Head Start in California (Pascual Communication: Fay Grief, Head Start Program. (JSPHS Region DC. 1993 data)

Ptiblic Schools:
Grades K-12

Survey Sample: All Ages
Latino
38%

Black
15%

White
24%

White

44%
Black
9%

Asian
15%
Asian coo.
11% 1%

Other
8%

Ethnic distribution of total surrey sampiC

tha.5aumts:
Public Schools: Grades K-12: California Department of Education. 1991-92 data.
Public School Enrollment in Survey Counties: California Department of Education. 1991-92 data.
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THE DENTAL HEALTH FOUNDATION
Children's Dental Health Initiative
2277 FAIR OAKS BLVD., ;401
SACRAMENTO. CA 95825
Tel: (916) 920-1174
Fax: (916) 920-9249
E-mail: cdhi@pacbell.net

November 19, 1997

Maureen Jones
1205 Sierra Avenue
San Jose, CA 95126
Dear Ms. Jones:
Dr. Jared Fine, Chairman of The Dental Health Foundation, has asked me to reply to your recent
letter regarding citations from a draft report of the California Oral Health Needs Assessment of
Children, 1993•94.
The three references you noted all come from the 1990 publication, Healthy People 2000:
National Health Promotion and Disease Prevention Objectives (DHHS Publication No. (PHS)
91-50213). The specific citations you requested occur on page 108 of that document. The
original source of these data is: National Institute of Dental Research. Oral Health of United
States Children. The National Survey of Dental Caries in U.S. School Children, .l.986-.87.
DREIS Pub. No. (i\111-1) 89-2247. Bethesda, MD: U.S. Department. of Heatlh and Human
Services, 1989.
In response to your inquiry regarding whether the draft California dental survey has been
finalized, the complete report is still in draft and in the process of being edited. The article in the
San Jose Mercury News you cited, referring to a report entitled, The Oral Health of California's
Children: A Neglected Epidemic, is a summary of the full report that has been published by The
Dental Health Foundation. A copy of that report is enclosed per your request.
Sincerely,

PetiAtia
Robert Isman. DDS, MPH
Project Director
CC:

Dr. Jared Fine
Mr. Wallace Chipman
-2"0-mote.:9
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Healthy People 2000

Oral Health
Although the prevalence of dental caries or cavities among children has declined steadily
since the 1940s, oral diseases remain a prevalent health problem in the United States. On
average, among adults 40 through 44, about 1 out of 4 tooth surfaces have been affected
66 Currently 53 percent of children aged 6 to 8 and 78 percent of 15 year olds
by decay.
have caries.° Tooth loss is a major problem among people aged 65 and older, with nearly 40 percent of those aged 65 and older having no natural teeth in 1986. 53 Periodontal
diseases, especially gingivitis, also affect many adults. The total cost of dental care to the
Nation was more than $27 billion in 1988.28
Regular care is a factor in maintaining oral health. However, nearly half the population
in the United States does not obtain regular oral health care, and among low-income
people the proportion not receiving care is higher. 53 The proportions of black and Hispanic adolescents with untreated decay are approximately 65 percent higher than for the
total population. 51•6 ' One out of every four American Indian and Alaska Native adults
aged 35 through 44, and nearly three out of four aged 55 and older, has fewer than 20
natural teeth.

6)1
"Cl,

Among preventive measures, community water fluoridation is the single most effective
and efficient means of preventing dental caries in children and adults, regardless of race
or income level. Yet more than one-third of people with community water systems do
not have adequate fluoride, and only about half of those without fluoridated water receive
fluoride from other sources.") Improvements are needed. Other factors that can improve
oral health include regular self-care, avoiding foods that promote caries, and not using
tobacco. Excessive alcohol consumption also affects oral health.
Oral cancer is also a serious problem, with 30,000 new cases and 8,600 deaths a year.88
In fact, oral cancer deaths are more numerous than deaths from cervical cancer. Because
75 percent of oral cancers can be attributed to tobacco and alcohol use, they are preventable. Moreover, because early treatment can reduce mortality, attention is needed for its
early detection.

To improve oral health, by the year 2000...
13.1 Reduce the prevalence of dental caries to no more than 35% of children by
age 8
(a 34% decrease)
13.4 Reduce edentulism to no more than 20 percent in people aged 65 and older
(a 44% decrease)
Other objectives target expanding treatment of dental caries; reducing periodontal
disease and tooth loss; increasing use of protective sealants on permanent teeth in
children; improving parental practices that prevent baby bottle tooth decay; and
improving use of oral health screening and follow-up services for all age groups.
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Healthy People 2000

13. Oral Health
Health Status Objectives
13.1 Reduce dental caries (cavities) so that the proportion of children with one or more caries (in permanent or primary
teeth) is no more than 35 percent among children aged 6 through 8 and no more than 60 percent among adolescents
aged 15. (Baseline: 53 percent of children aged 6 through 8 in 1986-87; 78 percent of adolescents aged 15 in
1986-87)
Special Population Targets
1986-87 Baseline 2000 Target
Dental Caries Prevalence
70%
13.1a Children aged 6-8 whose parents have less than high school education
45%
92%$
45%
13.1b American Indian/Alaska Native children aged 6-8
52%$
40%
61%
13.1c Black children aged 6-8
93%1
70%
13.1d American Indian/Alaska Native adolescents aged 15
1ln primary teeth in 1983-84 :In permanent teeth in 1983-84
13.2 Reduce untreated dental caries so that the proportion of children with untreated caries (in permanent or primary teeth)
is no more than 20 percent among children aged 6 through 8 and no more than 15 percent among adolescents aged
15. (Baseline: 27 percent of children aged 6 through 8 in 1986; 23 percent of adolescents aged 15 in 1986-87)
Special Population Targets
1986-87 Baseline 2000 Target
Untreated Dental Caries:
Among Children13.2a Children aged 6-8 whose parents have less than high school education
43%
30%
I3.2b American Indian/Alaska Native children aged 6-8
35%
64%$
I3.2c Black children aged 6-8
38%
25%
13.2d Hispanic children aged 6-8
36%$
25%
Among AdolescentsAdolescents aged 15 whose parents have less than a high school education 41%
25%
40%
American Indian/Alaska Native adolescents aged 15
84%$
Black adolescents aged 15
38%
20%
Hispanic adolescents aged 15
31-47%$
25%
t 1983-84 baseline 1982-84 baseline
13.3 Increase to at least 45 percent the proportion of people aged 35 through 44 who have never lost a permanent tooth due
to dental caries or periodontal diseases. (Baseline: 31 percent of employed adults had never lost a permanent tooth
for any reason in 1985-86)
Note: Never lost a permanent tooth is having 28 natural teeth exclusive of third molars.
13.4 Reduce to no more than 20 percent the proportion of people aged 65 and older who have lost all of their natural teeth.
(Baseline: 36 percent in 1986)
Special Population Target
Complete Tooth Loss Prevalence
1986 Baseline 2000 Target
13.4a Low-income people (annual family income 415,000)
46%
25%
13.5 Reduce the prevalence of gingivitis among people aged 35 through 44 to no more than 30 percent. (Baseline: 42
percent in 1985-86)
Special Population Targets
Gingivitis Prevalence
1985 Baseline
2000 Target
13.5a Low-income people (annual family income <$12,500)
50%
35%
13.5b American Indians/Alaska Natives
95%$
50%
13.5c Hispanics
50%
Mexican Americans
74%$
Cubans
79%*
Puerto Ricans
82%*
t 1983-84 baseline *1982.84 baseline
13.6 Reduce destructive periodontal diseases to a prevalence of no more than 15 percent among people aged 35 through 44.
(Baseline: 24 percent in 1985-86)
Note: Destructive periodontal disease is one or more sites with 4 millimeters or greater loss of tooth attachment.
13.7 Reduce deaths due to cancer of the oral cavity and pharynx to no more than 10.5 per 100,000 men aged 45 through 74
and 4.1 per 100,000 women aged 45 through 74. (Baseline: 12.1 per 100,000 men and 4.1 per 100,000 women in
1987)
13.2a
I3.2b
13.2c
I3.2d
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Jan. 21, 1998
Dr. Thomas Drury
National Institute of Dental Research
45 Center Drive, MSC 6401, 45/3AN-44D
Bethesda, Maryland 20892-6401
(301) 594-5379
(301) 594-5392
Dear Dr. Drury,
Thankyou for your fax on 12/9/97 and your phone call to me
Dec. 15, 1997 in response to my fax to you on Dec. 5, 1997.
Because I have not received information on the 'special
tabulations' which you said you would try to locate in respect
to the statistical bridge between the NIDR '86-87 Dental Survey
and Healthy People 2000, I am concerned that you may have midplaced my original request. I wish to restate my request just
as it appeared in my Dec. 5 fax to you:
Dear Dr. Drury,
On the enclosed pages 68, 82, and 626 of the Healthy
People 2000 full report (or pages 68, 82, and 108 of
the summary report) I have underlined three statements
referenced to 467, Le. the NIDR '86-87 Dental Survey.
Would you kindly fax or mail to me the page numbers of
the NIDR Survey and the process as to how the following
four percentage figures were calculated:
1. 53 percent of children aged 6 co 8 have dental
caries. (p. 68)
2. 27 percent of children aged 6 to 8 have untreated
dental caries in permanent or primary teeth in
1986.
(p, 626)
3, 23 percent of adolescents aged 15 have untreated
caries in 1986-87. (p. 626)
4. Untreated decay for Blacks and Hispanics adolescents
is about 65 percent higher than for the total population. (p. 68)
Thankyou so much for your help.
Maureen Jones
1205 Sierra Ave.
San Jose, CA 95126
Enclosures: pp. 68, 32, & 626
from Healthy People 2000
full report (not the summary)

408 297-2678 Fax
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This report is divided into sections to provide the reader with a summary of findings and
recommendations, followed by additional details.

Executive Summary
provides a brief summary of the findings and recommendations based on the needs of
California children for preventive and treatment oral health services.

Findings and Recommendations
summarizes the need for fluoridation and describes the conditions of tooth decay
occurring in children in preschools, grades K-3 in elementary schools, and grade 10 in
high schools, together with periodontal disease conditions found in the high school
group. Recommendations are made for each category of preventive and treatment
need, with groups of children most in need identified, together with ways in which the
private, public, and philanthropic sectors could be involved.

Study Design
describes the design and implementation of the California oral health needs
assessment.

Findings and the Healthy People 2000 Objectims
highlights the extent to which the oral health of California's children compares with
national health objectives set for the year 2000.

Priorities
lists those groups of children most in need of preventive and treatment dental services.

Preschool Report
contains information on the demographics, oral health status, risk reduction factors,
and access to dental care items related to the preschool population_

Elementary School Report
contains information on the demographics, oral health status, risk reduction factors,
and access to dental care items related to the elementary school population (grades K3).

High School Report
contains information on the demographics, oral health status, and risk reduction
factors related to the high school population (grades 10).

Appendices
lists the preschools, elementary schools, and high schools visited for the survey, and
excerpts from the training manual on dental examinations.
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The Dental Health Foundation is pleased to submit this report of the California Oral Health
Needs Assessment of Children 1993-94 to the Department of Health Services, Maternal and
Child Health Branch. Many people who contributed to this report are recognized in the list of
members of the Professional Advisory Committee and in the acknowledgments, but many
others played important roles, particularly in the epidemiological survey.
The additional funds contributed by The California Wellness Foundation enabled the
epidemiological survey to be carried out as designed, with follow-up to those children
identified as being in urgent need of dental care.
It is fitting that this report be made available to the public in the Year of Oral Health, as
proclaimed by the American Association for World Health which serves as the U.S. Committee
for the World Health Organization / Pan American Health Organization.
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Included in this report are recommendations regarding the potential role of private, public, and
philanthropic associations, agencies, and foundations, including the California Department of
Health Services and other departments of state government It is intended that this report be the
catalyst for future efforts to improve the oral health of California's children.
This report reflects analysis of only a portion of the data generated by the epidemiological%
A..e...r.64*Cal. 14a-\ 4.^Z,v=.177111VIEVI,'"
survey
and
the
questionnaire
surveys.
These
data
offer
a
rich
source for further analysis. It is
....7..i..Z....MC
IPIMMI...:4n1•1110bAl.......,,,,,,,,,,
anticipated that additional reports based on these data will be published in various scientific and
academic journals. The California Department of Health Services, The California Wellness
Foundation, and The Dental Health Foundation disclaim responsibility for any analyses,
interpretations, or conclusions derived by other entities from the information contained in this
document or the related data files, and any consequences resulting from its use or misuse.
ir,...- . ./.
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Executive Summary

THE NEED FOR FLUORIDATION

Community water fluoridation is the single most effective and efficient means of
:
preventing dental caries in children and adults, regardless of race or income level (Healthy
People 2000 1).
The California 1993-94 survey found that children in fluoridated urban areas had less teeth .
decay than those in non-fluoridated urban and rural areas. Children in Head Start preschools
in nun-fluoridated areas had, on average, 15% more tooth decay than in fluoridated areasif'.;':::;:t1
children. in Head Start preschools in nxral areas had, on average, 56% more tooth decay than
those students in fluoridated areas. Children in non Head Start preschools in non-fluoridated. .
areas had,,on average, 18% more tooth decay than in fluoridated areas; children in non-Head
Start preschools in rural areas had, on average, 206% more tooth decay than those students-in't0g&
•
fluoridated areas.

Preschool Children: Dental Caries
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All ethnic groups Of children- in grades K-3, and students in grade 10 (Asians, Blacks:
Latinos, and Whites) had a lower prevalence of tooth decay and untreated tooth decay in
fluoridated areas compared to non fluoridated urban and rural areas. Children in grades K-3
in non-fluoridated areas had, on average, 43% more tooth decay than in fluoridated areas;
children in grades K-3 in rural areas bad, on average, 36% more tooth decay than those
students in fluoridated areas.

'Yx

Grade 10 students in non-fluoridated areas had, on average, 54% more tooth decay than in

fluoridated areas; grade 10 students in rural areas had, on average, 36% more tooth decay than ,731
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those students in fluoridated areas. (It should be noted that one of the rural high schools is in
Coalinga, where the water is fluoridated.)
Water Fluoridation
The U.S. Centers for Disease Control and Prevention (CDC) reports on those water districts
which have fluoridated their water supplies, those which obtain their water from these water
companies, and those where the naturally occurring fluoride concentration is optimal,
together with the population served. According to the Fluoridation Census for 1992 2, 15.7% of
all Californians have access to optimally fluoridated water, compared to 62% of the U.S.
population. The Healthy People 2000 Objectives report calls for an increase tertfreast 75% the
proportion of people served by community water systems providing optimal levels of fluoride 1.
Planning for water fluoridation where it does not presently exist will require a concerted
community•wide effort, which when implemented will make the need for prescription fluoride
supplements unnecessary. The California Fluoridation Task Force established by the
California Department of Health Services, the California Dental Association, The Dental
Health Foundation, and the California Public Health Association (North and South) has
embarked on an ef63rt to meet this objective. The California Wellness Foundation has
recently provided funding to The Dental Health Foundation to implement a ',inject in
California to support community-based efforts to fluoridate their water supplies.
Perceptions of health care providers and community leaders about fluoridation
As part of the California 1993-94 Oral Health Needs Assessment, questionnaire surveys
were mailed to dentists, physicians, and a variety of community leaders, including school
nurses, local health officers, school teachers, and elected officials. These surveys assessed
perceptions of the oral health needs of children, and the potential for change in improving oral
health through government and community action.
There were 336 questionnaires- returned from physicians (89% in clinical medical
practice), and 735 questionnaires returned from dentists (95% in clinical dental practice).
1 Among dentists, dental disease was considered the most prevalent of health issues affecting
children, with moderate to high availability of resources for prevention and treatment. Among
physicians, dental disease was considered to be highly prevalent among children, with low to
moderate availability of resources for prevention and treatment. A majority of both physicians
and dentists recommend the California Department of Health Services support with financing
the expansion of community water fluoridation.
There were 598 questionnaires returned from community leaders (58% of these from school
nurses). Dental disease was considered the most prevalent of health issues affecting children,
with the least available resources for prevention and treatment. A majority of respondents
recommend the California Department of Health Services support with financing or with
legislation the expansion of community water fluoridation.
Fluorosis
There is no public health concern or significance in the prevalence of fluorosis as a result
of fluoridation in California. In rural areas, there is a low prevalence of fluorosis which is
consistent with the high tooth decay prevalence found in preschool children, indicating that
there is generally insufficient fluoride use in very young children in rural areas of
California. The prevalence of fluorosis in the 1993-94 California survey for grade 10 students
who were lifetime residents was found to be 11.5%; for all 10th graders the prevalence was
14.5%. There was less fluorosis in the fluoridated urban areas, and in the rural areas
compared to the non-fluoridated areas. In the fluoridated urban areas, the prevalence for all
DRAFT: 10118/94: HP: EXEC
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10th graders was 9.0%; 16.1% in non-fluoridated areas, and 7.9% in rural areas. In the days
before fluoride toothpaste and fluoride supplements, these findings would be somewhat
consistent with what would have been found in the 1930s in communities where the naturally
occurring concentration of fluoride in the water supply was optimal.
The prevalence of fluorosis in California appears to be less than that found in other parts of
the U.S., which may in part be due to the low proportion of people served by fluoridated water
and by low use of prescription fluoride supplements. The low fluorosis prevalence in the
fluoridated urban areas of California, may also indicate a lower than optimal concentration of
fluoride being used in the fluoridation process. Thus it is important to monitor the fluoride
concentration of water delivered to customers where water is being fluoridated.

Fluoride supplements
As a result of these concerns with increasing prevalence of fluorosis in the U.S., and the
continuing need for fluoride during childhood and adolescence, a new dosage schedule for
prescription fluoride supplements has been recommended by the Council on Dental
Therapeutics, American Dental Association. (ADA News. May 16, 1994)
1994 Supplemental fluoride dosage schedule (Council on Dental Therapeutics, ADA)
Concentration of fluoride ion in drinkine water
Less than 0.3 ppm
0.3 to 0.6 ppm
Age
Greater than 0.6 ppm
0.25 mg
0
0
6 months to 3 years
0.5 mg
0.25 mg
0
3 - 6 years
1.0 mg
0.5 mg
0
6- 16 years
Note : 1 .0 mg fluoride is equivalent to 2-2 mg Sodium Fluoride

This new schedule will not alter the situation in fluoridated areas, where no fluoride
supplements have been recommended. (However it has been the practice of some pediatricians
to prescribe fluoride drops for infants who are , exclusively breast-fed, even in fluoridated
areas. This practice should end with this new schedule.) In the non-fluoridated areas, this new
schedule will reduce the risk of fluorosis that may have developed as a result of the previous
dosage schedule, by reducing the dose for very young children, and for those living in an area
where the water supply borders on the optimal concentration (previously considered to be
greater than 0.7 ppm). It also extends in adolescence the upper age for the continuation of
fluoride supplements for the prevention of tooth decay, recognizing that fluoride acts topically
on the surface of teeth already present in the mouth to prevent decay.
It should be stressed however that prescription fluoride supplements are not used by the vast
majority for whom they are recommended, and that some are over-prescribed or used in excess
by a minority. Thus recommendations for the use of prescription fluoride supplements should
be secondary to the recommendation to fluoridate the drinking water.

All drinking water supplies not already fluoridated should be targeted for fluoridation.
References
1.

2.

Healthy People 2000: National Health Promotion and Disease Prevention Objectives Full Report with Commentary. Washington DC: US. Department of Health and Human
Services. Public Health Service, 1991:349-64; DHHS publication no. (PHS)91-50212
Fluoridation Census 1992. CDC. USPHS
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BABY Bornx TOOTH DECAY

Selected Findings
• 14% of all preschool children had BBTD (one or more teeth affected)
• 45% of all Asian children in Head Start preschools in fluoridate urban areas had BBTD
• 33% of Head Start children and 13% of non-Head Start preschool children had BBTD

Selected Recommendations
Public Sector
• Assess the prevalence of BBTD and infant feeding practices every 5 years
• Increase the number and size of pediatric dentistry training programs
Private Sector
• Train health professionals- and community outreach workers about BBTD and how to
counsel parents and caregivers about healthy feeding practices.
Philanthropic Sector
• Evaluation of community-based BBTD prevention programs
TOOTH DECAY IN PRESCHOOL CHILDREN

Selected Findings
•
•
•

31% of all preschool children had some treated and untreated tooth decay
79% of Asian children in non-fluoridated urban areas in Head Start preschools had
untreated or treated tooth decay with an average of 4.5 teeth affected
Only 10% of White children in non-Head Start preschools in fluoridated urban areas bad
untreated or treated tooth decay, with an average of 0.3 teeth affected

Selected Recommendations
Public Sector
• Assess the prevalence of infant tooth decay and preventive practices every 5 years
• Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
Private Sector
• Support local community water fluoridation efforts (e.g., through development of printed
patient education materials, sample editorials and letters to newspapers, 'bill stuffers',
and spokesperson training)
Philanthropic Sector
• Evaluation of community-based infant tooth decay prevention programs
UNTREATED TOOTH DECAY IN PRESCHOOL CHILDREN

Selected Findings
• 27% of all preschool children have some untreated tooth decay, with an average of 0.8 teeth
affected
• 56% of Latino children in rural non-Head Start preschools had untreated tooth decay, with
an average of 2.3 teeth affected
• Only 20% of preschool children completed needed dental care (30% of Head Start children,
and 18% of non-Head Start children)
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Selected Recommendations
Public Sector

•

Extend Head Start requirements for dental visits and treatment as a licensure
requirement for all child care centers
• Explore methods to expand dental insurance benefits for all children (e.g., required as
part of school enrollment)
Private Sector

•

Train health professionals and community outreach workers about the need for early and
periodic screening, diagnosis and treatment of tooth decay

Philanthropic Sector

•

Evaluation of community-based infant tooth decay treatment programs

TOOTH DECAY IN CHILDREN IN GRADES K-3
Selected Findings

•

69% of all children in grades K-3 (mean age 6.9 years) have had some tooth decay, with an
average of 3.7 teeth affected
• 88% of Asian children in non-fluoridated urban areas had some tooth decay, with an
average of 5.9 teeth affected
• Only 10% of 8-year-old children have received protective sealants on the occlusal
(chewing) surface of at least one of the four permanent first molar teeth
• 54% of 8-year-old children from non-poor families in fluoridated areas have a sealant,
compared to only 1% of Latino 8-year-olds from all income groups in rural areas
Selected Recommendations
Public Sector

•
•

Require a dental visit for every child at entry level to elementary school
Require assessment for sealants by grade 2; completion of needed sealants by beginning of
grade 3

Private Sector

•

Support the widespread use of dental sealants, by reducing barriers and encouraging
members to participate in the development of school-based/linked dental programs

Philanthropic Sector
• Evaluation of community-based efforts to fluoridate the water supplies
UNTREATED TOOTH DECAY IN CHILDREN IN GRADES K-3

•
•

•

53% of all children in grades K-3 (mean age 6.9 years) have some untreated tooth decay,
with an average of 2.0 teeth affected
Asian children in non-fluoridated urban areas had the highest percentage (71%) of
untreated tooth decay of any group, while Latino children in non-fluoridated urban areas
had the highest mean number of untreated decayed teeth, with an average of 3.0 teeth
affected
21% of parents/guardians of children in grades K-3 indicated that their child had never

1

visited a dentist (grade K: 30%; grade 1: 23%; grade 2: 17%; grade 3:11%)
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Selected Recommendations
Public Sector
•

Require a certificate of completed dental treatment for every child at entry level to
elementary school

•

Increase funding for dental treatment of tooth decay for children from low income
families in Healthy Start programs in elementary schools

Private Sector

• Train health professionals and community outreach workers about the need for early and
periodic screening, diagnosis and treatment of tooth decay
Philanthropic Sector
1

• Evaluation of community-based tooth decay treatment programs for children in grades K3
TOOTH DECAY IN HIGH SCHOOL (and Junior Hi& or Middle School) STUDENTS
Selected Findings

• 78% of all regular high school students in grade 10 (mean age 15.9 years) have had some
tooth decay, with an average of 4.0 teeth affected
• 90% of Latino students in non-fluoridated urban areas had untreated or treated tooth decay,
with an average of 5.8 teeth affected. Black students in fluoridated urban areas had the
lowest proportion (58%) of untreated or treated tooth decay, while White students in
fluoridated urban areas had the lowest mean number of teeth affected (2.3)
• 13% of 15-year-old students have received protective sealants on the occlusal (chewing)
1 surfaces of at least one permanent molar tooth. Only 9% of 15-year-olds have received
protective sealants on at least one permanent first molar tooth; 6% of 15-year-olds have
received protective sealants on at least one permanent second molar tooth.
• 38% of White students in fluoridated urban areas had a sealant, while in this survey, no
Asian students in fluoridated urban areas had a sealant.
Selected Recommendations
Public Sector

• Assess the prevalence of tooth decay and preventive practices in 14-15-year-olds (grades 910) every 5 years
•

Provide a data collection and monitoring system for fluoride concentration of water
supplies at the smallest possible level (e.g., average fluoride concentration of water

supplied to customers in a zip code over the past 5 years, with monthly fluctuations)
• Require assessment for sealants by grade 7; completion of needed sealants by beginning of
grade 9

Private Sector
•

Support the Healthy People 2000 Objective to increase to 50% the proportion of adolescents
with sealants

Philanthropic Sector
•

Evaluate the effectiveness of programs to promote dental sealants targeted at high-risk
groups
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UNTREATED TOOTH DECAY IN HIGH SCHOOL STUDENTS
Selected Findingp
•

54% of all high school students in grade 10 have some untreated tooth decay, with an
average of 1.9 teeth affected.

•

77% of Latino students in non-fluoridated urban areas had untreated tooth decay, with an
average of 3.4 teeth affected.

•

White students in rural areas were the group with the lowest proportion (26%) of untreated
tooth decay, while Black and White students in fluoridated urban areas had the lowest
mean number of. untreated decayed teeth, with an average of 0.7 teeth affected.

Selected Recommendations
Public Sector
•

Require a certificate of completed dental treatment for every child at entry level to junior
high or middle school, and high school

Private Sector
•

Train health professionals and community outreach workers about the need for early and
periodic screening, diagnosis and treatment of tooth decay throughout childhood and
adolescence

Philanthropic Sector
•

Evaluate the effectiveness of programs targeted at high-risk groups in grades 7-10 to seek
dental visits and complete needed treatment

PERIODONTAL DISEASE IN HIGH SCHOOL STUDENTS
Selected Findings
•

61% of all high school students in grade 10 have some periodontal treatment needs; 40%
have evidence of periodontal pocketing of 4-5 mm; 6.0% have evidence of destructive
periodontal disease (periodontal pocketing greater than 6 mm).

•

16% of African-American students in non-fluoridated urban areas had destructive
periodontal disease

Selected Recommendations

Public Sector
•

Assess the prevalence of periodontal disease and preventive practices in 15-year-olds
(grades 9-10) every 5 years

•

Require a periodontal assessment for every 10th grader in high school

Private Sector
•

Promote the need to professionally assess the periodontal needs of adolescents using a
periodontal probe

•

Support school-based dental disease prevention programs

Philanthropic Sector
•

Evaluate the effectiveness of programs to promote periodontal needs assessments targeted
at high-risk groups
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California Oral Health Needs Assessment 1993-94

RECOMMENDATIONS

THE NEED FOR FLUORIDATION

Community water fluoridation is the single most effective and efficient means of
preventing dental caries in children and adults, regardless of race or income level (Healthy
People 2000 1)• Where the water supply is deficient in fluoride, prescription fluoride
supplements (drops or lozenges) are recommended for daily use between the ages of 6 months to
16 years.
The California 1993-94 Oral Health Needs Assessment Epidemiologic Survey Findings
The California 1993-94 survey found that, of all preschool children living in nonfluoridated urban or , rural communities, 71% were currently not taking prescription fluoride
supplements; of all children in grades K-3 living in non-fluoridated urban or rural
communities, 88% were currently not taking prescription fluoride supplements.
The California 1993-94 survey found that children in fluoridated urban areas had less tooth
decay than those in non-fluoridated urban and rural areas. With the exception of Black
children, all other ethnic groups of preschool children (Asians, Latinos, and Whites) had a
lower prevalence of tooth decay in fluoridated areas compared to non-fluoridated urban and
rural areas, when controlling for Head Start status. All ethnic groups of preschool children
(Asians, Blacks, Latinos, and Whites) had a lower prevalence of untreated tooth decay in
fluoridated areas compared to non-fluoridated urban and rural areas, when controlling for
Head Start status. Children in Head Start preschools in non-fluoridated areas had, on
average, 15% more tooth decay than in fluoridated areas; children in Head Start preschools in
rural areas had, on average, 56% more tooth decay than those students in fluoridated areas.
Children in non-Head Start preschools in non-fluoridated areas had, on average, 18% more
tooth decay than in fluoridated areas; children in non-Head Start preschools in rural areas
had, on average, 206% more tooth decay than those students in fluoridated areas.
Preschool Children: Dental Caries
I• Fluoridated Urban

0
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All ethnic groups of children in grades K-3, and students in grade 10 (Asians, Blacks,
Latinos, and Whites) had a lower prevalence of tooth decay and untreated tooth decay in
fluoridated areas compared to non-fluoridated urban and rural are as. Children in grades K-3
in non-fluoridated areas had, on average, 43% more tooth decay than in fluoridated areas;
children in grades K-3 in rural area.s had, on average, 36% more tooth decay than those
students in fluoridated areas. Grade 10 students in non-fluoridated areas had, on average,
54% more tooth decay than in fluoridated areas; grade 10 students in rural areas had, on
average, 36% more tooth decay than those students in fluoridated areas. (It should be noted that
one of the rural high schools is in Coalinga, where the water is fluoridated.)
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Evaluate the effectiveness of educational programs targeted at high-risk groups to
prevent BBTD
• Policy Development
1. Require training on BBTD as a licensure requirement for child care centers
2. Require inclusion of BBTD prevention and treatment as a component of health
insurance plans
3. Include knowledge about BBTD as part of licensure for health professionals
4. Require nursing bottles to carry a warning message on the bottle (not as an insert)
6. Increase capacity to treat BBTD
a. increase the number and size of pediatric dentistry training programs
b. increase the number of continuing education courses on BBTD for all health
professionals
c. increase funding for dental treatment of BBTD in preschools
6. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
a. Provide for a state dental director position with expertise in dental public health
responsible for the prevention and assessment of dental disease and dental care
needs
b. Provide for county or regional dental director positions with expertise in dental
public health throughout California
*Assurance
1. Monitor provision of dental treatment for BBTD as part of existing policy (e.g., CHDP
program)
2. Monitor the extent to which these policies are implemented
2.

Pldlcatthropic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects, such
as The California Wellness Foundation
Foundations involved with implementation of primary prevention of dental disease
projects, such as The Dental Health Foundation
• Special Projects
1. Evaluation of community-based BBTD prevention programs
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recommend the California Department of Health Services support with financing or with
legislation the expansion of community water fluoridation.
Fluorosis
Dental fluorosis is a hypomineralization of dental enamel caused by the consumption of
excessive amounts of fluoride during the years of tooth calcification 3, causing the enamel to
appear opaque or white 4. More than 50 years ago, Dean classified the condition into six
categories ranging from normal to severe (normal, questionable, very mild, mild, moderate,
and severe) 5. Prevalence of fluorosis is calculated by determining the percentage of
individuals with scores of 'very mild' and higher 6, the score of 'questionable' is then included
in the 'normal' category 3.
The California Oral Health Needs Assessment survey found no cases of severe fluorosis
among 10th grade students who were lifetime residents. (Fluorosis was not assessed in the
elementary schools or preschools since the permanent teeth of younger children would not have
been sufficiently visible to make the assessment.) For lifetime residents only, 77.8% had no
fluorosis, 10.8% had questionable fluorosis, 8.0% had very mild, 3.2% had mild, and 03% had
moderate fluorosis. In the days before fluoride toothpaste and fluoride supplements, these
findings would be somewhat consistent with what would have been found in the 1930s in
communities where the naturally occurring concentration of fluoride in the water supply was
optimal *At optimal fluoride concentration of the water supply, there were about 10% of
residents with 'very mild' dental fluorosis, about 1-2% with 'mild' dental fluorosis, but none
with 'moderate' or 'severe' fluorosif (HT Dean. Chronic endemic dental fluomsis (mottled
enamel). J Am Med Assoc 1936; 107;1269-72).
Fluorosis of permanent teeth does not develop after a child is about 6 years of age, since the
crowns of the teeth have completed their development by that age. Further ingestion of fluoride
has no effect on whether the teeth will show fluorosis 7. Thus evidence in 1993-94 of fluorosis in
10th graders in regular high schools (mean age 15.9 years) reflects fluoride ingestion some 1016 years before (1978-1984).
Fluorosis or lack of it may have been acquired for non-lifetime residents in another
location within or outside California. Only 42% of the 10th grade students in the survey were
lifetime residents with another 15% having lived all their life, except for up to 2 years, in the
same city or town; 43% indicated they had lived for more than 2 years in another location.
Furthermore, 41% were foreign born and 11% were born in another state. Fluorosis data are
seen in the following table, presented for lifetime residents, as well as for all 10th graders
examined.
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DIStribution (%) of Fluorusis Scores 10th grade students
Normal
Fluorosis

t1sina14)
Lifetime residents

Quistionahisi_OUI

Very Mild (11

MAtal

Moderate (3)

Severe (4)

77.8

10.8

8.0

3.2

0.3

0.0

Fluoridated urban

46.3

44.6

7.5

1.4

0.1

0.0

Non-fluoridated urban

81.0

3.0

6.9

5.6

3.1

0.5

Rural

86.4

5.7

6.0

1.4

0.5

0.0

All regions

75.2

10.2

6.9

4.7

2.5

0.4

All 10th graders

The prevalence of fluorosis in the 1993-94 California survey for grade 10 students who were
lifetime residents was found to be 11.5%; for all 10th graders the prevalence was 14.5%. There
was less fluorosis in the fluoridated urban areas, and in the rural areas compared to the nonfluoridated areas. In the fluoridated urban areas, the prevalence for all 10th graders was 9.0%;
16.1% in non-fluoridated areas, and 7.9% in rural areas. The higher prevalence in nonfluoridated areas may be due to inclusion of non-lifetime residents. However, it is interesting
to note that even including non-lifetime residents, the prevalence of fluorosis in fluoridated
areas is less than what would have been expected.
A low percentage of students in non-fluoridated urban (3.0%) and rural (5.7%) areas were
considered to have 'questionable' fluorosis, whereas a high percentage in fluoridated urban
areas (44.6%) had 'questionable' fluorosis. This produces a higher Community Fluorosis
Index (CFI) for the fluoridated areas due to the inclusion and weighting of those children found
to have 'questionable' fluorosis. The CFI for all high school students in grade 10 was 0.30 (0.33
in fluoridated urban areas, 0.30 in non-fluoridated urban areas, and 0.13 in rural areas). As
stated above, when measuring prevalence of fluorosis, 'questionable' is considered normal.
In terms of public health significance, a community is given a negative mottled-enamel
index when less than 10 percent of the children show very mild or more severe types of mottled
enamel 8. Since dental fluorosis has different appearances, the 'public health significance'
hinges on the acceptability of the condition. The 'very mild' and 'mild' forms are generally
not considered to be unacceptable 9. Dean stated that a CFI below 0.4 is of little or no public
health concern; that the range from 0.4 to 0.6 is borderline; and that for indexes above 0.6
removal of excessive fluoride from the water is recommended 5.

77rus it cm be concluded that there is no public health concern or significance in the
pevalence of fiziorosis as a result of fluoridation in Califiornia. In rural areas, the low
prevalence of fluorosis is consistent uith the high tooth decay prevalence found in preschool
children, indicating that there is generally insufficient fluoride use in very young children
in rural was of California.
In the U.S. it has been reported that the total prevalence of dental fluorosis has increased in
non-fluoridated areas and may have increased in optimally fluoridated areas 1°. The 1986-87
U.S. school-based survey found that the total prevalence of fluorosis using Dean's index was
reported as 22.3% (17% very mild, 4% mild, 1% moderate, and 0.3% severe) u . In their review,
Szpunar and Burt find a slight suggested trend toward more fluorosis today than would be
expected. However they conclude that the increase in fluoresis is not as clear-cut nor as widely
accepted as the recent decline in the prevalence of dental caries 3.
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The prevalence of fluoro..s in California appears to be less than that Mold in other parts of
the U.S., which may in perrt be due to the low poportion of people served by fluoridated uxrter
and by low use of presaiption fluoride supplements. The low fluorosis prevalence in the
fluoridated urban areas of California, may also indicate a lower than optimal ccmcentrution of
fluoride being used in the fluoridation process. Thus it is importcmt to monitor the fluoride
concentration of tarter delivered to customers where water is being fluoridated
Additional sources of fluoride when consumed by young children pose a risk for fluorosis
as well as a benefit in reduction of tooth decay. Dietary fluoride supplements, toothpaste with
fluoride, dietary sources of fluoride, professionally and self-applied topical fluoride products
will add to the total fluoride intake and have been shown to increase the prevalence of
fluorosis. The recommendations for dietary fluoride supplements were changed in 1979 by the
American Academy of Pediatrics to reduce the potential for fluorosis. However many children
have been prescribed supplements inappropriately in optimally fluoridated communities 12 • In
1978 manufacturers of infant formula voluntarily lowered the fluoride concentration of
formula to reduce this risk of fluorosis. Manufacturers of toothpaste are now being encouraged
to reduce the risk of fluorosis from the swallowing of fluoride toothpaste 10.
Fluoride supplements
As a result of these concerns with increasing prevalence of fluorosis in the U.S., and the
continuing need for fluoride during childhood and adolescence, a new dosage schedule for
prescription fluoride supplements has been recommended by the Council on Dental
Therapeutics, American Dental Association. (ADA News. May 16, 1994)
1994 Supplemental fluoride dosage schedule (Council on Dental Therapeutics, ADA)
Concentration of fluoride ion in drinking water
Age
Less than 0.3 ppm
0.3 to 0.6 ppm
Greater than 0.6 ppm
6 months to 3 years
0.25 mg
0
0
3 - 6 years
0.5 mg
0.25 mg
0
6-16 years
1.0 mg
0
0.5 mg
Note : 1 .0 mg fluoride is equivalent to 2.2 mg Sodium Fluoride

This new schedule will not alter the situation in fluoridated areas, where no fluoride
supplements have been recommended. (However it has been the practice of some pediatricians
to prescribe fluoride drops for infants who are exclusively breast-fed, even in fluoridated
areas. This practice should end with this new schedule.) In the non-fluoridated areas, this new
schedule will reduce the risk of fluorosis that may have developed as a result of the previous
dosage schedule, by reducing the dose for very young children, and for those living in an area
where the water supply borders on the optimal concentration (previously considered to be
greater than 0.7 ppm). It also extends in adolescence the upper age for the continuation of
fluoride supplements for the prevention of tooth decay, recogni7ing that fluoride acts topically
on the surface of teeth already present in the mouth to prevent decay.
It should be stressed however that prescription fluoride supplements are not used by the vast
majority for whom they are recommended, and that some are over-prescribed or used in excess
by a minority. Thus recommendations for the use of prescription fluoride supplements should
be secondary to the recommendation to fluoridate the drinking water.

All chinking water supplies not already fluoridated should be targeted for fluoridation.
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BABY BOTTLE TOOTH DECAY (BBTD)
Baby bottle tooth decay is a severe form of dental caries in toddlers that can lead to
destruction of primary teeth It is caused by frequent or prolonged use of nursing bottles that
contain milk, sugared water, fruit juice, or other sugary beverages during the day or night.
Continual use of a sweetened pacifier and/or breastfeeding at will throughout the night can
also cause baby bottle tooth decay (Healthy People 2000). A particularly disturbing recent
development that could lead to an increase in BBTD is the sale of nursing bottles with product
logos of juices or 'soft drinks'. Early intervention of BBTD can prevent the need for complex
and expensive treatment which may include fillings, endodontic (root canal) treatments,
crowns or extractions, and often requires behavioral management and anesthetic techniques
provided by pediatric dental specialists which can be relatively expensive.
The California 1993-94 survey found that the prevalence of BBTD, where one or more of the
upper primary incisor (front) teeth are involved, was as high as 45% for Asian children in
Head Start preschools in fluoridated urban regions. In contrast, only 0.4% of White children,
in fluoridated urban areas, in non-Head Start preschools had BBTD. Of all preschool
children, 13.9% have had some BBTD, and there was a greater percentage of Head Start
children with BBTD (33.0%) compared to non-Head Start children (12.9%).
The Healthy People 2000 Objective calls for 75% of all parents, and 65% of parents with less
than a high school education, to use feeding practices that prevent BBTD. However, the
California survey found that 68% of parents/guardians, and 49% of parents/guardians with
less than high school education, use feeding practices that prevent BBTD.
Potential Recommendations

;

Preventing baby bottle tooth decay will require efforts by many segments of the
community, including dental professionals and those who interact with parents and
caregivers (e.g., nurses, physicians, preschool teachers). These efforts will include an
ongoing education program directed at parents and caregivers to prevent BBTD by appropriate
breastfeeding practices and appropriate use of nursing bottles and pacifiers.
• Key Elements: Strategies to reduce BBTD
1. Counsel high school students, parents and caregivers about prevention and detection of
BBTD
2. Training of health professionals and community outreach workers about BBTD and
how to counsel parents and caregivers about healthy feeding practices
3. Develop mass media community awareness campaigns on BBTD
4. Counsel parents and caregivers about the need for dental visits
5. Generate public opinion against manufacturers of nursing bottles with product logos of
juices or 'soft drinks'
• Targeting Based on the findings of the California 1993-94 epidemiologic survey, prevention
and treatment efforts would accrue the greatest benefits if directed to the following groups and
regions:

1.
2.
3.
4.
5.

Low income families
High school students
Women in pre-natal programs
Asian, Latino, and Black groups
Non-fluoridated urban, fluoridated urban, and rural regions
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Privcrte Sector Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Nursing Professionals:
Physicians and Pediatricians:
American Academy of Pediatrics
Preschool Teachers:
Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
• Education campaign:
A significant means by which the private sector organizations could affect the prevention
and treatment of BBTD is through a variety of educational campaigns. For example, they
could inform their members and train other health professionals and community outreach
workers about BBTD and how to counsel parents and caregivers about healthy feeding
practices.
Public Sector: Agencies which have significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations
Health Care Division
Department of Education
.
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Office of Drinking Water
Women, Infants and Children (WIC)
Department of Social Services
Head Start
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
•Assessment
1. Assess the prevalence of BBTD and infant feeding practices every 5 years
DRAFT: HP: 10118104: RECOMMENDATIONS
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2. Evaluate the effectiveness of educational programs targeted at high-risk groups to
prevent BBTD
• Policy Development
1. Require training on BBTD as a licensure requirement for child care centers
2. Require inclusion of BBTD prevention and treatment as a component of health
insurance plans
3. Include knowledge about BBTD as part of licensure for health professionals
4. Require nursing bottles to carry a warning message on the bottle (not as an insert)
5. Increase capacity to treat BBTD
a. increase the number and size of pediatric dentistry training programs
b. increase the number of continuing education courses on BBTD for all health
professionals
c. increase funding for dental treatment of BBTD in preschools
6. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
a. Provide for a state dental director position with expertise in dental public health
responsible for the prevention and assessment of dental disease and dental care
needs
b. Provide for county or regional dental director positions with expertise in dental
public health throughout California
*Assurance
1. Monitor provision of dental treatment for BBTD as part of existing policy (e.g., CHDP
program)
2. Monitor the extent to which these policies are implemented
Philanthropic Sector: Foundations with significant potential to affect these strategies include:

Foundations involved with funding primary prevention of human disease projects, such
as The California Wellness FOundation
Foundations involved with implementation of primary prevention of dental disease
projects, such as The Dental Health Foundation
• Special Projects
1. Evaluation of community-based BBTD prevention programs
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TOOTH DECAY IN PRESCHOOL CHILDREN
Tooth decay (dental caries) is perhaps the most prevalent human disease known. Except in
its earliest stages, it is irreversible and cumulative, with advanced conditions causing pain
and suffering, expense for treatment, and disfigurement, with lifelong consequences. The
primary teeth are needed for chewing of foods, and for establishing speech and the space for the
permanent teeth. Early intervention of the decay process in primary teeth can prevent the need
for complex and expensive treatment which may include fillings, endodontic (root cRTIRI)
treatments, crowns or extractions and the need for space maintenance.
Prevention of tooth decay depends on several factors. Community water fluoridation is the
single most effective and efficient means of preventing dental caries in children and adults,
regardless of race or income level (Healthy People 2000). Where the water supply is deficient
in fluoride, prescription fluoride supplements (drops or lozenges) are recommended for daily
use. Regular supervised use of fluoride toothpaste provides additional benefit in the prevention
of tooth decay.
However, 84 per cent of Californians live in communities where there is no water
fluoridation. The California 1993-94 survey found that, of all preschool children living in
non-fluoridated urban or rural communities, 71% were currently not taking prescription
fluoride supplements. Additionally, 18% of children living in non-fluoridated urban
communities and 17% of children living in rural communities were currently not using
fluoride toothpaste. These children are particularly at risk for tooth decay.
Provision of adequate fluoride may not be sufficient to prevent all tooth decay, especially in
primary teeth. In cases of baby bottle tooth decay (BBTD), the overwhelming causative factor is
the frequent or prolonged use of nursing bottles that contain milk, sugared water, fruit juice, or
other sugary beverages during the day or night. Continual use of a sweetened pacifier and/or
breastfeeding at will throughout the night can also cause BBTD (Healthy People 2000). _ Other
categories of tooth decay are caused by the frequent use of sugary products and lack of adequate
oral hygiene. Pit and fissure caries is best prevented by the professional application of
sealants .
Except where there may be school-based sealant and dental disease prevention programs,
going to a dentist is a prerequisite for having sealants applied to the teeth, and an opportunity
for counseling for appropriate feeding fluoride use and oral hygiene methods to prevent tooth
decay. The California 1993-94 survey found that 44% of parents/guardians of preschool
children indicated that their child had never visited a dentist, posing an additional risk for
tooth decay.
The California 1993-94 survey found that 31% of all preschool children had some treated
and untreated tooth decay (1+ decayed, extracted, or filled primary teeth: deft). There is a wide
range in the percentage of children with treated and untreated tooth decay for groups identified
by ethnicity, region, and the type of preschool they attend. Asian children in non-fluoridated
urban areas in Head Start preschools had the highest percentage (79%) of untreated or treated
tooth decay with an average of 4.5 teeth affected, while only 10% of White children in non-Head
Start preschools in fluoridated urban areas had any evidence of untreated or treated tooth
decay, with an average of 0.3 teeth affected. With the exception of Black children, all other
ethnic groups of preschool children (Asians, Latinos, and Whites) had a lower prevalence of
tooth decay in fluoridated areas compared to non-fluoridated urban and rural areas, when
controlling for Head Start status.
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Potential Recommendations

An objective should be established to reduce to 15% the percentage of all preschool children
who have treated and untreated tooth decay. There is no objective set for preschool children in
Healthy People 2000, mainly because of a previous lack of representative data on preschool
c hildre n.
Similarly, an objective should be established to increase to 90% the percentage of all
preschool children who have visited a dentist.
Preventing tooth decay in primary teeth (in addition to the prevention of BBTD) will
require efforts by many segments of the community, including dental professionals and those
who interact with parents and caregivers (e.g., nurses, physicians, preschool teachers). These
efforts will include an ongoing education program directed at parents and caregivers to
prevent tooth decay by appropriate breastfeeding and appropriate use of nursing bottles and
pacifiers, and by appropriate restriction of sugary products, foods and drinks. Additional
recommendations are to make visits to the dentist at the earliest opportunity for counseling on
feeding and supervised fluoride toothpaste use, appropriate prescriptions of fluoride
supplements, and professional application of sealants where indicated. Planning for water
fluoridation where it does not presently exist will require a concerted community-wide effort,
which when implemented will make the need for prescription fluoride supplements
unite cess ary.
•Key Elements: Strategies to reduce infant tooth decay
1. Counsel high school students, parents and caregivers about prevention and detection of
infant tooth decay
2. Community awareness campaigns for water fluoridation in non-fluoridated urban
and rural areas.
3. Promote prescription fluoride supplements in non-fluoridated urban and rural areas,
until water fluoridation can be achieved.
4. Promote daily supervised (parent dispensed) fluoride toothpaste use when teeth first
appear
5. Promote the restriction of sugar products at home
6. Counsel high school students, parents and caregivers about the need for dental visits
for very young children

7. Community awareness campaigns for early and periodic screening, diagnosis and
treatment by dentists
• Targeting Based on the findings of the California 1993-94 epidemiologic survey, prevention
efforts would accrue the greatest benefits if directed to the following groups and regions:
1. Low income families
2. High school students
3. Women in pre-natal programs
4. Asian, Latino, and Black groups
5. Non-fluoridated urban, fluoridated urban, and rural regions
PthactSestor Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
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California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Nursing Professionals:
Physicians and Pediatricians.
American Academy of Pediatrics
Preschool Teachers:
Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
• Education campaign:
In addition to informing their members and training other health professionals and
community outreach workers about the prevention of infant tooth decay, dental and medical
organizations must educate those who prescribe fluoride supplements in non-fluoridated
communities on the revised dosage schedule, taking into consideration the age of the child,
and local fluoride levels of the water at home and in school settings.
Pub& Sector Agencies which have significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations
Health Care Division
Department of Education
Head Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Office of Drinking Water
Women, Infants and Children (WIC)
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
•Assessment
1. Assess the prevalence of infant tooth decay and preventive practices every 5 years
2. Evaluate the effectiveness of educational programs targeted at high-risk groups to
prevent infant tooth decay
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• Policy Development
1. Require training on infant tooth decay as a licensure requirement for child care
centers
2. Require health promotion for the prevention of infant tooth decay as a component of
health insurance plans
3. Increase capacity to counsel parents on the prevention of infant tooth decay
a. increase the number and size of pediatric dentistry training programs
b. increase the number of training hours in pediatric dentistry in predoctoral
dentistry programs
c. increase the number of continuing education courses on infant tooth decay for all
health professionals
4. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
a. Provide for a state dental director position responsible for the prevention and
assessment of dental disease and dental care needs with expertise in dental public
health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
*Assurance
1. Monitor provision of preventive services for infant tooth decay as part of existing policy
(e.g., CHDP program)
2. Monitor the extent to which these policies are implemented
Philanthropic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluation of community-based infant tooth decay prevention programs
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UNTREATED TOOTH DECAY IN PRESCHOOL CHILDREN
Early treatment of tooth decay is essential to prevent further tooth destruction and pain. In
the early stages of tooth decay there are usually no symptoms and children and their parents
are unaware of the need for fillings, which may take several appointments. Additionally,
more extensive tooth decay may require endodontic (root canal) treatment and/or crowns to
preserve the teeth, or extractions and space maintainers where indicated. The provision of
restorative dental treatment for very young children often requires behavioral management
and anesthetic techniques provided by pediatric dental specialists which can be relatively
expensive.
The California 1993-94 survey found that 27% ocalli.preschool children have some
untreated tooth decay (1+ decayed primary teeth: dt), with an average of 0.8 teeth affected.
There is a wide range of the percentage of children affected by untreated tooth decay for groups
identified by ethnicity, region, and the type of preschool they attend. Latino children in rural
non-Head Start preschools had the highest percentage (56%) of untreated tooth decay of any
group examined, with an average of 2.3 teeth affected, while White children in non-Head Start
preschools in fluoridated urban areas had the lowest percentage (5%) with an average of 0.1
teeth affected. All ethnic groups of preschool children (Asians, Blacks, Latinos, and Whites)
had a lower prevalence of untreated tooth decay in fluoridated areas compared to nonfluoridated urban and rural areas, when controlling for Head Start status.
The survey found that of the preschoolers, with evidence of treated or untreated tooth decay,
who had visited a dentist, only 20% completed dental care and had no untreated tooth decay
(30% of Head Start children, and 18% of non-Head Start children). There was a wide range in
the percentage of preschoolers completing needed dental care, from a high of 83% of White
children in fluoridated urban areas attending non-Head Start preschools, to a low of 3% of
Latino children in non-fluoridated urban areas, attending non-Head Start preschools. It
should be noted that even though a child may have visited a dentist, not all treatment may have
been completed because several appointments are usually needed for all cavities to be filled.
The survey found that 56% of parents/guardians of preschool children indicated that their
child had visited a dentist. Some untreated tooth decay may also have developed during the
time between a child's last dental visit and the time of the survey. Nevertheless, these findings
point to the ongoing need for dental treatment for many children.
In general, a policy of mandatory dental visits for Head Start preschool children appears to
be a benefit, since 30% of Head Start children, and 18% of Non-Head Start children completed
needed dental care. This policy should be extended to all licensed preschools.
This difference is all the more surprising since there is little difference between the groups
in terms of dental insurance coverage; 78% of Head Start children and 74% of non-Head Start
children have dental insurance. Being in a Head Start preschool does not automatically
provide dental insurance benefits; only 65% of Head Start children have Denti-Cal benefits,
with a further 13% having other dental insurance coverage. Lack of universal dental
insurance for children prevents many children from seeking and completing needed dental
care .
Children who have had their last dental visit within the past 12 months are twice as likely
to have completed needed dental care as those whose last dental visit was more than 12 months
ago. This should be considered the maximum time between dental visits.
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Potential Recommendations
An objective should be established to reduce to 10% the percentage of all preschool children
who have untreated tooth decay. There is no objective set for preschool children in Healthy
People 2000, mainly because of a previous lack of representative data on preschool children.
However, ther is an objective to increase to 90% the percentage of all preschool children who
have visited a dentist.
An objective should be established to increase to 75% the percentage of all preschool
children who have completed needed dental care.
Providing treatment for tooth decay in primary teeth (in addition to the treatment of BBTD)
will require efforts by many segments of the community, including dental professionals and
those who interact with parents and caregivers (e.g., nurses, physicians, preschool teachers).
These efforts will include an ongoing education campaign to encourage parents/guardians to
schedule visits to the dentist at the earliest opportunity for their children, and to complete
recommended treatment, which may require time off work and child care for siblings.
• Key Elements: Strategies to reduce untreated tooth decay in preschool children
1. Counsel high school students, parents and caregivers about the need for dental visits
for very young children and early and complete treatment of tooth decay
2. Community awareness campaigns for early and periodic screening, diagnosis and
treatment by dentists
• Targeting: Based on the findings of the California 1993-94 epidemiologW survey, treatment
efforts would accrue the greatest benefits if directed to the following groups and regions
1. Low income families
2. High school students
3. Women in pre-natal programs
4. Asian, Latino, and Black groups
5. Non-fluoridated urban, fluoridated urban, and rural regions
Private Sector Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Nursing Professionals:
Physicians and Pediatricians:
American Academy of Pediatrics
Preschool Teachers:
Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
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• Education campaign:
These organizations can play an important role in reducing untreated tooth decay by
informing their members and training other health professionals and community outreach
workers about the need for early and periodic screening, diagnosis and treatment, including
the requirements of the CHDP program, including the revised periodicity schedule and need
for cross-referral with physicians.
Pubiic Sector: Agencies which have significant potential to affect these strategies include:
Board of Dental Examiners
California Conference,of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations
Health Care Division
Department of Education
Head Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Office of Drinking Water
Women, Infants and Children (WIC)
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
• Assessment
1. Assess the prevalence of untreated tooth decay in preschoolers every 5 years
2. Evaluate the effectiveness of programs targeted at high-risk groups to seek dental
visits at an early age and complete needed treatment
• Policy Development
1. Extend Head Start requirements for dental visits and treatment as a licensure
requirement for all child care centers
2. Reduce financial obstacles for the dental treatment for young children enrolled in
dental insurance plans
3. Explore methods to expand dental insurance benefits for all children (e.g., required as
part of school enrollment)
4. Increase capacity to treat infant tooth decay
a. increase the number and size of pediatric dentistry training programs
b. increase the number of training hours in pediatric dentistry in predoctoral
dentistry programs
c. increase the number of continuing education courses on infant tooth decay for all
health professionals
d. increase fimaing for dental treatment of infant tooth decay in preschools
16
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5. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
a. Provide for a state dental director position responsible for the prevention and
assessment of dental disease and dental care needs with expertise in dental public
health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
•Assurance
1. Monitor provision of dental treatment for infant tooth decay as part of existing policy
(e.g., CHDP program)
2. Monitor the extent to which these policies are implemented
Philanthropic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluation of community-based infant tooth decay treatment programs
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TOOTH DECAY IN CHILDREN IN GRADES K-3
Children in grades K-3 present conditions additional to those of infants and toddlers. The
primary incisors are replaced by the permanent incisors between ages 6-8 years, the primary
canines and molars remain, and the first permanent molars erupt behind the primary molars
at about age 6 years Early prevention of the decay process in permanent and primary teeth can
prevent the need for complex and expensive treatment which may include fillings, endodontic
(root canal) treatment, crowns or extraction and the need for space maintenance.
This table shows the percentage of 6-8-year-old children with one or more decayed or filled
primary or permanent teeth from the California 1993-94 survey compared with the most recent
national data and the Healthy People 2000 Objectives.
("Oral Health in United States Children, Nil?; "North Carolina Oral Health School Survey)
Decayed and filled feel (1+ d t / OMF7)
All 6-8-year-old children
Children aged 6-8 years whose parents
have less than a high school education

California 1993-94

U.S. (1986-871

2000 Objective

73%

53%'

35%

70%—
61%*

45%
40%

86%
Black 6-8-year-old children
70%
Latino / Hispanic 6-8-year-old children
84%
Asian 6-8-year-old children
90%
- Not specified In Healthy People 2000 Objectives

Further analysis of the dental caries data of the 6-8 year-old group of children by region
and educational attainment of parents/guardians shows that those in the fluoridated regions
have less dental caries experience and less untreated decay. The data show a lower caries
prevalence for those children whose parents/guardians have had more years of formal
education.
Asian and Latino children must also be included with other target groups for reducing the
percentage of children with treated and untreated tooth decay. An appropriate objective of no
more than 40% of Asian and Latino children with treated and untreated decay is
recommended (the same as for Black children as set in Healthy People 2000).
The California 1993-94 survey found that 69% of all children in grades Ic-3 (mean age 6.9
years) have had some tooth decay (1+ decayed, extracted, or filled primary or permanent teeth:
dft + DMFT), with an average of 3.7 teeth affected. There is a wide range in the percentage of
children affected by untreated tooth decay for groups identified by ethnicity and region. Asian
children in non-fluoridated urban areas had the highest percentage (88%) with untreated and
treated tooth decay of any group, with an average of 5.9 teeth affected. White children in
fluoridated urban areas were the group with the lowest percentage (44%) with an average of 1.7
teeth affected. All ethnic groups of children (Asians, Blacks, Latinos, and Whites) had a lower
prevalence of tooth decay in fluoridated areas compared to non-fluoridated urban and rural
areas. Children in grades K-3 in the fluoridated regions have less dental decay (mean 2.7
dft+DMFT in fluoridated regions compared to 3.7 for all regions combined); and for all
regions combined, White and Black children have a lower prevalence of dental caries than
Asian and Latino children (Whites: mean 2.6 dft+DMFT; Blacks: mean 3.0; Latinos: mean
4.7; Asians: mean 5.7).
Prevention of tooth decay depends on several factors. Community water fluoridation is the
single most effective and efficient means of preventing dental caries in children and adults,
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regardless of race or income level (Healthy People 2000). Where the water supply is deficient
in fluoride, prescription fluoride supplements (lozenges) are recommended for daily use.
Regular supervised use of fluoride toothpaste provides additional benefit in the prevention of
tooth decay.
However, 84 per cent of Californians live in communities where there is no water
fluoridation. The California 1993-94 survey found that, of all children in grades K-3 living in
non-fluoridated urban or rural communities, 88% were currently not toking prescription
fluoride supplements. Additionally, 13% of children living in non-fluoridated urban
communities and 16% of children living in rural communities were currently not using
fluoride toothpaste. These children are particularly at risk for tooth decay.
fluoride mouthrinse is recommended for children older than 6 years of age and provides
additional benefit in the prevention of tooth decay. The California 1993-94 survey found that
fluoride mouthrinse is being used at school by 14% of grades K-3 children living in nonfluoridated urban communities and 9% living in rural communities. Fluoride mouthrinse is
being used at home by 14% of grades K-3 children living in non-fluoridated urban and rural
communities.
Sealants

The emergence of the first permanent molars presents the need for sealants to prevent tooth
decay in the pits and fissures, particularly on the chewing surfaces, of these teeth. Sealants
should be placed just after eruption of these teeth when children are 6-8-years-old. When
applied properly, sealants are exceptionally safe, highly effective, and long lasting.
Approximately 90 per cent of the decay in children's permanent teeth occurs in pits and
fissures, and almost two-thirds on the chewing surfaces alone (Healthy People 2000). The
Healthy People 2000 Objective calls for at least 50 per cent of children to receive protective
sealants on the chewing surfaces of permanent molar teeth. In 1986-87 a national survey found
that 11 per cent of children aged 8 years had sealants.
The California 1993-94 survey found that 10.4% of 8-year-old children have received
protective sealants on the occlusal (chewing) surface of at least one of the four permanent first
molar teeth. Of the groups examined, there is a wide range of sealant prevalence in 8-yearolds from a high of 54.5% (non-poor children in fluoridated areas) to a low of 0.6% (Latino
children from all income groups in rural areas).
As with tooth decay in infants and toddlers, prevention also depends on the restriction of
sugary products and adequate oral hygiene. Except where there may be school-based sealant
and dental disease prevention programs, going to a dentist is a prerequisite for having
sealants applied to the teeth, and for the necessary counseling for appropriate diet, fluoride use
and oral hygiene methods to prevent tooth decay. The California 1993-94 survey found that 30%
of parents/guardians of grade K children, and 23% of parents/ guardians of grade 1 children
indicated that their child had never visited a dentist, posing an additional risk for tooth decay.
Potential Recommendations

Preventing tooth decay in this age group will require efforts by many segments of the
community, including dental professionals and those who interact with parents and
caregivers (e.g., nurses, physicians, school teachers). These efforts will include an ongoing
education program directed at parents and caregivers to prevent tooth decay by appropriate
restriction of sugary products, foods and drinks. Additional recommendations are to visit the
dentist at the earliest opportunity for counseling on diet and supervised fluoride toothpaste and
fluoride mouthrinse use, appropriate prescriptions of fluoride supplements, and professional
19
DRAFT: HP: 10118194: RED04.9.4ENDATIONS

California Oral Health Needs Assessment 1993-94

RECOMMENDATIONS

application of sealants where indicated. Expanding school-based dental disease prevention
programs to include sealant placement and appropriate referral for treatment can provide an
alternative entry point for families who may not be accessing dental care. Planning for water
fluoridation where it does not presently exist will require a concerted community-wide effort,
which when implemented will make the need for prescription fluoride supplements
unnecessary.
• Key Elements: Strategies to reduce tooth decay in elementary school children:
1. Community awareness campaigns for water fluoridation in non-fluoridated urban
and rural areas.
2. Promote prescription fluoride supplements in non-fluoridated urban and rural areas,
until water fluoridation can be achieved.
3. Counsel parents and caregivers about prevention of tooth decay, the need for dental
visits and sealants
4. Encourage the promotion of school-based/linked preventive dental programs which
emphasize preventive services and which link to public or private sector sources of
ongoing dental care.
5. Promote daily supervised fluoride toothpaste and fluoride mouthrinse use at school or
home
6. Promote the restriction of sugar products at home
• Targeting. Based on the findings of the California 1993-94 epidemiologic survey, prevention
efforts zwuld accrue the greatest benefits if directed to the following groups and regions
1. Low income families
2. Parents and children in grades K-1 (entry into elementary school)
3. Asian, Latino, and Black groups
4. Non-fluoridated urban, rural, and fluoridated urban regions
Private Sector: Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Nursing Professionals:
Physicians and Pediatricians.
American Academy of Pediatrics
Kindergarten school teachers:
Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
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', Education campaign:
These organizations can play an important role in preventing tooth decay by encouraging
their members to join with other health professionals and community outreach workers to:
1. support local community water fluoridation efforts (e.g., through development of
printed patient education materials, sample editorials and letters to newspapers, 'bill
stuffers', and spokesperson training)
2. support the widespread use of dental sealants, by reducing barriers and encouraging
members to participate in the development of school-based/linked dental programs
Dental and medical organizations must educate those who prescribe fluoride supplements
in non-fluoridated communities on the revised dosage schedule, taking into consideration the
age of the child, and local fluoride levels of the water at home and in school settings.
Public Sector: Agencies which have significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors . of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations
Health Care Division
Department of Education
Healthy Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Office of Drinking Water
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
•Assessment
1. Assess the prevalence of tooth decay and preventive practices in 6-8-year-olds every 5
ye ars
• Policy Development
1. Require a dental visit for every child at entry level to elementary school
2. Require assessment for sealants by grade 2; completion of needed sealants by
beginning of grade 3
3. Require sealant benefits with no financial barrier as a component of health insurance
plans
4. Explore methods to expand dental insurance benefits for all children (e.g., required as
part of school enrollment)
5. Explore the financing of dental sealants in schools through the MCH Block Grant for
low income children not covered by Denti-Cal.
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6. Expand services provided within existing school-based dental disease prevention
programs to include the application of sealants
7. Work with the CHDP programs to assure linkage to ongoing dental care in
conjunction with school-based/Linked services.
8. Promote continuing education programs on sealants and water fluoridation
9. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
a. Provide for a state dental director position responsible for the prevention and
assessment of dental disease with expertise in dental public health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
10. Provide a data collection and monitoring system for fluoride concentration of water
supplies at the smallest possible level (e.g., average fluoride concentration of water
supplied to customers in a zip code over the past 5 years, with monthly fluctuations)
*Assurance
1. Monitor the extent to which these policies are implemented
Philanthropic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluation of community-based efforts to fluoridate the water supplies
2. Evaluate the effectiveness of programs to promote dental sealants targeted at high-risk
groups
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UNTREATED TOOTH DECAY IN CHILDREN IN GRADES R-3
Early treatment of tooth decay is essential to prevent further tooth destruction and pain. In
the early stages of tooth decay there are usually no symptoms and children and their parents
are unaware of the need for fillings, which may take several appointments. Additionally,
more extensive tooth decay requires endodontic (root canal) treatment and/or crowns to
preserve the teeth, or extractions and space maintainers where indicated. Restorative dental
treatment for young children often can be provided by general dentists, but many children
require behavioral management and anesthetic techniques, as well as specialized treatment
provided by pediatric' dental specialists, and treatment can be relatively expensive.
This table shows the percentage of 6-8-year-old children with one or more decayed primary
or permanent teeth from the California 1993-94 survey compared with the most recent national
data and the Healthy People 2000 Objectives.

("Oral Health in United States Children, NH!; '"'` North Carolina Oral Health School
Survey; "'" Hispanic Health and Nutrition Examination Survey (Hispanic HANES), CDC)
California 1993-94

U.S. (1986-871

2000 Objective

All 6-8-year-old children

55%

27%* ,tp

20%

Children aged 6-8 years whose parents
have less than a high school education

69%

.43%•

30%

Black 6-8-year-old children

60%

38%*

25%

Latino / Hispanic 6-8-year-old children

66%

36%***

25%

Asian 6-8-year-old children

71%

Decayed teeth (1+ dt/ DT)

1082-84 date

• Not specified in Healthy People 2000 Objectives

The California 1993-94 survey found that 53% of all children in grades K-3 (mean age 6.9
years) have some untreated tooth decay (1+ decayed primary teeth: dt), with an average of 2.0
teeth affected. There is a wide range of the percentage of children affected by untreated tooth
decay for groups identified by ethnicity and region. Asian children in non-fluoridated urban
areas had the highest percentage (71%) of untreated tooth decay of any group, while Latino
children in non- fluoridated urban are as had the highest mean number of untreated decayed
teeth, with an average of 3.0 teeth affected. White children in fluoridated urban areas were the
group with the lowest percentage (21%) with an average of 0.4 teeth affected. All ethnic groups of
children (Asians, Blacks, Latinos, and Whites) had a lower prevalence of tooth decay in
fluoridated areas compared to non-fluoridated urban and rural areas.
The California 1993-94 survey found that 21% of parents/guardians of children in grades
K-3 indicated that their child had never visited a dentist (grade K: 30%; grade 1: 23%; grade 2:
17%; grade 3:11%).

Potential Recommendations
Providing treatment for tooth decay for children in grades K-3 will require efforts by
many segments of the community, including dental professionals and those who interact with
parents and caregivers (e.g., nurses, physicians, elementary school teachers). These efforts
will include an ongoing education campaign to encourage parents/guardians to make visits to
the dentist at the earliest opportunity for their children, and to complete recommended
treatment, which may require time off work and child care for siblings.
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• Key Elements: Strategies to reduce untreated tooth decay in elementary school children:

1. Counsel parents/guardians about the need for dental visits for young children and
early and complete treatment of tooth decay
2. Community awareness campaigns for early and periodic screening, diagnosis and
treatment by dentists.
• Targeting Based on the findings of the California 1993-94 epidemiologic survey, treatment
efforts would accrue the greatest benefits if directed to the following groups and regions
1. Low income families
2. Parents and children in grades K-1 (entry into elementary school)
3. Asian, Latino, and Black groups
4. Non-fluoridated urban, fluoridated urban, and rural regions
ftheatf_&ctsg: Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Nursing Professionals:
Physicians and Pediatricians.
American Academy of Pediatrics
Kindergarten school teachers:
Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
• Education campaign:
These organizations can play an important role in reducing untreated tooth decay by
informing their members and training other health professionals and community outreach
workers about the need for early and periodic screening, diagnosis and treatment, including
the requirements of the Child Health and Disability Prevention (CHDP) program, including
the revised periodicity schedule and need for cross-referral with physicians.
Public Sector: Agencies which he significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations: Health Care Division
Department of Education
Healthy Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
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Maternal and Child Health
Office of Drinking Water
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
•Assessment
1. Assess the prevalence of untreated tooth decay in 6-8-year-olds every 5 years
2. Assess access to comprehensive dental treatment for 6-8-year-olds every 5 years
3. Evaluate the effectiveness of programs targeted at high-risk groups in grades K-1 to
seek dental visits and complete needed treatment
• Policy Development
1. Require a certificate of completed dental treatment for every child at entry level to
elementary school
2. Reduce financial obstacles for the dental treatment for children aged 5-8 yean3
enrolled in dental insurance plans
3. Explore methods to expand dental insurance benefits for all children (e.g., required as
part of school enrollment)
4. Increase capacity to treat tooth decay in elementary school children
a. increase the number and size of pediatric dentistry training programs
b. increase the number of training hours in pediatric dentistry in predoctoral
dentistry programs
c. increase the number of continuing education courses on tooth decay for all health
professionals
d. increase funding for dental treatment of tooth decay for children from low income
families in Healthy Start programs in elementary schools
5. Strengthen the dental public health infrastructure to support community-based policy
development and programs for dental care
a. Provide for a state dental director position responsible for the prevention and
assessment of dental care needs with expertise in dental public health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
• Assurance
1. Monitor the extent to which these policies are implemented
Phikurthropic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluation of community-based tooth decay treatment programs for children in grades
K-3
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TOOTH DECAY IN HIGH SCHOOL (and Junior High or Middle School) SMDENTS
High school students present conditions beyond those of younger children. The primary
teeth have been replaced by permanent teeth, and the second permanent molars erupt behind the
first permanent molars at about age 12 years. Early prevention of the decay process in
permanent teeth can prevent the need for complex and expensive treatment which may include
fillings, endodontic (root canal) treatment, crowns, or extraction and prosthetic bridgework or
partial dentures.
This table shows the percentage of 15-year-old students with one or more decayed or filled
permanent teeth from the California 1993-94 survey compared with the most recent national
data and the Healthy People 2000 Objectives. (*Oral Health in United States Children, NIH)
California 1993-94

U.S. 0986-871

2000 Objective

All 15-year-old adolescents

71%

78%*

60%

Adolescents aged 15 years whose parents
have less than a high school education

89%

Black 15-year-old adolescents

86%

Latino / Hispanic 15-year-old adolescents

81%

Asian 15-year-old adolescents

82%

Decayed and filled teeth (1+ DMFT)

- Not specified in Healthy People 2000 Objectives

The California 1993-94 survey found that 78% of all regular high school students in grade
10 (mean age 15.9 years) have had some tooth decay (1+ decayed, missing, or filled permanent
teeth: DMFT), with an average of 4.0 teeth affected. There is a wide range in the percentage of
regular high school students in grade 10 affected by treated and untreated tooth decay, for
groups identified by ethnicity and region. Latino students in non-fluoridated urban areas had
the highest proportion (90%) of untreated or treated tooth decay (1+ DMFT), with an average of
5.8 teeth affected. Black students in fluoridated urban areas had the lowest proportion (58%) of
untreated or treated tooth decay (1+ DMFT), while White students in fluoridated urban areas
had the lowest mean number of teeth affected (2.3). Students in the fluoridated regions had less
dental decay (mean 2.7 DMFT in fluoridated regions compared to 4.0 for all regions
combined), and White and Black children had a lower prevalence of dental caries than Asian
and Latino children (Whites: mean 2.8 DMFT; Blacks: 3.3; Latinos: 5.2; Asians: 5.4).
Students whose parents/guardians have had more years of formal education had less tooth
decay. Of 15-year-olds with a parent with less than a high school education, 89% had untreated
or treated tooth decay (1+ DMFT); 82% of 15-year-olds, with a parent who graduated from high
school, had untreated or treated tooth decay (1+ DMFT). and 58% of 15-year-olds, with a parent
who had some college education or who was a college graduate, had untreated or treated tooth
decay (1+ DMFT).
Prevention of tooth decay depends on several factors. Community water fluoridation is the
single most effective and efficient means of preventing dental caries in children and adults,
regardless of race or income level (Healthy People 2000). Where the water supply is deficient
in fluoride, prescription fluoride supplements are recommended for daily use until age 16.
Regular use of fluoride toothpaste provides additional benefit in the prevention of tooth decay.
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However, 84 per cent of Californians live in communities where there is no water
fluoridation. The California 1993-94 survey found that, of all students in grade 10 living in
non-fluoridated urban areas, 82% had not taken prescription fluoride supplements; and 79% i n
rural communities had not taken prescription fluoride supplements. Additionally, 5% of
students living in non-fluoridated urban communities and 10% of students living in rural
communities were currently not using fluoride toothpaste. These students are particularly at
risk for tooth decay.
Fluoride mouthrinse provides additional benefit in the prevention of tooth decay. The
California 1993-94 survey found that fluoride mouthrinse had been used at school by 7% of
grade 10 students living in non-fluoridated urban communities and 34% living in rural
communities. Fluoride mouthrinse is being used at home by 28% of grade 10 students living in
non-fluoridated urban and rural communities.

Sealants
The emergence of the second permanent molars presents the need for sealants to prevent
tooth decay in the pits and fissures, particularly on the chewing surfaces, of these teeth.
Sealants should be placed just after eruption of these teeth when children are 12-14-years-old.
When applied properly, sealants are exceptionally safe, highly effective, and long lasting.
Approximately 90 per cent of the decay in the permanent teeth occurs in pits and fissures, and
almost two-thirds on the chewing surfaces alone (Healthy People 2000). The Healthy People
2000 Objective calls for at least 50 per cent of adolescents to receive protective sealants on the
chewing surfaces of permanent molar teeth. In 1986-87 a national survey found that 8 per cent
of adolescents aged 14 years had sealants (Oral Health of United States Children, NIS).
The California 1993-94 survey found that 12.6% of 15-year-old students have received
protective sealants on the occlusal (chewing) surfaces of at least one permanent molar tooth.
Only 9.2% of 15-year-olds have received protective sealants on at least one permanent first
molar tooth; 5.7% of 15-year-olds have received protective sealants on at least one permanent
second molar tooth. Of the groups examined, there is a wide range of sealant prevalence in 15year-olds from a high of 37.8% (White students in fluoridated urban areas) to a low of 0.0%
(Asian students from all income groups in fluoridated urban areas).
Sealants must be applied in a dental office or through a school-based program and students
should receive necessary counseling for appropriate diet, fluoride use and oral hygiene
methods to prevent tooth decay.

Potential Recommendations
Strategies need to be developed to achieve the Healthy People 2000 Objective of reducing
dental caries so that the percentage of adolescents aged 15 with one or more carious lesions is
no more than 60%. Asian, Black and Latino students, and adolescents aged 15 years whose
parents have less than a high school education, must be considered target groups for reducing
the percentage of students with treated and untreated tooth decay.
Access to water fluoridation and other primary preventive dental services must be
improved for target groups most in need.
Preventing tooth decay in this age group will require efforts by many segments of the
community, including dental professionals and those who interact with parents and students
(e.g., nurses, physicians, school teachers). These efforts will include an ongoing education
program directed at parents and students to prevent tooth decay by appropriate restriction of
sugary products, foods and drinks. Additional recommendations are to make visits to the
dentist on a regular basis for counseling on diet, fluoride toothpaste and fluoride mouthrinse
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use, appropriate prescriptions of fluoride supplements, and professional application of sealants
where indicated. Planning for water fluoridation where it does not presently exist will require
a concerted community-wide effort, which when implemented will make the need for
prescription fluoride supplements unnecessary.
• Key Elements: Strategies to reduce tooth decay in high school students
1. Community awareness campaigns for water fluoridation in non-fluoridated urban
and rural areas.
2. Promote prescription fluoride supplements in non-fluoridated urban and rural areas,
until water fluoridation can be achieved.
3. Counsel students and parents about prevention of tooth decay, the need for dental visits
and sealants
4. Promote daily fluoride toothpaste and fluoride mouthrinse use at school or home
5. Promote the restriction of sugar products
• Targeting Based on the findings of the California 1993-94 epidemiologic survey, prevention
efforts uould accrue the greatest benefits if directed to the following groups and regions
1. Low income families
2. Parents and students in grades 7-9 (junior high and middle schools)
3. Asian, Latino, and Black groups
4. Non-fluoridated urban, rural, and fluoridated urban regions
Private Sector: Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Junior high and middle school teachers:
Nursing Professionals:
Physicians and Pediatricians.
American Academy of Pediatrics
Public Health Associations:
California Public Health Association North
Southern California Public Health Association
• Education campaign:
Statewide organizations should encourage their members to join with other health
professionals and community outreach workers to:
1. support local community water fluoridation efforts (e.g., through development of
printed patient education materials, sample editorials and letters to newspapers, 'bill
stuffers', spokesperson training, and school health curriculum).
2. support the widespread use of dental sealants, by reducing barriers and encouraging
members to participate in the development of school-based/linked dental programs
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Dental and medical organizations must educate those who prescribe fluoride supplements
in non-fluoridated communities on the revised dosage schedule, taking into consideration
local fluoride levels of the water at home and in school settings.
Public Sector: Agencies which have significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations
Health Care Division
Department of Education
Healthy Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Office of Drinking Water
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
*Assessment
1. Assess the prevalence of tooth decay and preventive practices in 14-15-year-olds
(grades 9-10) every 5 years
• Policy Development
1. Require a dental visit for every child at entry level to junior high or middle school
2. Require assessment for sealants by grade 7; completion of needed sealants by
beginning of grade 9
3. Require sealant benefits with no financial bather as a component of health insurance
plans
4. Explore methods to expand dental insurance benefits for all children (e.g., required as
part of school enrollment)
5. Expand services provided within existing school-based dental disease prevention
programs to include the application of sealants
6. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention of dental disease
a. Provide for a state dental director position responsible for the prevention and
assessment of dental disease with expertise in dental public health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
7. Provide a data collection and monitoring system for fluoride concentration of water
supplies at the smallest possible level (e.g., average fluoride concentration of water
supplied to customers in a zip code over the past 5 years, with monthly fluctuations)
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*Assurance
1. Monitor the extent to which these policies are implemented
Philcutthropic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluation of community-based efforts to fluoridate the water supplies
2. Evaluate the effectiveness of Tr/A:Trams to promote dental sealants targeted at high-risk
groups
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UNTREATED TOOTH DECAY IN HIGH SCHOOL STUDENTS
Early treatment of tooth decay is essential to prevent further tooth destruction and pain. In
the early stages of tooth decay there are usually no symptoms and children and their parents
are unaware of the need for fillings, which may take several appointments. Additionally,
more extensive tooth decay requires endodontic (root canal) treatment and/or crowns to
preserve the teeth, or extractions and space maintainers where indicated. Restorative dental
treatment for young students can be provided by general dentists or pediatric dental
specialists.
This table shows the percentage of 15-year-old adolescents with one or more decayed
permanent teeth from the California 1993-94 survey compared with the most recent national
data and the Healthy People 2000 Objectives. ("Oral Health in United States Children, NIH;
North Carolina Oral Health School Survey; '* Hispanic Health and Nutrition Examination
Survey (Hispanic HANES), CDC)
California 1993-94

U.S. (1986-871

2000 Objective

All 15-year-old adolescents
Adolescents aged 15 years whose parents
have less than a high school education

45%

23%*

15%

67%

41%—

25%

Black 15-year-old adolescents

65%

20%

Latino / Hispanic 15-year-old adolescents

66%
48%

38%*
31-47%—*

Decayed teeth (1+ DT)

Asian 15-year-old adolescents
— 1982-84 data
- Not Included In Healthy People 2000

25%

The California 1993-94 survey found that 54% of all high school students in grade 10 have
some untreated tooth decay (1+ decayed permanent teeth: DT), with an average of 1.9 teeth
affected. There is a wide range of the percentage of students affected by untreated tooth decay
for groups identified by ethnicity and region. Latino students in non-fluoridated urban areas
had the highest percentage (77%) of untreated tooth decay (1+ DT) of any group, with an average
of 3.4 teeth affected. White students in rural areas were the group with the Lowest proportion
(26%) of untreated tooth decay (1+ DT), while Black and White students in fluoridated urban
areas had the lowest mean number of untreated decayed teeth, with an average of 0.7 teeth
affected.
Students whose parents/guardians have had more years of formal education had less
untreated tooth decay. Of 15-year-olds with a parent with less than a high school education, 67%
had untreated tooth decay (1+ DT); 49% of 15-year-olds, with a parent who graduated from high
school, had untreated tooth decay (1+ DT); and 33% of 15-year-olds, with a parent who had some
college education or who was a college graduate, had untreated tooth decay (1+ DT).
Potential Recommendations

An appropriate objective of no more than 25% of any group of students with any untreated
decay is recommended (the same as for Latino adolescents aged 15 years as set in Healthy
People 2000). Access to, and utilization of, dental treatment services needs to be improved for
target groups most in need.
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Providing treatment for tooth decay for this age group will require efforts by many
segments of the community, including dental professionals and those who interact with
parents and students (e.g., nurses, physicians, school teachers). These efforts will include an
ongoing education campaign to encourage parents/guardians to make regular visits to the
dentist for their children, and to complete recommended treatment, which requires time off
work for parents and time away from school for students.
• Key Elements: Strategies to reduce untreated tooth decay in high school students
1. Counsel parents/guardians about the need for regular dental visits for their children
and early and complete treatment of tooth decay
2. Community awareness campaigns for early and periodic screening, diagnosis and
treatment by dentists.
• Targeting Based on the findings of the California 1993-94 epidemiologic survey, treatment
efforts would accrue the greatest benefits if directed to the following groups and regions
1. Low income families
2. Parents and students in grades 7-10 (junior high, middle, and high schools)
3. Asian, Latino, and Black groups
4. Non-fluoridated urban, rural, and fluoridated urban regions
Ptivate Sector: Organizations which have significant potential to affect these strategies
include:
Dental Professionals:
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
Junior high , middle and high school teachers:
Nursing Professionals:

Physicians and PediatriciansAmerican Academy of Pediatrics
Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
• Education campaign:
These organizations can play an important role in reducing untreated tooth decay in
adolescents by informing their members and training other health professionals and
community outreach workers about the need for early and periodic screening, diagnosis and
treatment, including the requirements of the Child Health and Disability Prevention (CHDP)
program, including the revised periodicity schedule and need for cross-referral with
physicians
Public Sector: Agencies which have significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers.
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Department of Corporations
Health Care Division
Department of Education
Healthy Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Office of Drinking Water
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
*Assessment
1. Assess the prevalence of untreated tooth decay in 14-15-year-olds every 5 years
2. Evaluate the effectiveness of programs targeted at high-risk groups in grades 7-10 to
seek dental visits and complete needed treatment
• Policy Development
1. Require a certificate of completed dental treatment for every child at entry level to
junior high or middle school, and high school
2. Reduce fuaancial obstacles for the dental treatment for children aged 9-15 years
enrolled in dental insurance plans
3 Explore methods to expand dental insurance benefits for all students (e.g., required as
part of school enrollment)
4. Increase capacity to treat tooth decay in school children
a. increase the number of training hours in pediatric dentistry in predoctoral
dentistry programs
b. increase the number and size of pediatric dentistry training programs
c. increase the number of continuing education courses on tooth decay for all health
professionals
d. increase funding for dental treatment of tooth decay in Healthy Start junior high
and middle schools and high schools
5. Strengthen the dental public health infrastructure to support community-based policy
development and programs for dental care
a. Provide for a state dental director position responsible for the prevention and
assessment of dental care needs with expertise in dental public health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
•Assurance
1. Monitor the extent to which these policies are implemented
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milairthrupic Sector: Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluation of community-based tooth decay treatment programs for children
in grades 7-10
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FEBEMNIALPISFASEINXIGELECEISIOLEEMEITS
Destructive periodontal (gum) disease is mainly an infective progressive condition
leading to irreversible loss of attachment of the gum to the permanent teeth, which can result in
looseness and eventual loss of teeth in adulthood. The condition can be prevented or halted by
personal dental hygiene and professional treatment. At age 15 years the permanent teeth and
the surrounding gums are considered to be sufficiently mature to assess the need for
periodontal treatment for destructive periodontal disease. Prior to this age, prevention and
treatment of gum problems is directed at reversible gingivitis (gum inflammation and
bleeding). Establishing a daily pattern of optimal dental hygiene using dental floss and a
toothbrush is considered important in the prevention of gingivitis and periodontal disease.
The California 1993-94 survey found that 61% of all high school students in grade 10 have
some periodontal treatment needs; 40% have evidence of periodontal pocketing of 4-5 mm;
6.0% have evidence of destructive periodontal disease (periodontal pocketing greater than 6
mm). There is a wide range in the percentage of students with any periodontal treatment
needs, which range from oral hygiene instruction to professional scaling and polishing, and
for the more advanced cases, root planing and gingival curettage treatment. For groups
identified by ethnicity and region, Asian students in fluoridated areas had the highest
proportion (84%) with any periodontal treatment needs; White students in non-fluoridated
urban areas were the group with the lowest proportion (38%) having any periodontal treatment
needs.
There is a wide range in the percentage of students with destructive periodontal disease
(periodontal pocketing greater than 6 ram) African-American students in non-fluoridated
urban areas had the highest proportion (16%) of destructive periodontal disease; White students
in rural areas were the group with the lowest proportion (0.0%) of destructive periodontal
disease. There was no significant difference in scores 3 and 4 by gender.
Periodontal needs (CommunityPeriodontal Index of Treatment Needs: CP1TN)
Distribution (%) of students with a 'c lient score° of 0, 1, Z 3, or 4.
Regular High School Student All Regions
Periodontal Findings

.11

Healthy (0)

bleeding (1)

Tartar (2)

38.9%

10.4%

4.9%

riallow Pockets (3) peep Pockets (4)
39.8%

6.0%

*At least one of the measurements around 6 teeth using a periodontal probe
Key:
0No Needs
1Bleeding on probing
(Needs Oral Hygiene Instruction)
2Tartar (Calculus) tell on probing
(Needs Scaling and Polishing and Oral Hygiene Instruction)
Periodontal Pocketing 4-5 mm ......_(Needs Scaling and Polishing and Oral Hygiene Instruction)
34Periodontal Pocketing >6 mm
(Needs Root Planing/Gingival Curettage. Scaling and Polishing and
Oral Hygiene Instruction)

and successful treatment depend on adequate oral hygiene. Going to a dentist
is a prerequisite for the necessary instruction for oral hygiene methods to prevent periodontal
disease (including optimal flossing and toothbrushing), and for the assessment of periodontal
treatment needs and treatment. A dentist can delegate these duties to a dental hygienist and in
Prevention
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the case of oral hygiene instruction, to a registered dental assistant. School-based programs
can also provide instruction and help to establish oral hygiene habits at an earlier age.
Potential Recommendations

A specific objective for this oral health status indicator is needed with an action plan to
meet this objective. Preventing, and providing treatment for, periodontal disease in this age
group will require efforts by many segments of the community, including dental
professionals and those who interact with parents and students (e.g., nurses, physicians,
school teachers). These efforts will include an ongoing education program directed at parents
and students to prevent periodontal disease by appropriate oral hygiene instruction.
Additional recommendations are to make visits to the dentist on a regular basis for regular
assessment of periodontal treatment needs and treatment.
'Key Elements: Strategies to reduce periodontal disease in high school students
1. Community awareness campaigns for periodontal disease detection in high school
2. Counsel students and parents about prevention of periodontal disease
3. Promote optimal flossing and toothbrushing at school or home
• Targeting Based on the findings of the California 1993-94 epidemiologic survey, prevention
and treatment efforts would accrue the greatest benefits if directed to the following groups and
regions

1.
2.
3.
4.

Low income families
Parents and students in grades 9-10 (high schools)
Black, Asian, and Latino groups
Non-fluoridated urban, rural, and fluoridated urban regions

Private Sector Organizations which have significant potential to affect these strategies
include:

Dental Professionals:
California Dental Assistants' Association
California Dental Association
California Dental Hygienists' Association
California Society of Pediatric Dentists
Dental Insurance Companies
Ethnic Dental Associations
High school teachers:
Nursing Professionals:
Physicians and Pediatricians:
American Academy of Pediatrics

Public Health Associations:
California Public Health Association - North
Southern California Public Health Association
• Education carizpaign:
Statewide organizations should encourage their members to join with other health
professionals and community outreach workers to:
1. promote the need to professionally assess the periodontal needs of adolescents using a
periodontal probe
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2. educate their members and train other health professionals and community outreach
workers about the requirements of the CHDP program, including the revised
periodicity schedule and need for cross-referral with physicians.
3. support school-based dental disease prevention programs
Public Sector: Agencies which hcwe significant potential to affect these strategies include:
Board of Dental Examiners
California Conference of Local Directors of Maternal, Adolescent and Child Health
California Conference of Local Health Officers
Department of Corporations
Health Care Division
Department of Education
Healthy Start
Department of Health Services
Child Health and Disability Prevention (CHDP) Program
Denti-Cal
Maternal and Child Health
Department of Social Services
Regents of the University of California
Schools of Dentistry (UC Los Angeles; UC San Francisco)
Suggested activities for these agencies in the realm of Assessment, Policy Development,
and Assurance include:
*Assessment
1. Assess the prevalence of periodontal disease and preventive practices in 15-year-olds
(grades 9-10) every 5 years
• Policy Development
1. Require a periodontal assessment for every 10th grader in high school
2. Explore methods to expand dental insurance benefits for all children (e.g., required as
part of school enrollment)
3. Strengthen the dental public health infrastructure to support community-based policy
development and programs for prevention and assessment of dental disease
a_ Provide for a state dental director position responsible for the prevention and
assessment of dental disease with expertise in dental public health
b. Provide for county or regional dental director positions throughout California with
expertise in dental public health
•Assurance
1. Monitor the extent to which these policies are implemented
Philanthropic Sector Foundations with significant potential to affect these strategies include:
Foundations involved with funding primary prevention of human disease projects (e.g.,
The California Wellness Foundation)
Foundations involved with implementation of primary prevention of dental disease
projects (e.g., The Dental Health Foundation)
• Special Projects
1. Evaluate the effectiveness of programs to promote periodontal needs assessments
targeted at high-risk groups
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Introduction
This report of the California Oral Health Needs Assessment provides information from data collected with the
consent of parents and children. Three population groups from preschools, elementary schools, and high schools
were assessed by questionnaire and dental examinations. This report describes the design and implementation of
the oral health needs assessment, and highlights the extent to which the dental health of California's children
compares with national health objectives set for the year 2000.
Background and Purpose
1. Omnibus Reconciliation Act of 1989 (OBRA '89): This federal legislation included changes to Medicaid's
Early and Periodic Screening, Diagnosis and Treatment (EPSDT) and Title V Maternal and Child Health (MCH)
programs. Requirements were made for states, every five years, to undertake needs assessments of their
populations that would include oral health and the need for preventive and primary one services. The
assessments were to be consistent with the applicable health status goals and national health objectives
established by the Secretary of Health and Human Services for the year 2000. MCH programs were directed to
spend more of their budget on non-perinatal issues relating to all children than had previously been the case.
OBRA '89 required that MCH block grant applications include a description of the conduct of the needs
assessment, how it will be updated and expanded in current and subsequent years, and the ways in which the
MCH agency collaborated with appropriate staff and agencies, including those in the area of oral health. The
application must also include a plan for meeting the needs identified by the statewide needs assessment, and a
description of how the state intends to use its block grant funds to carry out this plan.
2. Oral Health Needs Assessment Model: The U.S. Public Health Service awarded a grant to Dr. Mark Siegal,
Acting MCH Director in Ohio, to develop a model for oral health needs assessments being conducted at the state
level. Dr. Siegal has been a primary member of the California oral health needs assessment project advisory
board. Ohio is currently in a second round of data collection for their needs assessment. Several other states
including Arizona Hawaii, Nevada, Oregon, and Washington have already completed data collection for their
oral health needs assessment
3. California Legislature and the California Department of Health Services (DHS): There has been a great deal of
interest on the part of the Legislature and constituency groups in children's dental disease prevention programs
and improved access to dental health services. The Legislature has in past sessions passed legislation increasing
the reimbursement to counties for children participating in the Children's Dental Disease Prevention Program
administered by the DHS. During hearings and debate on Proposition 99 legislation (AB 75, AB 1154, AB 99,
and SB 178), there was considerable interest and concern about the lack of dental health services for children.
Dental services were specifically identified by the Legislature in relation to treatment services available to
children under the Child Health and Disability Prevention (CHDP) program, and DHS was instructed to have
sufficient dental health staff to evaluate problems with dental service delivery. DHS is currently involved in
litigation regarding access to dental care for Medi-Cal eligibles. The California Dental ASSOCilltiOD and the
California Society of Pediatric Dentists have been working with DHS to resolve access problems and to expand

children's preventive dental services.
The paucity of data on the oral health status and needs of California children led to the California Department of
Health Services, Maternal and Child Health (MCH) Branch contracting with The Dental Health Foundation to
produce this oral health needs assessment report. There has not been a survey of dental caries prevalence
conducted across California since the 1950's, and although some more recan data exist on specific programs and
in local areas, and there are regional data from national studies from 1979-80 and 1986-87, none of these can be
extrapolated to the current oral health needs of California's children.
The data from this oral health needs assessment are to be used to determine the extent to which Oral Health
Objectives as specified in Healthy People 201X) are being met (Healthy People 2°00: National Health Promotion
and Disease Prevention Objectives - Full Report with Commentary. Washington DC: US. Department of
Health and Human Services. Public Health Service, 1991:349-64; DHHS publication no. (PHS)91-50212). As

such these data provide a baseline for evaluation of efforts to meet these objectives. The objectives relating to
DRAFT: 10/18/94: HP: OBJ

1

STUDY DESIGN
children are concerned with fluoride supplement use, Baby Bottle Tooth Decay and feeding practices in 2-5 yearolds, caries prevalence in 6-8 year-olds and 15-year-olds, and sealant prevalence for first and second permanent
molars. Objectives vary by educational status of the parents/guardians, and by race and ethnicity.
Additional data were collected that fulfill other objectives set for this assessment and relate to an oral health
needs assessment model developed for the USPHS (reference Siegal and Kuthy). These include assessments of
demographics, oral health status and risk reduction factors which complement the Healthy People 2000
Objectives, as well as assessments of the systems needed for delivery of community-wide preventive and
treatment =vices.
California has a large and varied population. There are concerns about the oral health needs of children in urban
and rural areas, in suboptimally fluoridated communities, and among four main racial/ethnic groups, namely,
Asians, Blacks/African Americans, Latinos/Hispanics, and Whites/Caucasians Preventive modalities of
community water fluoridation, application of sealants, and early intervention have shown in numerous studies
that they are safe and effective and cost-effective. This needs assessment is designed to be able to allow program
planners at the State and local level to target such preventive modalities to populations identified as being most
seriously in need.
No study to date has comprehensively looked at the oral health needs of Head Start and non-Head Start preschool
children, at the condition of the teeth of elementary schoolchildren of the four main racial/ethnic groups, and of
10th graders in High Schools and Continuation High Schools. This has now been accomplished for California
and provides the basis for recommendations for improving the oral health of children and adolescents. The
recommendations made here represent a consensus of opinion of the advisory committee to this project.
Planning for the survey
A professional advisory committee met three times from February 1993 to February 1994 to discuss their
expectations, the protocol for the project which specified the sampling frame and representativeness, sample
size, types of oral health status data to be collected, data collection and reporting methodology.
Working groups in sampling, data processing, oral examination survey instruments, questionnaire design, and
Baby Bottle Tooth Decay (BBTD) assisted in developing protocols for the epidemiological survey, and for
opinion Slzrveys of health care providers, government officials and community leaders. A survey of water district
engineers provided data on fluoride concentration of water supplies in the epidemiological survey sites.
For the epidemiological survey, dental examiners, recorders and site coordinators were recruited, trained and
standardized. The oral health survey was field tested concurrent with the training sessions, conducted, the data
analyzed, and a preliminary report of fmdings prepared and submitted to the MCH Branch for approval. The
advisory committee met for the fourth time in November 1994 to discuss the findings and recommendations of
the report
Survey design
GEOGRAPHICAL REGIONS AND FLUORIDATION STATUS

were used as the primary sampling units to stratify the sample. These regions were
selected on the basis of fluoridation status, to conform to county boundaries, to represent as wide an area of
California as possible, including rural and urban areas, and to facilitate data collection and minimize travel
expense. Ten geographic regions of California. which represented 77% of school children, were selected.
Although fewer than 10% of Californians reside in rural areas, two of the regions (20%) were selected to provide
an adequate sample of children in rural areas. Thus the survey is of selected sites, designed to be as representative
as possible of California's children. Due to budgetary considerations, the survey is not geographically
representative of all California children.
Creopnwhical regions

three of the 10 geographic regions (30%) that were selected were known to be
fluoridated. Since only 15.7% of Californians are reported to have access to optimally fluoridated water (referare
Fluoridation Census 1992), specific regions where the water was known to be fluoridated were selected, rather
EmflusaidAtiQn_itglus,
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than relying on a random sample which would have provided a relatively small sample size. Optimal
fluoridation of water supplies continues to be the cornerstone of tooth decay prevention programs (Healthy
People 2000), and it is reasonable to design the survey to be able to report on the differences between groups
according to fluoridation status.
California has a high immigrant and mobile population and the benefits of fluoridation are usually measured for
lifetime residents. Parents/guardians were therefore asked if their child had lived in the same city/town all his/her
life. It was anticipated that data would have to be aggregated to provide a sufficient sample size to measure the
impact of fluoridation status.
The ten geographic regions selected were:
1.Alameda/Contra Costa Counties
2. San Francisco County
3. City of Long Beach, Los Angeles County
4. Sacramento, San Joaquin, Santa Clara, and Solano Counties
5. North Los Angeles County
6 South LOS Angeles County
7. Orange, Riverside, San Bernardino, and San Diego Counties - North
8.Orange, Riverside, San Bernardino, and San Diego Counties - South
9. Colusa, Glenn, and Lake Counties
10.Fresno County (excluding the city of Fresno)

(Fluoridated Urban)
(Fluoridated Urban)
(Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Rural)
(Rural)

These counties represent 12 of the 13 most populated cotmties of California. It should be noted that in the NonFluoridated Urban regions and the Rural regions there is a range of fluoride concentration in water supplies,
including a small number of optimally fluoridated communities. The communities that were visited for this
survey with known optimally fluoridated areas in the Non-Fluoridated Urban regions are in part of Solano
county (Vallejo) and in the Rural region of Fresno county (Coalinga). Nevertheless, data are aggregated to report
on the status of children in:
1.Fluoridated Urban regions (Alameda, Contra Costa and San Francisco Counties , and the City of Long Beach,
Los Angeles County) (sometimes referred to as Fluoridated Regions)
2. Non-fluoridated Urban regions (Sacramento, San Joaquin, Santa Clara, and Solent) Counties, North Los
Angeles County, South Los Angeles County, and Orange, Riverside, San Bernardino, and San Diego Counties),
(sometimes referred to as Urban regions) and
3. Rural regions (Colusa, Glenn, and Lake Counties, and Fresno County, excluding the city of Fresno)
AGE GROUPS

The three age groups considered for the study were:
1. Preschool children
2. Elementary school children
3. High school students
1. PRESCHOOLS: (age 2-5 years) LBBTD group)
The target population in this age group was children ages 2 to 5 years attending Head Start and non-Head Start
facilities in the ten geographic areas defined.
Head Start (representing low income children, ages 3 .4 years) and non-Head Start facilities (representing
moderate and upper income children) were selected to assess the needs of preschool-aged children. Because there
is no mandate for children to attend preschool, the sample chosenis not necessarily representative of all children
of this age. However over 500,000 children are enrolled in preschools in California.
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2. ELEMENTARY SCHOOLS: GRADES K-3
The target population in this group was children in grades Kindergarten, 1-2 and 3 attending public schools in
the study's geographic areas.
To conform with the age groups identified in Healthy People 2000, grades K, 1-2, and 3 were selected as the
specific grades in elementary schools for this survey. Each elementary school had to have a minimum of two
classes of grade K and two classes of grade 3, with cme class of grade 1, and one class of grade 2.
3. HIGH SCHOOLS AND CONTINUATION HIGH SCHOOLS: GRADE 10
The target population in this age group was two subgroups of adolescents in the geographic areas defined.
a) Adolescents attending 10th grade in public high schools
b) Adolescents attending continuation high schools with more than 75 students in the 10th grade.
Regular High Schools and Continuation High Schools were separately selected for this grade level.
Continual/cal.-high-schools crm,herconsideted a groxy,f9r_high schooLdrop ,outs. Only the larger Continuation
for effiCiedcY in data collection.
puBLIC SCHOOLS

Public schools represent about 90% of California school children in grades K-12. It would be .expected that
children in private schools have fewer unmet needs. Data on ethnicity/racial composition for private schools are
less available than for public schools, and it was not possible to apply the same criteria for school selection for
private schools. Altliorrililirriyati,:schools .were notincludect-in, the samplepall socio-economic groups are
represented in public schools. The sample 'chosen for grades K-3 and grade 10 is representative of children in
public schools rather than of all children.
RACE/ETHNICITY

l'Black/African-American, 'Latino/Hispanic", and "White/Caucacime edmichacial groups were used to
stratify the sample of children. In California's schools, there are:45%hite, chi1dren,%35% Latino/Hispanic
children, 11% Asian children, and 9% African American/Black children. 'Asians' include non-Hispanic Asians,
Pacific Islanders, and Filipinos. 'Blacks' and 'Whites' are also non-Hispanic. 'Other' is designated for children
who do not fit in any of the 4 major groups. Parents/guardians identified the raceJethnicity for each child by
questionnaire.
Since there is no random assignment of children by ethnicity to schools, existing data from the Department of
Education for elementary and high schools indicating the ethnic/racial composition of schools were used as a
basis for sampling the selected schools. Schools were selected such that each ethnic group would be equally
4(1,, represented. In areas where certain ethnic groups were under-represented, schools with a higher percentage of
children in that ethnic group were over-sampled. Where the percentage of each of these groups was generally
under-represented for the geographic area, then partitions in the strata we created that preferentially selected
schools which have at least 20% of each ethnic/racial group. Because there were five ethnic/racial groups
("Asian*, 'African-American/Black, *Latino/ Hispanic', 'White', and -Other), five elementary schools and
five high schools were selected for each geographic area so that sufficient numbers of children of each in these
groups would be selected for the sample. (see below for further details on sample selection)
It must be emphasized that any study that demonstrates a discrepancy in outcomes based on race or ethnicity
should not stop with the reporting of such discrepancies, but must go on to ask why they exist. Thus the
findings will be reported by ethnicity/race but will also compare the other fiactors that affect oral health needs.
Further eorts to elucidate these faaorr we needed since this report is not designed to be able to fully answer all

• questions that may be raised by the findings listed here.
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Ethnicity of Children in California

3-4 Year-Olds in
California

Head Start in California
Latino
53%

Data Sources:
3-4-Year-Olds in California (1990 Census Data. Latinos arc of Hispanic Origin of any race. Asians, Blacks, Whites and
Others are non-Hispanic)
Head Stan in California (Personal Communication: Fay Graef, Head Start Program, USPHS Region IX. 1993 data)

Public Schools:
Grades K-12

Public School Enrollment
in Survey Counties

Latino
35%

White
40%
Black
9%
Asian Other
11% 1%

121_44.19.mo:

Asian Other
12% 1%

Public Schools: Grades K-12: California Department of Education. 1991-92 data.
Public School Enrollment in Survey Counties: California Department of Education. 1991-92 data.
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Survey Sample: All Ages
Latino
38%

Black
15%

White
24%
Asian
15%

Other
8%

Ethnic distribution of total survey sample

PHOTO OF CHILDREN

DRAFT: 10/113/94: HP: OBJ

7

STUDY DESIGN

SAMPLE SELECTION
DESIGN TYPE
A stratified cluster design was used within each age group separately.
Strata: The ten geographic regions were collapsed into eight strata for sampling purposes. This was done by
combining Northern and Southern Los Angeles county into one stratum and combining Orange, Riverside, San
Bernardino and San Diego counties into another stratum referred to as Southern California. The other six regions
remained the same. Three of the eight were fluoridated urban geographic regions, two were rural geographic
regions and three were non-fluoridated geographic regions.
Clusters: Sampling units within each age group / region combination were preschools or schools.
5AMPLING FRAME and SAMPLE SIZE
1. EEQN122211

The sampling frame was obtained from the 1991 California Health and Welfare Agency computer data file
listing all private and public preschools in California. The file included the name of the preschool, geographic
area, enrollment, and type of school. No ethnicity breakdown was available through this data file.
Preschools were grouped within each geographic stratum into Head Start and non-Head Start. Therefore the
sampling frame was divided into 16 strata. Five preschools were selected without replacement within each
stratum with a probability proportional to size (enrollment) in all strata except Los Angeles and Southern
California where 10 preschools were obtained. A total of 100 preschools were targeted; 50 Head Start
preschools, from a sample frame of 467 Head Start preschools; and 50 non-Head Start preschools from a sample
frame of 5514 non-Head Start preschools. All children at participating preschools were invited to participate. An
additional set of 100 preschools was selected to use as a back-up for those schools that chose not to participate.
2. Elementary Schools and High Schools
For elementary schools and high schools (not including continuation high schools) sampling frames were
created using the 1991 California Department of Echication public schools data file. The file contains
information on school location and district, total school size (enrollment), number of students by grade, number
of students by ethnic group, number of students enrolled in the Free/Reduced Cost meal program and number of
students on Aid to Families with Dependent Children (AFDC).
Five schools were selected in each geographic stratum except for the Los Angeles and Southern California strata,
where 10 schools were selected. Each elementary school had to have a minimum of two kindergarten classes,
one class of first and fCcond grade each and two third grade classes. A total of 50 elementary schools and 50 high
schools were targeted. Additional samples of elementary and high schools were selected to use as a back-up for
those schools that chose not to participate.
The strategy selected schools without replacement with probability proportional to their size (enrollment), with
larger schools being preferentially selected. In regions where certain ethnic groups were under-represented (less
than 20% representation), a second-level stratification was performed; schools with a higher percentage of
children in the wider-represented ethnic group were grouped into a separate stratum and sampled at a higher rate.
Schools showing 100% of a particular group were excluded. Some areas did not have sufficient representation of
all ethnic/racial groups. However, the strategy produced the best possible selection of schools to achieve the
goal of conducting surveys of the four major ethnic/racial groups.
3. Continuation High Schools
The target population in this group was students attending continuation high schools in the study regions with
at least 75 students in the 10th grade. The sampling frame was constructed using the 1991 California
Department of Education public schools data file. Up to five continuation high schools of more than 75 students
were selected in each of the ten regions. Due to a limited number of such schools, a total of 6 in the fluoridated
urban areas (with no back-ups) and 19 in the non-fluoridated urban areas (with some back-ups) nvere targeted;
there were no such continuation high schools in the rural areas.
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NON-RESPONSE

It was anticipated that there would be some non-response by schools, parents and children. Two samples of
schools were selected for this reason. When a preschool refused to participate, it was substituted with a
preschool in the same area and Head Start / non-Head Start category from the back-up sample. When an
elementary or high school refused to participate it was substituted with a school of similar ethnicity
distribution.
It was anticipated that there would be non-response rates for preschools, elementary schools and high schools, of
about 20%, 30% and 50% respectively. Thus, larger schools were preferentially selected to allow for this level
of non-response by sampling with probability proportional to the size of the schools.
CONSENT PROCESS
Due to the research nature of this examination survey, the protocol was submitted to and approved by the
California Health and Welfare Agency, Committee for Protection of Human Subjects. Consent forms and cover
letters were developed for school principals/directors of the three types of schools (preschools, elementary
schools, and high schools) and for parents/guardians. (see Appendices) Additional approval was sought and
obtained from the Los Angeles and San Francisco Unified School Districts. Only those schools, parents and
chi students who had provided written consent were included in this survey. It should be noted that there is
no requirement that children have a dental screening or any necessary treatment completed before entry into
preschools or elementary or high school, and that informed consent was required. However there is a requirement
that preschool children in the Head Start program have a dental screening c¢ler entry into the program. For the 3year-olds, and newly entering 4-year-olds, there may not have been sufficient time for a dental screening to have
been performed or necessary treatment rendered for these children at the time of this survey.
Only those schools., parents cwl
children/students who had prvvidal written
consent were included in this survey.

QUESTIONNAIRES
To provide information on each child examined, questionnaires were completed by parents/guardians of preschool
children and elementary schoolchildren, and by high school students and their parents/guardians. A cover letter
from the principal/director of the preschool/school on their letterhead, a consent form and a questionnaire for
each child were made available in English/Spanish, English/Cambodian, English/Cantonese, and English/
Vietnamese.
The questions varied according to the age group of the children and included fluoride toothpaste use, fluoride
supplement use, dental visits, dental insurance status, residence history of the child (to assess the impact of the
fluoridation status of their community), place of birth of the child (to confirm residence history, and to
determine differences by country of birth), ethnicity/race of the child, education level of parents/guardians, family
income and size, time off work to take their child to the dentist (to assess the economic impact of children's oral
health status), the parents'/guardians' perception of the current oral health status of their child, and infant feeding
practices for the preschool age group. (see copies of the questionnaires).
RECRUITMENT, TRAINING, and STANDARDIZATION of DENTISTS and RECORDERS
Dentists, including pediatric dentists, were recruited from various sources, primarily from private practice with
assistance from the California Dental Association, the California Society of Pediatric Dentists, and other
organiintions. Selected dentists were required to be available for two days a week from September 1993 to
January 1994, currently licensed in California with their own liability insurance coverage, in good health and to
have received Hepatitis B immunizations. The geographic distribution of dentists was a factor in the selection,
in order to reduce travel time. There were a total of 23 dentists who performed the screenings, some of whom
screened children in preschools, elementary schools, or high schools only. The mean number of children
screened per dentist was 295 (SD 204: range 27 to 814). For preschools (Head Start and Non-Head Start), there
were 13 dentists; for elementary schools there were 9 dentists; for high schools (including continuation high
schools) there were 10 dentists.

Dentists and recorders were trained and standardized. There were two training sessions during September 1993:
one in Northern California and one in Southern California. Each training session included active participation at
a preschool, elementary school, or high school, in addition to a didactic session. Each examiner and recorder was
provided training manuals developed for this project: manuals developed by the National Institute of Dental
Research (NIDR) and World Health Organization (WHO) were also distributed to the examiners. A video
instruction package was made for all examiners and recorders to standardize direct data entry by computer. A
computer program was designed for data entry of questionnaire and oral health status data based on the EPI-INFO
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software package available from the Centers for Disease Control and Prevention (CDC). (The Epi Info program
is public domain software produced by: The Division of Surveillance and Epidemiologic Studies, Epidemiology
Program Office, Center for Disease Control, Atlanta, Georgia and The Global Programme on AIDS, World
Health Organization, Geneva, Switzerland. Dean AG, Dean JA, Burton All, Dicker RC. Epi Info, Version
5.01b: a word promssing, database, and statistics program for epidemiology on microcomputers. USD,
Incorporated, Stone Mountain, Georgia, 1993.) Field testing occurred with the training sessions.
TIME FRAME and RELIABILITY OF DENTISTS AND RECORDERS
The actual survey was conducted from October 1993 through January 1994, a relatively short time frame to
obtain the necessary consent of school administrators and to coordinate schedules of schools, examiners and
recorders.
Reliability data were collected by pairing examiner teams when feasible. Demographic, questionnaire, and oral
health status data were entered twice for the same cbildren/students by teams of dentists and recorders for a total
of 90 times in 10 preschools, 3 elementary schools and one high school. Analysis of these data show that out of
a possible 18,431 data entries for these 90 children/students, there was 963% agreement. Errors included data
entry errors as well as judgment differences by dentists.
SURVEY SAMPLE
The table below shows the number of schools visited and the number of children who were screened and had
questionnaires completed, and their ethnic distribution.
Survey Sample: Number of Schools. Children Examined and Ethnic Distribution
Schools
84

All Preschools

Children
2520

Asian
320

12.7%
32

Grades K-3

40

Grade 10 (All High Schools)
All Ages

156

3225
898
6643

490
15.2%

216
24.1%
1026
15.4%

Black

Latino

421
16.7%

12.6%

1015
40.3%
1151
35.7%
351
39.1%

1005
15.1%

2517
37.9%

471
14.6%
113

ETHNIC DISTRIBUTION OF SAMPLE

In Asian El Black • Latino 0 White II Other'
1200
1000
Number of 800
children in 600
the sample 400
200
0
Preschools

Grades K-3

Grade 10

Number of children in the survey sample by school I grade
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White
621
24.6%

Other

778

335
10.4%
55

24.1%
163
18.2%
1562
23.5%

143

5.7%

6.1%
533

• 8.0%
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REPRESENTATIVENESS
The number of children in the sample frame represents 77% of the California population of children of the same
age in elementary and high schools.
Table of Enrollment in California Public Schools (Grades K-12),
by County and Ethnic/racial gaup. 1991-92 for counties surveyed

Alameda
Colusa
Contra Costa

182%

42.706

88

2.3%
11.4%

78

Glenn
Lake
Orange
Riverside
Sacramento

429
118

.
,

0.9%
2.3%

43.767

10.8%

sz.904

8.1%

29.674
18.131
81.1E0

50.4%
18.5%
22.1%
15.1%

11,521
7.028

18.4%

San Diego
San Francisco
San Joaquin
Santa Clara

9,&54

Solano

ss

4.6%

14,204

Other Counties 1
- ,
California
1

7.2%
1.2%
10.8%
13.6%
4.3%

io los
25.060 13.5%

San Bernardino

Total

13.2%

16.084
9.480

22.7%
2.0%
12.2%
6.0%

221
174.559
8,303
16,617
24,819
30,894

156 .018
52,814

,

c yo

N

84.088
15,880
mew

Fresno

American
%

N

Los Angeles

Black/ African

Asian

County

481,3161 12.3%1

10.885
11.103

10.1%

7.2%
4.7%
17.0%

31,697
1,703
17.886

69.008

White/ Caucasian
N
%

16.9%

78.177

44.5%
13.6%
43.6%

1,908
81.769

25.3%
815 8.5%
759,522 52.7%
1,497

129.309 33.1%
83.973 35.6%
25.132 13.6%
103.781 33.8%
118.691 29.2%
12.329 19.7%
26.182 26.7%
87,705 29.3%
9223 _ 14.1%

57.741
9.822
8.025
347,024
198.343
123275
107.139
156,022
206.890
8.706
45.728
09.725
34,872

State Population
N
%

41.6%
49.9%

622%
36.5%
64.5%

0.1%

2.6%

156.385
5.921
9,580
1,441228
390.908
235.777

83.8%

24.1%
50.7%
52.3%
58.1%
50.8%
51.0%
13.9%
46.7%

3.1%
0.1%
02%
28.2%
7.7%
4.6%'

184.481

3.6%.
6.0%
405.894
7.9%
62.516 , 1.2%
97.990 , 1.9%
231293
4.5%,
307.146

43.1%
53.1%

3.7%,

187.811
3.825
191,525

_

65.274

1.3%

397.155) 10.1%1 1.458.433) 37.2%1 1.558.96o( 39.8%1 3.919.554 1 76.7%

6.0%)

40.370)

552.9341 10.9%1

437.525)

71 319 1

12.1%
2.1%
7.0%
13.5%

Latino/ Hispanic
%
N

348.1031 29.1%1
711.842) 59.9%1 1.187.594 23.3%
8.6%1 1.804.536 1 35.3%1 2270.8021 44.5%1 5,107,145
100%

3.4%1

Schools Response
The participation rate of preschools, elementary and high schools varied from a high of 73.3% for Head Start
preschools to a low of 303% for continuation high schools (which were all in the non-fluoridated urban areas).
The survey was extended into January 1994 to be able to visit as many of the targeted schools as possible in the
relatively short time frame. One extraordinary event, the Northridge earthquake (January 17, 1994), halted all
further site visits in the Northern Los Angeles area, and restricted travel to the Fresno area from southern
California.
Sample Size

Participated..

62
122

Refused
16
22
38

44
40
84

Participation Rate
733%
643%
68.9%

Elementary Schools

65

33

32

49.2%

Regular High Schools
Continuation High Schools
All High Schools

63
33
96

33
23
56

30
10
40 -.

47.6%
30.3%
41.7%

Head Start Presr,hools
Non-Head Start Preschools
All Preschools

60

Questionnaires Response
Approximately 22,050 questionnaire/consent packages were distributed. with a total of 6792 completed and
returned and entered. The response rates for completed consents and questionnaires for preschools, elementary
schools, and high schools were 2649/5800 (45.7%), 3234/8850 (36.5%), and 909/7400 (12.3%) respectively.
These rates include packages unretvined from non-participating schools. A11questiannaireiconsent packages were
printed in two languages and were distributed according to requests from the site coordinator.
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Number of questionnaire/consent packages printed by language
English/
Spanish
Preschool
Elementary
High
Total

English/
Vietnamese

English/
Cambodian

English/
Cantonese

Total

7,000

200
300
300

200
300
100

100
200
200

6,000
9,050
7,600

20,750

800

600

500

22,650

5,500
8,250

Aid to Families with Dependent Children (AFDC) and Free School Lunch enrollment
The difference between elementary and high schools that participated in the survey and those that declined to
participate was analyzed. In those schools, the proportions of children who were AFDC participants and enrolled
in the Free School Lunch program were compared. There were significant differences in AFDC and Free School
Lunch enrollment in elementary schools. Therefore, those elementary schools that participated overrepresent
schools where there was a higher AFDC and Free School Lunch program enrollment.
Ethnicity in Elementary •fi d High Schools
The comparison between elementary and high schools that participated in the survey, and those that declined to
participate was also analyzed for ethnic differences. There was a higher percentage of African American/Black
children in participating elementary schools than in those that declined to participate.
Elementary Schools
Schools
Number of Schools
AFDC enrollment
Free School Lunch

Asian

Black
Hispanic

White

Participating
Number
32
31.17%
61.92%
15.60%
20.19%
33.73%
29.51%

SE
3.14%
4.09%
2.55%
3.98%
3.58%
4.62%

Refused
Number

33
23.29%
50.57%
19.08%
10.81%
32.50%
37.03%

SE

3.45%
4.98%
3.00%
2.15%
4.62%
4.28%

0.096
0.084
NS
0.041

NS
NS

High Schools
Schools
Number of Schools
AFDC enrollment
Free School Lunch
Asian
Black

Hispanic

White

Participating
Number
40

17.83%
25.93%
14.65%
13.57%
38.02%
32.76%

SE

1.58%
3.20%
2.55%
2.32%
3.42%
3.68%

Refused
Number
56
13.66%
21.93%
17.40%
15.43%
31.40%
34.94%

SE
1.91%
2.36%
2.32%
2.40%
2.53%
3.01%

NS
NS
NS
NS

NS
NS

Other Ethnicity/Race
Ethnicity/Race as defined by the California Department of Education limits the opportunities for individuals to
be identified as 'Other' (non American Indian, Asian, Black. Latino, or White). In this survey, there was greater
freedom for individuals to identify themselves as 'Other' which includes multi-ethnic, and for analysis, American
Indian. The percentage of individuals identified as 'Other' for analysis was as follows: preschools: 5.7%;
elementary schools: 10.4%; and high schools: 6.1%. The California Department of Education identifies 0.8% of
enrolled children in public school as American Indian or Alaskan. with no 'Other' category. In California, the
U.S. Census finds 13.2% of individuals identified as 'Other Race', and 1.6% as American Indian, Eskimo or
Aleut.

Emily
The 1990 Census data show that for all children ages 0-17 years in California, 39.5% live in families below
200% of the Federal Poverty Level. The corresponding percentages for children under 5 years, children aged 5-11
37.1% respectively. •._
years. and those aged 12-17 years are 41.3%,39.9% and
- • . , . ... • . • _
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The data from the epidemiological survey show that the corresponding estimated population percentages for
preschools (aged 2-5), elementary schools (aged 5-9), and high schools (aged 14-19) are 43.0%, 71.8% , and
50.1% respectively.
MX,

.
"34;&n*W

For the preschools survey the percentage offamilies below 200% of the Federal Poverty Level is similar to the

general population for that age group in California.
However, for the elementary schools survey and the high schools survey, the percentage offamilies below 200%
of the Federal Poverty Level is higher than in the general population for that age group in California. This is
not surprising since, by design, the surveys oversampled ethnic minorities, and private schools were excluded
due to the lack ofdara available to sample by ethnicity Neither of thesefactors applied in the preschools survey
The surveys also oversampled rural communities. Perhaps more importantly, there is no mandate for children in
public schools to have a dental screening, and a consent process was necessary at the school administration and
teacher level, and for parents/guardians and their children. In contrast, there were anecdotal reports from some
school administrators, teachers, and site coordinators that the reading level of the consent forms and
questionnaires were considered too high to adequately reach low income families. It must be assumed that school
administrators, teachers and parents/guardians who were willing to participate were those who perceived the
greatest need for the children to receive afire dental screening.

To overcome this bias in the survey, some data are presented by poor and non-poor status.
STATISTICAL ANALYSIS

For analysis purposes the geographic regions were divided into 3 analysis areas, to provide comparisons between
regions of interest and an adequate sample size:
1.fluoridated Urban
2. Non-Fluoridated Urban
3. Rural
Weights

Weighting of the data generalizes the findings to the population represented by the sample. All data presented in
this report are weighted, except where specified as being sample data. In each age group all students have a
sampling weight defined as the product of the following factors:
a) School weight Inverse of the probability of school selection
b) Grade weight: Number of students enrolled in the grade divided by the number of participating students with
non-missing oral health status data
c) Ethnicity post-stratification factor Post-stratification weights were used to adjust the sample to represent the
same ethnicity distribution found in California as a whole. In the preschool sample, weights were adjusted to
represent ethnicity distribution of Head Start and non-Head Start facilities in California separately.
It should be noted that economic factors were not used for sample selection or for weighting the data.
Equipment and Software

Initial analyses for sample selection were performed on an IBM 486 personal computer using SAS/PC
(Statistical Analysis System Institute Inc, SAS Campus Drive, Cary, North Carolina). Final data analyses were
performed both on the IBM 486 and on an IBM mainframe using both SAS and PC CARP (PC CARP.
Statistical Laboratory. Iowa State University, Ames, IA. June 1989).
Mean and Standard Error Estinurrion

Means were estimated using the Ratio Estimator (Cochran, W: Sampling Techniques. John Wiley & Sons;
(1977). pp 317-318; Kish, L.. Statistical Design for Research.) Standard errors were calculated using the Taylor
series expansion approach as performed by PC CARP.
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Of the almost 1 million children aged 3-4 years in California, about half attended licensed day care centers or
preschools. One of every 8 preschoolers was in a Head Start program. Whereas the majority of Head Start
preschoolers are Latino, there is no majority ethnic group of children in other preschools or elementary or high
schools in California. The largest ethnic group in these schools is White, except for continuation high schools
where the largest ethnic group is Latino.
About 1 of every 5 children live in families considered to be below the Federal Poverty Level, and are thus
eligible for Medi-Cal benefits (Medicaid) including Denti-Cal coverage for dental care. An additional 1 of every 5
children live in families considered to be below 200% of the Federal Poverty Level, and are thus eligible for the
California Child Health and Disability Prevention (CHDP) program (California's Early and Periodic Screening,
Diagnosis, and Treatment (EPSDT) program). Of the 32 million Californians of all ages, 55-60% have private
dental insurance, and 5.1 million are covered by Denti-Cal, including 2.8 million children under 21 years of age.
California has 5.1 million children (48.4% female) in public schools (grades K-I2) in 4900 elementary schools,
800 high schools, and 447 continuation high schools. There are over 1000 school districts with responsibility
for 7561 total schools including other sites such as middle schools and junior high schools.
The high school attrition rate for students in 10th grade not completing 12th grade is 30.9% (Asian 13.7%;
Pacific Islander 18.2%; Filipino 17.8%; Black 43.9%; Hispanic 42.2%; White 25.1%).
A total of 21.1% of all grade K-12 students are Limited-English-Proficient; 16.2% of all students indicating
Spanish as their primary language. A greater proportion of younger children are Limited-English-Proficient;
29.8% in Kindergartem, 28.5% in grade 1,27.2% in grade 2, and 25.1% in grade 3. In grade 10, 17.3% are
Limited-English-Proficient. (Educational Demographics Unit. Program Evaluation and Research. California

Department of Educcaion. Public School Summary Statistics 1991-92)
California's Children: Number of School Sites, Children, and Ethnic Distribution
Ethnicity

Number of
Children
Head Start Preschools

65,281

Asian

Black

Latino

White

Other

8.5%

17.9%

53.7%

18.9%

1.0%

Other Preschools

443,029

3-4 year-olds (Census 1990)

945,465

9.2%

8.1%

35.9%

45.8%

0.9%

Grade K

428,392

9.3%

8.2%

38.3%

43.5%

0.7%

Grades 1-2

871,713

10.0%

8.5%

37.0%

43.8%

0.7%

Grade 3

420,018

10.6%

8.4%

36.0%

44.3%

0.7%

1,720.123

10.0%

8.4%

37.1%

43.8%

0.7%

370,635

11.9%

8.6%

35.8%

42.8%

0.9%

41,169

7.2%

132%

42.7%

36.0%

0.9%

411,804

11.40/o

9.1%

36.5%

42.1%

0.9%

Grades K-3
Grade 10 (High Schools)
Grade 10 (Continuation High)
Grade 10 (All High Schools)

Grade Schools are Public
Data on ethnicityfor non-Head Stan preschools are unavailable
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Provides findings from the sample population for developing population estimates
Source: Examination Survey, with accompanying questionnaire
Ag.E
PreschooLs

The mean age of the preschool population estimate based on all the survey children was 4.51 years (SE 0.09).

Mean Age of Survey Preschoolers: by Head Start status and region
Elementary Schools

The mean age of the elementary schools population estimate based on all the survey children for grades K, 1-2,
3, and K-3 combined was 5.53 years (SE 0.03); 7.05 years (SE 0.10); 8.60 years (SE 0.03); and 6.89 years (SE
0.13) respectively.

Mean Age of Survey Children: Grades 1(-3
IIII

Grade K

Fluoridated El Urban

• Rural

Grades 1-2

Mean Age of Survey Children in Elementary

0 All

Grade 3
Schols: by

Grades K-3

trade and reeion

High Schools

The mean age of the high schools population estimate based on all the survey students for grades 10 in regular
high schools and continuation high schools was 15.92 years (SE 0.11) and 18.03 years (SE 0.19) respectively.
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SAMPLE

Mean Age of Survey Students:
High Schools
I• Fluoridated

19 —
18—
17 —
16 —
15 —
14

9 Urban

• Rural

0

All

18.03

18.09
••n•

15-67 15.98 15.96 15.92

au—seXii

Regular High

Continuation
High

Mean Age of Survey Students in High Schools: by school type and region
GENDER

The percentage of girls of the population estimate based on all the survey children for preschools, elementary
schools, and regular high schools was 45.1%, 53.8%, and 61.9% respectively.

Preschools: Percentage of Girls in the Survey
I• Fluoridated el Urban

• Rural

0

All

582

Head Start

Non Head Start

Percentage of Girls in the Preschools Pnpulation: by Head Start status and region

Elementary Schools Survey Children:
Percentage of Girls in Grades K-3
IN

Fluoridated M Urban

• Rural

0

All

80
60
Per
40
cent
20
0
Grade K

Grades 1-2

Grade 3

Grades K-3

Percentage of Girls in the Elementary Schools Population: by grade and region
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SAMPLE

High Schools Survey Students:
Percentage of Girls
I• Fluoridated 13 Urban

• Rural

13 All

80
60
per
40
cent
20
0
Regular
High

Continuation
High

rercentage of Girls in the High Schools Population: by school type and region
Brod=la
Head Start

Region

Fluoridated
Urban
Rural
All

Mean
Age (Ins)
4.52
4.72
4.18
4.64

Non Head Start

SEM

Female

Male

0.05
0.04
0.08
0.03

483%
46.6%
58.9%
47.8%

515%
53.4%
41.1%
52.2%

Mean
Age (yrs)
432
433
4.70
430

SEM

Female

Male

0.06
0.12
0.07
0.10

44.1%
45.0%
47.6%
44.9%

55.9%
55.0%
52.4%
55.1%

Elcronagelthola
Region

Fluoridated
Urban
Rural
All

Grade K
Mean
Age (Yrs)
5.94
5.48
5.66
533

SEM

Female

Male

0.15
0.03
0.09
0.03

61.6%
50.2%
59.6%
51.7%

38.4%
49.8%
40.4%
48.3%

Grade 3

Region

Fluoridated
Urban
Rural
All

Grades 1-2
Mean
Age (yrs)
7.01
7.05
7.23
7.05

Mean
Age (Yrs)
839
8.60
8.73
8.60

SEM

Female

Male

0.04
0.11
0.08
0.10

61.7%
52.4%
563%
53.4%

383%
47.6%
43.7%
46.6%

Grades K-3

SEM

Female

Male

0.03
0.04
0.04
0.03

50.8%
59.7%
52.4%
57.6%

49.2%
40.3%
47.6%
42.4%

Mean
Age (yrs)
7.27
6.82
7.21
6.89

SEM

Female

Male

0.18
0.14
0.10
0.13

57.7%
53.1%
56.1%
53.8%

42.3%
46.9%
43.9%
46.2%

High Schools

Regular High Schools

Region
Mean
Fluoridated
Urban
Rural
All

Continuation High Schools

Age (yrs)

SEM

Female

Male

15.67
15.98
15.96
15.92

0.09
0.14
0.06
0.11

70.6%
60.2%
58.8%
61.9%

29.4%
39.8%
41.2%
38.1%
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Mean

Female
Male
SEM (yrs)
Age
18.03
18.03

0.19

48.1%

0.19

48.1%

51.9%
51.9%
17
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abikilaa
The largest ethnic group of all survey participants was Latino, except for non Head Start preschools.
PRESCHOOLS
Distribution (%) of Survey Participants
I• Head Start Preschools CI Other Preschools
49.7

50—

36.4

40—
per

30—
15.1

cent 20—
10 —

18.5
10.6

7.7

Asian

Latino

Black

White

Other

Percentage of Preschool Survey Participants: by ethnicity and Head Start status

ELEMENTARY SCHOOLS
Distribution (%) of Survey Participants
II Grade K I Grades 1-2 In Grade 3 I
38.1

40—

34.4 34.3
25.3 261

30
per

cent

22.9

20 15.2 14.2 15.3 152 139 14

10

0
Asian

Black

Latino

White

Other

Percentage of Elementary School Survey Participants: by ethnicity and_zrade

HIGH SCHOOLS
Distribution (%) of Survey Participants
IMI Grade 10 (High Schools)

per

60,
50—
40—

03 —
cent 20—

I Grade 10 (Continuation

Highi

58.5

26.1

10— 14.-:m
0
Asian

18 7 145
'

11,9 145

Black

7.1

Latino

White

79

Other

Percentage of High School Survey Participants: by ethnicity and school type
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Survey Sample: Number of Schools, Children Examined and Ethnic Distribution
Survey Sample
Head Stan Preschools
Other Preschools

Number
Schools Children
44
1530
40
1119

Asian
153
169

Black
283
148

Ethnicity
Latino
761
277

White
215
407

Other
118
118

All Preschools

84

2649

322

431

1038

622

236

GradeK
Grades 1-2
Grade 3

32
32
32

1059
1312
863

161
193
136

168
182
121

404
451
296

221
332
225

105
154
85

Grades K-3

32

3234

490

471

1151

778

344

Grade 10 (High Schools)
Grade 10 (Continuation High)

30
10

745
164

209
7

89
24

255
96

139
24

53
13

Grade 10 (All High Schools)

40

909

216

113

351

163

66

156

6792

1028

1015

2540

1563

646

All ages

Survey Sample: Ethnic Distribution
Survey Sample

Ethnicity (percentage)
Latino
White
49.7
14.1
24.7
36.4

Asian
10.0
15.1

Black
18.5
13.2

All Preschools

12.2

16.3

39.2

GradeK
Grades 1-2
Grade 3

15.2
14.7
15.8

15.9
13.9
14.0

Grades K-3

15.1

Grade 10 (High Schools)
Grade 10 (Continuation High)

Other
7.7
10.6

Total
100
100

23.5

8.9

100

38.1
34.4
34.3

20.9
25.3
26.1

9.9
11.7
9.8

100
100
100

14.6

35.6

24.1

10.6

100

28.1
4.3

11.9
14.6

34.2
58.5

18.7
14.6

7.1
7.9

100
100

Grade 10 (All High Schools)

23.8

12.4

38.6

17.9

7.3

100

All ages

15.1

14.9

37.4

23.0

9.5

100

Head Start Preschoob
Other Preschools

QUESTIONNAIRE RESPONDENT
(For those who answered this question)
Preschool

High School

Ntrnber

Percent

Number

Percent

Water

Percent

Mother

1950

853

2377

80.7

508

62.8

Father

245

10.7

415

14.1

203

25.1

Female Guardian

82

3.6

128

4.3

56

6.9

Male Guardian

10

0.4

25

0.8

42

5.2

2287

100.0

2945

100.0

809

100.0

Total
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SOCIO-ECONOMIC STATUS
Parent Education

Educational attainment of the parent/guardian answering the questionnaire
on behalf of the child.
(For those who answered this question)
Elementary

Preschool

High School

Number

Pa-cent

Did not graduate from High School

690

28.1

824

28.2

315

37.5

High School Graduate

965

39.4

1150

39.4

250

29.8

College educated

414

16.9

580

19.9

133

15.9

College Graduate

383

15.6

367

12.6

141

16.8

2452

100.0

2921

100.0

839

100.0

Total

a
Numb
Pavan

Numb
a
Percent

Family Income

What was your family's gross annual income before taxes last year?
(For those who answered this question)
Preschool

Elementary

High School

Number

Percan

Number

Pavan

Number

Percent

Less than $10,000

943

43.8

908

34.2

188

30.6

$10,001-$19,000

482

22.4

651

24.5

147

23.9

$19,001-$24,000

135

6.3

194

7.3

45

7.3

$24,001-$29,000

146

6.8

, 286

10.8

59

9.6

$29,001-$34,000

58

2.7

138

5.2

28

4.6

$34,001-$39,000

28

1.3

86

3.2

28

4.6

$39,001-$44,000

58

2.7

97

3.7

21

3.4

$44,001-$49.000

23

1.1

65

2.5

15

2.4

S49,001-$54.000

37

1.7

61

2.3

15

2.4

$54.001-$60,000

43

2.0

51

1.9

15

2.4

$60.000-$74.999

58

2.7

68

2.6

18

2.9

$75,000-$99,999

78

3.6

27

1.0

21

3.4

$100,000-$124,999

36

1.7

13

0.5

6

1.0

more than $125,000

30

1.4

7

0.3

9

1.5

2155

100.0

2652

100.0

615

100.0

Total
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amiLY_Sizg

How many members of your family including yourself live in this home?
(For those who answered this question)
Preschool
Family Size

Elementary

High School

Number

Perron

Number

Percent

Number

Percent

2

191

7.6

139

4.5

64

7.3

3

503

20.1

438

14.3

144

163

4

784

31.3

893

29.1

209

23.9

5

485

19.4

751

245

202

23.1

6

298

11.9

462

15.0

130

14.9

7

121

4.8

202

6.6

61

7.0

8

66

2.6

102

3.3

33

3.8

9 or more

55

2.2

84

2.7

30

3.4

2503

100.0

3071

100.0

873

100.0

Total
Poverty

For those who responded to the income and family size questions, children were classified as either below or
above 200% of the Federal poverty level (Federal Register February 12, 1993). For example, the 200% Federal
Poverty Level for a family of 4 persons was a family's gross annual income before taxes of $28,700.
((For whom <200% of Poverty is determined))
Preschool

Elementary

High School

Member

Pero=

Number

Percent

Number

Percent

Below 200% of Poverty

1582

70.1

2065

79.1

433

72.2

Above 200% of Poverty

675

29.9

546

20.9

167

27.8

2257

100.0

2611

100.0

600

100.0

Total

Type Of Family
Never Married/Seperated/Divorced
Single Parent Family
Two Parent Family
Married/Never Married
Extended Parent Family.. With Other Relative (Grandparent/Aunt/Uncle)
(For those who answered this question)
Preschool

Single Parent Family
Two Parent Family
Extended Parent Family
Total

DRAFT: 10118194: HP:

oa)

Elementary

High School

Mamba

Percent

Number

Percent

Number

Percent

884

37.8

950

32.1

253

30.4

1347

57.6

1834

62.0

501

60.2

106

45

173

5.9

78

9.4

2337

100.0

2957

100.0

832

100.0
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DENTAL INSURANCE COVERAGE
Medi-Cal (California's Medicaid) benefits are generally available to children aged 1-6 years in families where the
annual income is at 133% of the Federal Poverty Level; for children aged 6-19 years these benefits are available
where the income is at the 100% Federal Poverty Level. Benefits for other children in families where the annual
income is under 200% of the Federal Poverty Level are available under the Child Health and Disability
Prevention (CHDP) program.
(For those who answered this question)
Elementary

Preschool
Dental Insurance

High School

Number

Percent

Number

Percau

Number

Percent

1235

493

1256

41.3

223

263

Private

519

20.7

809

26.6

238

28.1

Military

17

0.7

53

1.7

11

1.3

Other

121

4.8

100

3.3

39

4.6

None

612

24.4

823

27.1

336

39.7

Total

2504

100.0

3041

100.0

847

100.0

Medi-Cal

Economic Status of Sample Children's Families and Dental Insurance Coverage
(For whom <200% of Poverty is determined)
Survey Sample

Denial Insurance

Economic Status

Head Start Preschools
sample percent
Population Estimate %

Poor Non Food Medi-Cal
1139
371
96.8%
3.2%1
65.5%
96.6%
3.4%1

Non Head Start Preschools
sample percent
Population Estimate %

514
54.4%
40.3%

All Preschools
sample percent
Population Estimate %

Private Military

Other

6.8%

0.9%

5.0%

21.8%

18.1%

49.6%

0.8%

5.3%

26.1%

1582
70.1%
43.0%

431
45.6%
59.7%1
1
6751
29.9%,
57.0%1

1235
49.3%
20.6%

519
20.7%
47.4%

17
0.7%
0.8%

121
4.8%
53%

612
24.4%
25.9%

Grades K-3
sample percent
Population Estimate %

2065
79.1%
71.8%

5461
20.9%1
28.2%1

1256
413%
34.5%

809
26.6%
31.0%

53
1.7%
2.8%

100
33%
4.0%

823
27.1%
27.6%

Grade 10 (All High Schools)
sample percent
Population Estimate %

433
72.2%
50.1%

167
27.8%
49.9%

223
26.3%
10.3%

238
28.1%
40.1%

11
1.3%
0.6%

39
4.6%
53%

336
39.7%
43.7%

Poor: <200% of Poverty

The sample percentage and population estimate percentage differ due to weighting of the sample participants to
represent the larger population from which they were selected.
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Lifetime Residency

As expected there were fewer children who had lived all their lives in the same town or city (lifetime residents)
as their age increased. About three-quarters of the preschoolers, two-thirds of the elementary school children, and
less than half of the high school students were lifetime residents. An additional 15% of elementary and high
school students had lived in the same town or city all their lives except for up to 2 years.

LIFETIME RESIDENCY
I• All Preschools 111Grades K-3

• All High Schools

782
04.8

'

60-

'

per
cent
4°20-

-.

•

...

439
234
142

•

20.6

14.8

=ME

I

_

-

Except
for up to 2 years

Lifetime

Other

Distribution (%1 of Sample by Lifetime Residency

Eacts2Lath
A similar pattern was seen for place of birth, with 88% and 79% of preschoolers and elementary school children
having been born in California. Of the high school students, 11% were born in the USA outside of California
and 41% were foreign born.

PLACE OF BIRTH
I•
100—
80—
per 60
cent 40—
20—

All Preschools

88.4

a Grades K-3

• All High Schools'

793
48.8

40.7

5.3 is 10.7
California

USA (not
California)

Foreign

Distribution (%1 of Sample by Place of Birth
Percentage of Sample by Place of Birth and Lifetime Residency
(For those who answered this question)

All Preschools
Grades K-3
All High Schools

DRAFT: 10I1 84: HP: 0111

California
88.4
79.3
48.6

Place of Birth
USA (not
California)
5.3
7.8
10.7

Foreign
6.3
12.9
40.7

Lifetime
76.6
64.6
42.0

Lifetime Resident
Except for up
to 2 years

Other

14.9
14.8

23.4
20.5
43.3
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BBTD

OBJECTIVES
BARN BOTTLE TOOTII DECAY FEEDING PRACTICES

Healthy People 2000 Objective
(Oral Health 13.11)
(Nutrition 2.12)

Increase to at least 75% the percenta ge of parents and caregivers who use
feeding practices that prevent Baby Bottle Tooth Decay (BBTD), and to
at least 65% the percentage of parents and caregivers with less than high
school education who use feedin g practices that prevent BBTD.

Data Source

Examination survey: preschool questionnaire.

Methods

In this survey three questions were asked on feedin g practices that would prevent BBTD.

gesults Only 68.1% of parents/guardians (and 48.7% of parents/ guardians with less than high school
education) indicated that their child is never given a pacifier dipped in a sweet substance or
-has a su gary or sweet liquid in a bottle either to help the child go to sleep, or when the child is
crying, irritable or hungry.
Additionally, 8.3% of parents/guardians (and 13.3% of parents/guardians with less than high
school education) indicated that their child, when 1-year-old, went to sleep or took a nap with
a sweet liquid in bottle or with a pacifier dipped in a sweet substance. Similarly, 7.2% of
parents/guardians (and 10.7% of parents/guardians with less than high school education)
indicated that it currently took place.
Conclus ion The percentage of parents/ guardians who use feeding practices that prevent Baby Bottle Tooth
Decay (BB'TD) FALLS SHORT of the Healthy People 2000 Objective. An action plan is
needed to meet this objective and should be targeted to parents with less than college
education throughout California and to all parents in rural communities.

Feeding Practices that Prevent BBTD:
Never Use Sweets
• Less than High InHigh School
School

Graduate

Fluoridated

• Some College or I:1 All Parents
Graduate

Urban

Rural

All Regions

Percentage of Parents who never use sweets to pacify their child: 113 region and parent education
Never Use Sweets:

Child is never Oven a pacifier dipped in a sweet substance or has a sugary or sweet liquid
in a bottle to help the child go to sleep, or when the child is crying or irritable or hungry.

BBTD Prevalence
The oral examinations conducted for this survey found that 13.9% of all preschool children have had some Baby
Bottle Tooth Decay (1- primary maxillary incisor decayed. extracted, or tilled teeth: mideft); hence 86.1% of
preschool children have no evidence of havin g had Baby Bottle Tooth Decay (zero midefo. There was a greater
percenta ge of Head Start children with Baby Bottle Tooth Deca y (33.0% ) compared to non Head Start
preschoolers (12.9%). On average, there were 0.36 decayed, extracted, or tilled primarv maxillary incisor teeth
(mideft) per preschool child including those with no BBTD. The prevalence tot Head Start children was a mean
of 0.81 mideft, and 0.33 mitten for non Head Stan children. (See the Preschools Report for further details on
BBTD prevalence.)
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Feeding Practices that Prevent BBTD:
Never or Rarely Use Sweets
• Less than High 0 High School
School
Graduate

• Some College or 0 All Parents
Graduate

Rural

Urban

Fluoridated

All Regions

Percentage of Parents who never or rarely use sweets to pacify their child;
by region and parent education
Never or Rarely Use Sweets: Child is never or rarely given a pacifier dipped in a sweet substance or has a
sugary or sweet liquid in a bottle to help the child go to sleep, or when the child
is crying or irritable or hungry

Feeding Practices that Prevent BBTD:
All Preschoolers
I•

Asian El Black • Latino 0 White

No sweet in Bottle
now

No sweet in Bottle
at 1 year

0 All

No Sweets

Ethnic differences in percentage of parents who tp.e caries preventive feeding practices
No sweet in Bottle Child did not go to sleep with sweet liquid in bottle or with a pacifier dipped in a sweet
substance when 1-year-old
at 1 Year:
No sweet in Bottle Child does not go to sleep with sweet liquid in bottle or with a pacifier dipped in a sweet
substance now
Now:
Child is never given a pacifier dipped in a sweet substance or has a sugary or sweet liquid
in bottle to help the child go to sleep. or when the child is crying or irritable or hungry

No Sweets:

All Parents
Child's Ethnicity
Asian
Black
Latino
White
All
DRAFT: 10!18/94: HP: 0(1.1

No sweet in Bottle
at 1 Year
84.7
92.5
89.2
95.6
91.7

No sweet in Bottle
Now
79.1
96.1
97.4
95.7
92.8

No Sweets

62.3
66.2
57.1
79.7
68.1
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OBJECTIVES

Feeding Practices that Prevent BBTD:
All Preschoolers
• Head Start

0 Non-Head Start • All Preschools

Percentage of parents who use caries Preventive feeding practices by Head Start status
All Parents
No sweet in Bottle
Now

No Sweets

Head Start
Non-Head Start

No sweet in
Bottle
at 1 Year
84.9
92.1

90.1
92.9

52.6
69.0

All Preschools

91.7

92.8

68.1

Feeding Practices that Prevent BBTD:
Parent who did not graduate from high school
• Fluoridated U Urban

• Rural

0 All Regions

per 65
cent
0
No sweet in Bottle
at 1 year

No sweet in Bottle
Mgt

No Sweets

Percentage of parents who did notaraduate from high school
who use caries preventive feeding practices : ky region
Parents with Less than

Fluoridated
Urban
Rural
All Regions
DRAFT: 10 , 18194 HP. OBJ

No sweet in Bottle
at 1 Year
71.8
91.6
76.9
86.7

High School Education
No sweet in Bottle
Now
80.5
91.0
91.6
89.3

No Sweets

47.4
50.1
41.5
48.7
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OBJECTIVES

FLUORIDES

TOPICAL AND SYSTEMIC FLUORIDE USE (PRESCHOOLS)

Healthy People 2000 Objective
(Oral Health 13.10)

Increase use of professionally or self-administered topical or systemic
(dietary) fluorides to at least 85% of people not receiving optitnally
fluoridated public water.

Data Source

Examination survey: preschool questionnaire.

Methods

In this survey six questions were asked about use of toothpaste and fluoride supplements; only
self-administered topical or systemic fluorides were assessed. Topical fluoride use was
restricted to fluoride toothpaste in the preschool population.

Results

Only 29.5% of children living in non-fluoridated urban communities and 29.2% of children
living in rural communities are currently taking systemic fluoride supplements.
Additionally. 82.4% of children living in non-fluoridated urban communities and 82.8% of
children living in rural communities are currently usin g fluoride toothpaste.

Conclusion The percentage of preschoolers not receiving optimally fluoridated public Water who use selfadministered topical or systemic (dietary) fluorides FALLS SHORT of the Healthy People
2000 Objective. An action plan is needed to meet this objective, particularly the use of
systemic dietary fluoride supplements, and should be targeted to parents of preschoolers not
receiving optimally fluoridated public water in California.

Use of Topical or Systemic Fluoride:
Preschools
I• ToothpasteSupplements1
M
85
per
cent

0
Fluoridated

Urban

Rural

All

Percentage of Preschool children who use fluoride toothpaste and fluoride supplements: h) region
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Use of Topical or Systemic Fluoride:
Preschools

Percentage of children currently using topical or systemic fluoride: by region and Head Start status

Use of Topical or Systemic Fluoride: Preschools
IIN Asian B Black • Latino 0 White Di All

Toothpaste

Supplements

Head Start

Toothpaste

Supplements

Non Head Start

Percentage of children living in urban nun-fluoridated communities
currently using topical or systemic fluoride: b) ethnicity and Head Start status
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FLUORIDES

"11111(:Al . AND SYSTEMIC I: EA:PRIM:, USY (ELEMENTARY SCHOOLS)
Healthy People 2000 Objective
(Oral Health 13.10)

Increase use of professionally or self-administered topical or systemic
(dietary) fluorides to at least 85% of people not receiving optimally
fluoridated public water.

Data Source

Examination survey: elementary school questionnaire.

Methods

In this survey six questions were asked on use of toothpaste and fluoride supplements; two
more questions were asked to determine if the child used a fluoride mouthrinse at school or at
home. •

Results

Only 12.2% of children in erodes K-3 living in non-fluoridated urban communities and 11.6%
of children living in ruml communities are currently toting systemic fluoride supplements.
Fluoride mouthrinse is being used at school by 14.2% of erodes K-3 children living in nonfluoridated urban communities and 8.7% living in rural communities.
fluoride mouthrinse is being used at home by 14.3% of grades K-3 children livinu in nonfluoridated urban communities and 13.9% living in rural communities.
Additionally, 87.0% of children in grades K-3 living in non-fluoridated urban communities
and 84.5% of children living in rural communities are currently usin g topical fluoride as
fluoride toothpaste.

Conclusion The percentage of elementary schoolchildren not receiving optimally fluoridated public water
who use self-administered topical fluorides MEETS the Healthy People 2000 Objective.
However, the percentage of elementary schoolchildren not receiving optimally fluoridated
public water who use self-administered systemic (dietary) fluorides FALLS SHORT of the
Healthy People 2000 Objective. An action plan is needed to meet this objective, particularly
the use of systemic dietary fluoride supplements, and should be targeted to parents of
elementary schoolchildren not receiving optimally fluoridated public water in California.

Use of Topical or Systemic Fluoride:
Elementary Schools
I• Fluoridated • Urban

86.3 87 84.586k

• Rural

0 All

Healthy People 2000 Objective

24 1

Toothpaste

Supplements

School Rinse

Home Rinse

.Percentage of Elementary School children lprade c 1:-3) who use fluoride toothpaste. fluoride
supplements. and fluoride mouthrinse at school or at home; v region
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Use of Topical or Systemic Fluoride:
Elementary Schools
• Grade K

86.6

• Grades 1-2 • Grade 3

872 86.8 86.9

0 All

Healthy People 2000 Objective

85
per
cent

Toothpaste
Supplements
School Rinse
Home Rinse
Percentage of Elementary School children who use fluoride toothpaste, fluoride supplements and
fluoride mouthrinse at school or at home; by grade

Percentage of all Elementary School children currently using topical or systemic fluoride; by region
Reeion

Grades 1- 1

Grade K

Grade 3

Grades K-3

F Toothpaste

Systemic F

F Toothpnate

Systemic F

F Toothportte

Systemic F

F Tcothpaste

Fluoridated
Urban

81.2
87.4

8.5
12.0

86.9
87.2

7.0
10.5

90.2
85.9

2.7
15.9

86.3
87.0

Rural

84.6

17.8

83.6

10.3

86.0

7.7

843

11.6

All

86.6

11.7

87.2

10.1

86.8

13.0

86.9

11.3

Systemic F

5.9
12.2

Percentage of all Elementary School children currently using fluoride mouthrinse at school or at home;
by region
Reizion
Fluoridated
Urban
Rural

Grade K

Grades 1 - 2

Grades K-3

Grade 3

S.:hool Rinse

Horne Rinse

Sciaool Rinse

Home Rime

School Rinse

He Rime

Szhool Rime

11.6
4.0

23.4
9.6

14.1
18.3

22.4

24.1

14.2

14.3

7.8
11.3

7.1
17.7

15.5
16.1

26.1
19.8
17.3
21.,

9.8

6.4
5.0

5.2
27.1
13.1
18.7

8.7
13.5

13.9
15.6

All
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OBJECTIVES

FLUORIDES

ToricA LA NI) SYSTOlityuptu
Healthy People 2000 Objective
(Oral Health 13.10)

on(,ii scnooi.$)

Increase use of professionally or self-administered topical or systemic
(dietary) fluorides to at least 85% of people not receivine optimally
fluoridated public water.

Data Source

Examination survey: high school questionnaire.

Methods

In this survey five questions were asked on use of toothpaste and fluoride supplements; two
more questions were asked to determine if the student used a fluoride mouthrinse at school or
at home..

Results

Only 18.0% of students in grade 10 living in non-fluoridated urban communities and 20.6% of
students livin g in rural communities have taken .systemic fluoride supplements.
fluoride mouthrinse has been used at school by 6.7% of grade 10 students living in non-

fluoridated urban communities and 34.5% livin g in rural communities.
Fluoride mouthrinse is being used at home by 28.5% of grade 10 students living in nonfluoridated urban communities and 28.4% livin g in rural communities.
Additionally, 953% of grade 10 students living in non-fluoridated urban communities and
89.6% of children living in rural communities are currently using topical fluoride as fluoride
toothpaste.

Conclusion The percentage of hi gh school students not receivine optimally fluoridated public water who
use self-administered topical fluorides EXCEEDS the Healthy People 2000 Objective.
However, the percentage of high school students not receiving optimally fluoridated public
water who have used self-administered systemic (dietary) fluorides FALLS SHORT of the
Healthy People 2000 Objective. An action plan is needed to meet this objective, particularly
the use of systemic dietary fluoride supplements, and should be targeted to parents of all
children and those responsible for the health of school children not receiving optimally
fluoridated public water in California.
Use of Topical or Systemic Fluoride:

All High Schools
I• Fluoridated • Urban
91 .7

95.5

asks

0 All

• Rural

94 7

Healthy People 2000 Objective

85
per
cent

345

24.6 2854 27.9
2" 16.8
102

F Toothpaste

Systemic F

10.3

School Rinse

Home Rinse

Percentage of High School student% %Ow now use fluoride toothpaste and fluoride mouthrinst at home,
gnd have used fluoride supplements and fluoride mouthrinse at school; bl region
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FLUORIDES

OBJECTIVES

FLUORIDE USE: Grade
• Asian

87.3

901

El

10

in Regular High Schools

Black • Latino 0 White

All

95597.1 94.9
Objective

85
per
cent

30.8 32.1 3,2

26.6

21

13.8

10.4

7.1
7
MEM=

0

18.8
6.8

10

Home Rinse

School Rinse

Systemic

Toothpaste

11.4

2B

Percentage of Regular High School students in grade 10 who now use fluoride toothpaste or fluoride
niouthrinse at home. and have used fluoride supplements or fluoride mouthrinse at school: b_y ethnicity

FLUORIDE USE: HIGH SCHOOLS
I• Regular High Schools
94 '9

D Continuation High Schools

89.7

Per
cent
Toothpaste Supplements School Rinse Home Rinse

Percentage of High School students who no" use fluoride toothpaste or fluoride mouthrinse at home. and
have used fluoride supplements or fluoride mnuthrinse at school: tly region
Percentage of RH High School students
currently using fluoride toothpaste andlor who have taken systemic fluoride; by region
Region
Fluoridated
Urban
Rural
All

High Schools
F Toothpaste
91.7
95.7
89.6
94.9

Systemic F
10.2
18.3
20.6
16.9

Continuation Hi gh Schools
F Toothpaste

Systemic F

89.7

13.1

89.7

13.2

Percentage of !Ugh School ctudents
current') using fluoride mouthrinse al home or who used fluoride rinsesat school; h region
Region
Fluoridated
Urban
Rttral
All
DRAFT: 10/18P94: HP. OBJ

Hieh Schools

Continuation Hieh Schools

School Rinse Home Rinse School Rinse Home Rinse
24.6
24.5
23.1
21.4
28.8
6.1
28.4
34.5
' 23.1
21.4
10.0
28.0

9

OBJECTIVES

DENTAL VISITS

1)ENTA I, N'ISITS
Healthy People 2000 Objective
(Oral Health 13.12)

(PRESCHOOLS)

Increase to at least 90% the percenta ge of all children entering school
programs for the first time who have received an oral health screening.
referral, and follow-up for necessary dia gnostic. preventive, and
treatment services. School pro grams include Head Start. prekindergarten,
kindergarten, and first grade.

Data Source

Examination survey: preschool questionnaire.

Methods

In this survey parents/guardians were asked: "About how long has it been since this child last
went to the dentist?"

Results

Only 55.7% of parents/guardians indicated that their child had visited a dentist.
Whereas 54.9% of children in non Head Start preschools had previously visited a dentist,
69.2% of Head Start children had.
There is a wide ranee of dentist utilization among groups identified by ethnicity and region;
from a high of 96.6% (Asian children in non-fluoridated urban Head Start preschools) to a
low of 39.3% (Latino children in rural Non-Head Start preschools).

Conclusion The percenta ge of preschoolers who have been to a dentist FALLS SHORT of the Healthy
People 2000 Objective. An action plan is needed to meet this objective and should be targeted
to parents of all preschool children in California.

Preschoolers with a dental visit
•Head Start

90

• Non Head Start • All Preschools

Healthy People 2000 Objective
4.9
63.8 64.3

69.2

67
93.9

per
cent

.9

54.6

55.7

47.3
40.8

0
Fluoridated

Urban

Rural

All Regions

Percentage of all Preschool children who have visited a dentist: hv region and head Start status
Percentage of all Head Start and Non Head Start children who have visited a dentist: by region

Fluoridated

Urban
Rural
All Regions
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Head Start
74.9
67.0
81.6
69.2

Non Head Start
63.8
53.9
40.8
54.9

All Preschools
64.3
54.6
47.3
55.7
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DENTAL VISITS

OBJECTIVES

Preschoolers with a dental visit
• Asian II Black • Latino 0 White 0 All

Percentage of Preschool children who have visited a dentist: by Head Start status and ethnicity
Asian
Black
Latino
White
All

DRAFT. 1018/94 HP. OBJ

Head Start
94.2
65.6
69.6
61.4
69.2

Non Head Start
46.6
53.0
52.9
58.7
54.9

All Preschools
48.7
54.3
54.2
58.8
55.7
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OBJECTIVES

DENTAL VISITS

I )1:; n_]:)11. VISI TS (/..1./111/..W1A

RYSCHOOLS)

Increase to at least 90% the percenta g e of all children entering school
pro g rams for the first time who have received an oral health screening.
referral, and follow-up for necessary diagnostic, preventive, and
treatment services. School pro g rams include Head Start. prekindergarten.
kinder g arten, and first grade.

Healthy People 2000 Objective
(Oral Health 13.12)

Data Source

Examination survey: elementary school questionnaire.

Methods

In this survey parents/guardians were asked: "About how long has it been since this child last
went to the dentist?"

Results

Only 70.4% of parents/guardians indicated that their child in grade K had visited a dentist. For
grade 1 children, 76.8% have visited a dentist.
There is a wide ran g e of dentist utilization among groups identified by ethnicity and region;
from a high of 87.1% (Asian children in g rade 1 in non-fluoridated urban schools) to a low of
59.4% (Latino children in grade K in non-fluoridated urban areas).

Conclusion The percenta g e of grade K-1 children who have been to a dentist FALLS SHORT of the
Healthy People 2000 Objective. An action plan is needed to meet this objective and should be
tar geted to parents of all children enterin g school pro grams for the first time in California.

Children who have visited a dentist
• Grade K • Grade 1

Objective

86.6

90

per
cent

Black
Latino
Percentage of all children who have visited a

White

Asian

Asian
Black
Latino
White
All
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All

dentist: h n eihnicit) and grade

&mit. K

Grade I

Grade 2

Grade 3

Grades K-3

72.1
69.7
61.6

86.6
75.1
67.0

94.3
83.1

91.7
87.8

76.7
70.4

83.6
76.8

78.8
83.6
83.1

87.0
89.9
88.9

85.4
76.8
72.1
82.5
78.7
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OBJECTIVES

Children who have visited a dentist
I• Grade K • Grade 1

Healthy People 2000 Objective

90

76.8

76
89.3

65.7

70.3

70.4

per
cent

Rural
Fluoridated
Urban
All Regions
rercentage of Elementary School children who have been to a dentist: by region and grade

Fluoridated
Urban
Rural
All Regions
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Grade 1

Grade 2

Grade 3

Grades K-3

78.5
69.3
65.7
70.4

84.0
76.0
70.3
76.8

92.0
82.3
73.7
83.1

90.8
88.5
83.4
88.9

85.9
77.6
73.5
78.7
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OBJECTIVES

DENTAL CARIES

VI \ I. (

/

1// \ IR) 1( ///)0/ 1)

Healthy People 2000 Objectives
(Oral Health 13.1)

1. Reduce dental caries so that the percentage of children with one or
more carious lesions (in permanent or primary teeth) is no more than
35% among children aged 6 through 8, no more than 45% among
children aged 6-8 whose parents have less than a high school education,
and no more than 40% among Black children aged 6-8.

(Oral Health 13.2)

2. Reduce untreated dental caries (cavities) so that the percentage of
children with untreated dental caries (in permanent or primary teeth) is
no more than 20% among children aged 6 through 8, no more than 30%
among children aged 6-8 whose parents have less than a high school
education, no more than 25% among Black children aged 6-8, and no
more than 25% among Hispanic children aged 6-8.

Data Source

Examination survey

Methods

Each child in grades K-3 was screened by a trained dentist.

Beath§

Of children aged 6 through 8,73.5% have one or more carious lesions (in permanent or
primary teeth). Of children aged 6 through 8, whose parents have less than a high school
education. 85.8% have one or more carious lesions; of African American children aged 6
through 8,70.3% have one or more carious lesions.
Of children aged 6 through 8,55.0% have untreated dental caries (in permanent or primary
teeth). Of children aged 6 through 8, whose parents have less than a high school education,
69.0% have untreated dental caries; 59.8% of African American children aged 6 through 8
have untreated dental caries; and 663% of Latino children aged 6 through 8 have untreated
dental caries
Reber analysis of the dental caries data of the 6-8 year-old group of children by region and
educational attainment of parents/guardians shows that those in the fluoridated regions have
less dental caries experience and less untreated decay. The data show a lower caries
prevalence for those children whose parents/guardians have had more years of formal
education.

Conclusion The findings FALL SHORT of the Healthy People 2000 Objective on dental caries for 6-8year-olds. An action plan is needed to meet this objective and should be targeted to all
children aged 6-8 years and younger in California.
Exceeds/Falls Short
of Objective

Ethnicity

Parent Education

1. Carious Lesions

All

All

Falls Short

2. Carious Lesions

All

Less than High School

Falls Short

3. Carious Lesions

Black

All

Falls Short

4. Untreated Caries

All

All

Falls Short

5. Untreated Caries

All

Less than High School

Falls Short

6. Untreated Caries

Black

All

Falls Short

7. Untreated Caries

Hispanic

All

Falls Short
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DENTAL CARIES:
• Carious Lesions • Objective

100 90 80 70 60 50 4o 30 20 10 o

6-8

YEAR-OLDS

MI Untreated Caries 0 Objective

85.8

83.9
66.3

All Children

Black Children

Parent did not graduate
high school

Hispanic Children

Percentage of children. aged 6 through 8 years. with one or more carious lesion
jn permanent and or primary teeth: by Healthy People Objectives For The Year 2000

DENTAL CARIES: 6-8-YEAR-OLDS
I• Fluoridated El Urban

• Rural

0 All

100 —
80-.-

75.9

58.6

6
per 60—

ss

cent 40 —
200
14- decayed and
tilled teeth

1 4- decayed
teeth (dt+DT)

(dft+DMFT)

Percentage of children. aged 6 through 8 years. % n ith one or more canons
in permanent andior primary teeth: by region
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OBJECTIVES

DENTAL CARIES

DENTAL CARIES: 6-8-YEAR-OLDS
• Less than
High School
0 All

100 —

0 High School • Some College
Graduate
or Graduate
Ei Objective
2000

85.8

80 —

per 60 —
cent 40 —
20 —

1+ decayed teeth

1+ decayed and
tilled teeth
(dtt+DMFT)

(at+DT)

Percentage of 6-8-year-olds with one or more carious lesions
in permanent andlor primary teeth: by parent education status

Percentage of 6-8-year-old children with:
Decayed and filled teeth (1 + dfi / DMFT)

California 1993-94

U.S. (1986-87)

2000 Objective

73%

53%

355

. 86%
70%
84%
90%

70%
61%
-

455

California 1993-94

U.S. (1986-87)

2000 Objective

55%

27%*

20%

69%
60%
66%
71%

43%**
38%*
36%***

30%
25%
25%
-

All 6-8-year-old children
Children aced 6-8 years whose parents
have less than a high school education
Black 6-8-year-old children
Latino / Hispanic 6-8-year-old children
Asian 6-8-year-old children
- Not included in Healthy People 20(Y) Objectives
Decayed teeth (1+ dr
All 6-8-year-old children
Children aced 6-8 years whose parents
have less than a hi gh school education
Black 6-8-year-old children
Latino / Hispanic 6-S-year-old children
Asian 6-8-year-old children
***19M2-84 data

40%

- Not specified in Healthy People 2000 Objectives
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OBJECTIVES

DENTAL CARIES

DI'Vl I.(

Wild/ V //1)(11 s)

Healthy People 2000 Objectives
(Oral Health 13.1)

1. Reduce dental caries so that the percentage of adolescents with one or
more carious lesions is no more than 60% among adolescents aged 15.

(Oral Health 13.2)

2. Reduce untreated dental caries so that the percentage of students with
untreated dental caries is no more than 15% among adolescents aged 15;
no more than 25% among adolescents aged 15 whose parents have less
than a high school education; no more than 20% among Black
adolescents aged 15; and no more than 25% among Hispanic adolescents
aged 15.

Examination survey
Each student in grade 10 was screened by a trained dentist.
Of students aged 15, 71.2% have one or more carious lesions.
Of students aged 15, 44.8% have untreated dental caries. Of students aged 15, whose parents
have less than a high school education, 66.8% have untreated dental caries; 64.9% of African
American students aged 15 have untreated dental caries; and 65.8% of Latino students aged
15 have untreated dental caries
Further analysis of the dental caries data of the 15-year-old group of students by region and
educational attainment of parents/guardians shows that those in the fluoridated regions have
less dental caries experience and less untreated decay. The data show a Iowa caries
prevalence for those students whose parents/guardians have had more years of formal
education.
Conclusion The findings FALL SHORT of the Healthy People 2000 Objective on dental caries for 15year-olds. An action plan is needed to meet this objective and should be targeted to all
students aged 15 years and younger in California.
Exceeds/Falls Short
of Objective

Ethnicity

Parent Education

1. Carious Lesions

All

All

Falls Short

2. Untreated Caries

All

All

Falls Short

3. Untreated Caries

All

Less than High School

Falls Short

4. Untreated Caries

Black

All

Falls Short

5. Untreated Caries

Hispanic

All

Falls Short
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DENTAL CARIES

OBJECTIVES

DENTAL CARIES: 15 YEAR-OLDS
II Carious Lesions El Objective

• Untreated Caries g Objective

100
80
60
ao

20
Parent did not graduate
high school

All Children

Black Children

Hispanic Children

Percentage of 0-year-olds with one or more carious lesions (1+ MUM. and untreated caries (1+ DT);

by Healthy People Objectives For The Year 2000

DENTAL CARIES: 15-YgAR-OLDS
• Fluoridated
9 Urban
80 —

69.3 71.7 712

70 —

• All
0 Objective 2000

60 —

48.3

50 —
per
40 —
cent
30 —
20 —

44.8

10 —
o
1+ Decayed,
Missing, and

1+ Decayed
Teeth

Filled Teeth
Percentage of 0-year-olds uith one or more carious lesions; h) region
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DENTAL CARIES

OBJECTIVES

DENTAL CARIES: 15-YEAR-OLDS
• Less than
High School
OAll

100 —

88.7

E High School • Some College
or Graduate

Graduate
U Objective
2000

81.7

80 —

66.8

per 60 —

44.8

cent 40 —
20 —
1+ Decayed,
Missing, and
Filled Teeth

1+ Decayed
Teeth

Percentage of 15-vear-olds S%ith one or more carious lesions: by parent education status
Percentage of 15-year-old adolescents with:

DMFn

U.S. (1986-87)

2000 Objective

78%

60%

California 1993-94

U.S. (1986-87)

2000 Objective

All 15-year-old adolescents

45%

23%

15%

Adolescents aged 15 years whose parents
have less than a hieh school education
Black 15-year-old adolescents
Latino/ Hispanic 15-year-old adolescents
*1982-84 darn

67%
65%
66%

41%
38%
3147%*

25%

Decayed and filled teeth (I

+

California 1993-94

All 15-year-old adolescents
Adolescents aged 15 years whose parents
have less than a high school education
Black I5-year-old adolescents
Latino / Hispanic 15-year-old adolescents
- Not included in Healthy People 20(X) Objectives
Decayed teeth (1 + In
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71%
89%
86%
81%

20%

25%

OBJECTIVES

DENTAL CARIES

DENTAL CARIES EXPERIENCE:
15-YEAR-OLDS
• Fluoridated El Urban

• All

96.8

Less than
High
School

High
School
Graduate

Some
College or
Graduate

Al

EDUCATIONAL STATUS OF PARENT
Percentav of 15-year-olds with some dental caries experience (1+ DN1FT);
by parent education status, and region

UNTREATED DENTAL CARIES:

15-YEAR-OLDS
I• Fluoridated 0 Urban

Less than
High
School

High
School
Graduate

• All

Some
College or
Graduate

Al

EDUCATIONAL STATUS OF PARENT
Percentage of 15-year-olds with untreated dental caries (1+ DT),
by parent education status. and region
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SEALANTS

OBJECTIVES

SEAt,A. NTS (ELEMENTARY S(.HOOLS)
Healthy People 2000 Objective
(Oral Health 13.8)

Increase to at least 50% the percentage of children who have received
protective sealants on the occlusal (chewin g) surfaces of permanent
molar teeth. (National data (1986-87) showed 11% of children a ged 8
with sealants.)

Data Source

Examination survey

Methods

Each child in grades K-3 was screened by a trained dentist.

Results

Of 8-year-old children, 10.4% have received protective sealants on the occlusal (chewing)
surfaces of permanent molar teeth.
Of all children in grade 3 (mean a ge 8.6 years), 11.5% have received protective sealants on
the occlusal (chewing) surfaces of permanent first molar teeth.
There is a wide ranee of sealant prevalence in 8-year-olds among the groups identified by
poverty, ethnicity and region; from a hi gh of 54.5% (non poor children in fluoridated areas) to
a low of 0.6% (Latino children from all income groups in rural areas).

Conclusion The percentage of children who have received protective sealants on the occlusal (chewing)
surfaces of permanent molar teeth FALLS SHORT OF the Healthy People 2000 Objective.
An action plan is needed to meet this objective on sealants and should be targeted to all
children aged 6-8 years old in California.

Percentage of children aged 8 years with evidence of a sealant: bv region and poverty
Poor: <200% Poverty
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OBJECTIVES

SEALANTS

SEALANTS: Age 8
• Fluoridated 0 Urban

0 All Regions

• Rural

50
per
cent

0
All Incomes

Non Poor

Poor

Percentage of children aged 8 years with evidence of a sealant; by poverty and region
Poor <200% Poverty

SEALANTS: Age 8
All Incomes

II Poor

Objective

Asian

Black

Latino

White

All

Percentage of children aged 8 years with evidence of a sealant; by poverty and ethnicity
Poor: <200% Poverty

Percentage of children aged 8 years and in grade 3 who have received protective sealants on the occlusal
(chewing) surfaces of permanent first molar teeth; by poverty. region, and ethnicity.
Grade 3

ALT 8

Fluoridated
Urban
Rural
All Regions

Poor

Non Poor

All 'Incomes

Eu_
or

Non PORT

All Incomes

12.2
3.3
2.5
4.5

54.5
8.0
22.6

29.5
5.4
6.1

10.8
4.0
3.4

51.8

31.6
6.1

15.5

10.4

4.9

11.8
16.8
25.7

(

5.9
11.5

Poor: < 2005 Poverty
A ge 8

Em.

Gratic 3
All Incomes

Poor

Non Poor

All Incomes

5.6

7.6

Black

1.0
5.4
3.8

27.9

4.5

25.5

10.4

15.0
4.8
8.3
37.3
25.7

6.6
4.7

Latino
White
All Reg ions

4.0
6.8
15.0

4.8
3.1

Asian
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Non Poor

6.2
4.0

4.9

6.2

19.0
11.5
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SEALANTS

OBJECTIVES

SEA I ANTS. (iI/(,//

SCI1001.5)

Increase to at least 50% the percentaue of children who have received
protective sealants on the occlusal (chewing) surfaces of permanent
molar teeth. (National data (1986-87) showed 8% of adolescents aged 14
with sealants.)

Healthy People 2000 Objective
(Oral Health 13.8)

Data Source

Examination survey

Methods

Each student in grade 10 was screened by a trained dentist.

Results

Of 15-year-old students. 12.6% have received protective sealants on the occlusal (chewing)
surfaces of at least one permanent molar tooth.
Only 9.2% of 15-year-olds have received protective sealants on at least one permanent firs:
molar tooth;
Only 5.7% of 15-year-olds have received protective sealants on at least one permanent second
molar tooth
There is a wide range of sealant prevalence in 15-year-olds from a high of 37.8% (White
students in fluoridated urban areas) to a low of 0.0% (Asian students from all income eroups
in fluoridated urban areas).

Conclusion The percentage of 15-year-old students who have received protective sealants on the occlusal
(chewing) surfaces of permanent molar teeth FALLS SHORT OF the Healthy People 2000
Objective. An action plan is needed to meet this objective on sealants and should be targeted
to All students 6-15 years old in California. Fluoridation of water supplies may be
prerequisite to achieving this objective, since data show higher sealant prevalence in
fluoridated regions.

SEALANTS: Age 15
I• Poor

111 Non Poor

• All Income Groups
Objective

50
322

per
cent

252

25.7
6.5 8 '7

11.6

15.5

12.8 12.6

s2Za l
11111

0
Fluoridated

Urban

Rural

All Regions

Percentage of 15-year-old students with evidence of a sealant
on arts permanent molar teeth: tly region and poverty
Percentage of 1-year-old students %%flu have received protective sealants on the occlusal (chewing)
surfaces of any permanent molar teeth. h) region and poverty
Poor
Fluoridated
Urban

Rural
All Retions
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25.2
2.1

11.6
7.0
Poor: <200% Poverty

Non Poor
32.2
6.5
12.8

All Income Groups
25.7
8.7

15.5
12.6
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EALANTS

UttJtC; I

SEALANTS: Age 15
1

• Asian El Black • Latino 1:1 White 1171 All
Objective

50
37.8

per
5.7

cent

25.7
18.9

18

15.5

14

.T:74
:33=2

12.6
8.7

6.5
1.7

5.9
Er:7_

1.4

0.8

Rural

Urban

Fluoridated

9.3

7.9

All Regions

Percentage of 15-year-old students who have received protective sealants on the occlusal (chewing
surfaces of akr permanent molar teeth; by region and ethnicity

SEALANTS: Age 15

I•

• Rural

Fluoridated El Urban

CI All Regions
Obiective

50
37.8

per

25.7

25.7

cent

18.9

18

15.5

. .

0 1.7

0

EGISCEI

10.8

1.4
r•••.1

Asian

7.9

-";".•
5.9

;•r

:?!.
•e.-

7."
• 1E'

". :751

white

Latino

Black

12.6

8.7

•

All

Percentage of 15-year-old students who have received protective sealants on the occlusal (chewing)
5urfaces of any permanent molar teeth; by ethnicity and region

Fluoridated
Urban

Asian

Black

Latino

White

All

0.0

22.1

18.0

37.8

1.7

6.5

1.4

9.3

0.8
7.9
5.9

14.0
25.7
18.9

25.7
8.7
15.5
12.6

Rural

All Regions

DRAFT: 10/18/94: HP: 013J

,4

VFALANTS

OBJECTIVES

SEALANTS: Age
IU First Molars

15

CO Second Molars

1

Rural

Urban

Fluoridated

All Regions

Percentage of 15-Year-old students with evidence of a sealant
on first and second permanent molar teeth: by region

Percentage of students who have received protective sealants on the occlusal (chewing) surfaces of
permanent first molar teeth.
All Students

Fluoridated
Urban
Rural
All Regions

Poor

Non Poor

All Income Groups

24.7
0.6
11.6
5.7

/5.9
6.5

23.0
5.1
15.5
9.2

11.4

Poor: <200% Poverty
Percentage of students who have received protective sealants on the occlusal (chewing) surfaces of
permanent second molar teeth.

All Students

Fluoridated
Urban
Rural
All Regions

Poor

Non Poor

All Income Groups

8.7
2.2
4.0
3.5

16.4
0.3
4.3

11.8
3.9
5.7
5.7

Poor: <200% Poverty
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HEALTHY PEOPLE 2000 OBJECTIVES

The consensus document "Healthy People 2000" contains many objectives relating to oral health. These
objectives are to be used for the evaluation of future proposals to improve the health of the nation. (Healthy
People 2000: National Health Promotion and Disease Prevention Objectives - Full Report with Commentary.
Washington DC: US. Department of Health and Human Services. Public Health Service, 1991:349-64; DHHS
publication no. (PHS)91-50212)
PRESCHOOLS SURVEY

Oral health objectives from . "Healthy People 2000" that relate to the preschool population (age 2-5 years) are:
1.

Increase to at least 75% the percentage of parents and caregivers who use feeding practices that prevent
Baby Bottle Tooth Decay (BBTD), and to at least 65% the percentage of parents and caregivers with
less than high school education who use feeding practices that prevent BBTD.

2.

Increase use of professionally or self-administered topical or systemic (dietary) fluorides to at least
85% of people not receiving optimally fluoridated public water.

3.

Increase to at least 90% the percentage of all children entering school programs for the first time who
have received an oral health screening, referral, and follow-up for necessary diagnostic, preventive, and
treatment services. School programs include Head Start, prekindergarten, kindergarten, and first grade.

ELEMENTARY SCHOOLS SURVEY

Oral health objectives from "Healthy People 2000" that relate to the elementary school population (Grades K-3:
ages 5-9 years) are:
Grade K (ages 5-6);

1.

Increase to at least 90% the percentage of all children entering school programs for the first time who
have received an oral health screening, referral, and follow-up for necessary diagnostic, preventive, and
treatment services. School programs include Head Start, prekindergarten, kindergarten, and first grade.

2.

Increase the use of professionally or self-administered topical or systemic (dietary) fluorides to at least
85% of people not receiving optimally fluoridated public water.

Grades 1-2 (ages 6-7)z

1.

Reduce dental caries so that the percentage of children with one or more carious lesions (in permanent
or primary teeth) is no more than 35% among children aged 6 through 8, no more than 45% among

children aged 6-8 whose parents have less than a high school education, and no more than 40% among
Black children aged 6-8.
2.

Reduce tmtreated dental caries so that the percentage of children with untreated dental caries (in
permanent or primary teeth) is no more than 20% among children aged 6 through 8, no more than 30%
among children aged 6-8 whose parents have less than a high school education, no more than 25%
among Black children aged 6-8, and no more than 25% among Hispanic children aged 6-8.

3.

Increase use of professionally or self-administered topical or systemic (dietary) fluorides to at least
85% of people not receiving optimally fluoridated public water.

Grade 3 (age 8-91

1. Increase to at least 50% the percentage of children who have received protective sealants on the
occlusal (chewing) surfaces of permanent molar teeth. (National data (1986-87) showed 11% of
children aged 8 with sealants.
DRAFT: 10118194: HP: 08.1
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2.

Increase use of professionally or self-administered topical or systemic (dietary) fluorides to at least
85% of people not receiving optimally fluoridated public water.

3.

Reduce dental caries so that the percentage of children with one or more carious lesions (in permanent
or primary teeth) is no more than 35% among children aged 6 through 8, no more than 45% among
children aged 6-8 whose parents have less than a high school education, and no more than 40% among
Black children aged 6-8.

4.

Reduce untreated dental caries so that the percentage of children with untreated dental caries (in
permanent or primary teeth) is no more than 20% among children aged 6 through 8, no more than 30%
among children aged 6-8 whose parents have less than a high school education, no more than 25%
among Black children aged 6-8, and no more than 25% among Hispanic children aged 6-8.

HIGH SCHOOLS SURVEY
Oral health objectives that relate to the high school population (Grade 10: ages 14-17) are:
1.

Increase to at least 50% the percentage of students who have received protective sealants on the
occlusal (chewing) surfaces of permanent molar teeth. (National data (1986-87) showed 8% of
adolescents aged 14 with sealants.)

2.

Increase use of professionally or self-administered topical or systemic (dietary) fluorides to at least
85% of people not receiving optimally fluoridated public water.

3.

Reduce dental caries so that the percentage of adolescents with one or more carious lesions is no more
than 60% among adolescents aged 15.

4.

Reduce untreated dental caries so that the percentage of students with untreated dental caries is no
more than 15% among adolescents aged 15; no more than 25% among adolescents aged 15 whose
parents have less than a high school education; no more than 20% among Black adolescents aged 15;
and no more than 25% among Hispanic adolescents aged 15.

DRAFT: 10118194: HP: OB.I
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BABY BOTTLE TOOTH DECAY: BBTD (preschools)
Children with the greatest need for prevention of BBTD:
Fercentage of children affected by BBTD
(1+ maxillary incisor decayed. extracted. or filled teeth)
by region. Head Start status. and ethnicity
FLUORIDATED URBAN

NON-FLUORIDATED
MAN

Head Start

Non-Head Start

Head Start

hisnate..11fft

Asian

455

16.1

42.7

16.7

Black

22.6

25.9

26.9

223

Latino

26.8

40.1

White

17.6

0.4

All

283

14.2

RURAL
Head Sue

Non-Head Start

18.6

37.0

34.4

20.1

5.2

8.2

6.3

33.7

12.2

34.0

285

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to prevent BBTD:
>40% of children with 1+ maxillary

il2Ci9DT decayed.

extracted and filled tooth surfaces

1. Asian children in Head Start preschools in fluoridated urban regions (453%)
2. Asian children in Head Start preschools in non-fluoridated urban regions (42.7%)
3. Latino children in Head Start preschools in non-fluoridated urban regions (40.1%)
30-40% of children with 1+ maxillary incisor decayed. extracted and filled tooth surfaces
4. Latino children in Head Start preschools in rural regions (37.0%)
5. Latino children in non-Head Start preschools in rural regions (34.4%)
20-30% of children with 1+ maxillary incisor decayed. extracted and filled tooth surfaces
6. Black children in Head Start preschools in non-fluoridated urban legions (26.9%)

7 Latino children in Head Start preschools in fluoridated urban regions (26.8%)
8. Black children in non-Head Start preschools in fluoridated urban regions (25.9%)
9. Black children in Head Start preschools in fluoridated urban regions (22.6%)
10. Black children in non-Head Start preschools in non-fluoridated urban regions (22.3%)
11.White children in Head Start preschools in non-fluoridated urban regions (20.1 %)
Healthy People 2000 Objective: None.
Recommendation of this report: An objective should be established using these data as a
baseline. It is suggested that the objective should be to reduce the prevalence of BBTD (as
measured by one or more decayed, extracted, or filled primary maxillary incisor teeth) in
preschool children to no more than 10% for any group.
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BBTD: FEEDING PRACTICES (preschools)
Children with the greatest need for prevention of BBTD
Percentage of children whose parents use a feeding practice that prevents BBTD
(never use sweets)
by region. Head Start status. and ethnicity
FLUORIDATED URBAN •

NON-FLUORIDATED

RURAL

URBAN
HeadStart ' NattliegWan

lit0.3.1118

higalicasi.anni

Eicgsilm

Non-Head Start

Asian

62.3

55.8

44.2

68.6

*

*

Black

603

66.7

61.5

66.8

*

*

Latino

40.6

*

463

57.1

35.1

53.1

White

*

70.2

68.0

80.3

80.7

78.4

53.9

653

53.8

69.9

39.7

583

All

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to improve feeding practices to prevent BBTD:
<40% of children whose parents use a feedin2 practice that prevents BBTD
1. Latino children in Head Start preschools in rural regions (35.1%)
40-50% of children whose parents use a feedin2 practice that prevents BBTD
2. Latino children in Head Start preschools in fluoridated urban regions (40.6%)
3. Asian children in Head Start preschools in non-fluoridated urban regions (44.2%)
4. Latino children in Head Start preschools in non-fluoridated when regions (465%)
50-60% of children whose parents use a feeding practice that prevents BBTD
5. Latino children in non-Head Start preschools in rural regions (53.1%)
6. Asian children in non-Head Start preschools in fluoridated . urban regions (55.8%)
7. Latino children in non-Head Start preschools in non-fluoridated urban regions (57.1%)
60-65% of children whose parents use a feeciin2 practice that prevents BBTD
8. Black children in Head Start preschools in fluoridated urban regions (605%)
9. Black children in Head Start preschools in non-fluoridated urban regions (615%)
10.Asian children in Head Start preschools in fluoridated urban regions (623%)
Healthy People 2000 Objective: Increase to at least 75% the percentage of parents and
caregivers who use feeding practices that prevent Baby Bottle Tooth Decay (BBTD), and to
at least 65% the percentage of parents and caregivers with less than high school education
who use feeding practices that prevent BBTD.
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UNTREATED DENTAL CARIES (preschools)
Children with the greatest need for restorative dental treatment (fillings)
Percentage of children with one or more decayed teeth (dt)
by region. Head Start status. and ethnicity
FLUORIDATED URBAN

NON-FLUORIDATED
URBAN

RURAL

Head Start

&lake_Sigli

Head Start

Non-Head Start

Head start

Non-Head Start

Asian

49%

28%

56%

34%

*

*

Black

40%

43%

46%

36%

*

*

Latino

47%

44%

51%

37%

39%

56%

White

38%

5%

34%

14%

38%

All

44%

25%

47%

26%

39%

.

13%
47%

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to provide needed restorative dental treatment (fillings):
50-60% of children with 1+ decayed teeth
1. Asian children in Head Start preschools in non-fluoridated urban regions (56%)
1. Latino children in non-Head Start preschools in rural regions (56%)
3. Latino children in Head Start preschools in non-fluoridated urban regions (51%)
40-50% of children with 1+ decayed teeth
4. Asian children in Head Start preschools in fluoridated urban regions (49%)
5. Latino children in Head Start preschools in fluoridated urban regions (47%)
6. Black children in Head Start preschools in non-fluoridated urban regions (46%)
7. Latino children in non-Head Start preschools in fluoridated urban regions (44%)
8. Black children in non-Head Start preschools in fluoridated urban regions (43%)
35-40% of children with 1+ decayed teeth
9. Latino children in Head Start preschools in rural regions (39%)
10.White children in Head Start preschools in rural regions (38%)
10. White children in Head Start preschools in fluoridated urban regions (38%)
12. Latino children in non-Head Start preschools in non-fluoridated urban regions (37%)
13. Black children in non-Head Start preschools in non-fluoridated urban regions (36%)
Healthy People 2000 Objective: None.
Recommendation of this report: An objective should be established using these data as a
baseline. It is suggested that the objective should be to reduce the prevalence of untreated
tooth decay (as measured by one or more decayed primary teeth) in preschool children to
no more than 20% for any group.
Draft: HP:10/18194:Prioritias
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UNTREATED DENTAL CARIES (preschools)
Children with the greatest need for restorative dental treatment (fillings)
Mean number of deatyed tooth surfaces (ds) by region. Head Start status. and ethnicity
ELUDRIDAIE121213AN

Head Start

NON-FLUORIDATED
11B.13AN

1101.8.L

hisailloilltag

Head Start

kica-iiegtatad

Head Start

Non-Head Start

0.87

4.15

2.07

*

*

Asian

3.49

Black

2.58

1.32

2.47

2.05

*

*

Latino

2.10

0.95

3.48

2.41

3.59

3.31

White

0.82

0.10

1.14

0.40

1.90

0.31

All

2.43

0.76

2.85

1.38

3.41

2.67

•

* Fewer than 25 children. However 'All' children includes these categories.

Highest priority for targeting programs to provide needed restorative dental treatment (fillings):
CUldithSicgaelLtigitiL.Eda0§
1. Asian children in Head Start preschools in non-fluoridated urban regions (4.15 ds)
childigii

XeS11221h.lint916

2. Latino children in Head Start preschools in rural regions (339 ds)
3. Asian children in Head Start preschools in fluoridated urban regions (3.49 ds)
4. Latino children in Head Start preschools in non-fluoridated urban regions (3.48 ds)
5. Latino children in non-Head Start preschools in rural regions (331 ds)

childmE112.-Isitonslizttuadaso
6. Black children in Head Start preschools in fluoridated urban regions (238 ds)
7. Black children in Head Start preschools in non-fluoridated urban regions (2.47 ds)
8. Latino children in non-Head Start preschools in non-fluoridated urban regions (2.41 ds)
9. Latino children in Head Start preschools in fluoridated urban regions (2.10 ds)
10. Asian children in non-Head Start preschools in non-fluoridated urban regions (2.07 ds)
11. Black children in non-Head Start preschools in non-fluoridated urban regions (2.05 cis)

Healthy People 2000 Objective: None.
Recommendation of this report: An objective should be established using these data as a
baseline. It is suggested that the objective should be to reduce the prevalence of untreated
tooth decay in preschool children to no more than an average of one decayed primary tooth
surface per child for any group.
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TREATED AND 1-IN REATED DENTAL CARIES (preschools)
Children with the greatest need for prevention of tooth decay
Percentage of preschool children one or more decayed. extracted. or filled teeth
by region, Head Start status. and ethnicity

FLUORIDATED URBAN

NON-FLUORIDATED

RURAL

MAN
Head Stai

tigailfgkliact

Head Start

Nokliokliact

Asian

68%

25%

79%

38%

*

*

Black

49%

49%

54%

40%

*

*

Latino

57%

46%

69%

38%

60%

66%

White

50%

10%

37%

19%

45%

20%

All

56%

29%

60%

29%

58%

56%

Head Start Non-Head Start

* Fewer than 25 children. However 'Al!' children includes these categories.
Highest priority for targeting programs to prevent tooth decay:
70-80% of children with 1+ decayed. extracted and filled teeth

1.Asian children in Head Start preschools in non-fluoridated urban regions (79%)
00-70% of children with 1+ decayed. extracted and filled teeth
2. Latino children in Head Start preschools in non-fluoridated urban regions (69%)

3. Asian children in Head Start preschools in fluoridated urban regions (68%)
4. Latino children in non-Head Start preschools in rural regions (66%)
5. Latino children in Head Start preschools in rural regions (60%)
50-60% of children with 1+ decayed. extracted and filled teeth
6. Latino children in Head Start preschools in fluoridated urban regions (57%)
7. Black children in Head Start preschools in non-fluoridated urban regions (54%)

8.White children in Head Start preschools in fluoridated urban regions (50%)
45-50% of children with 1+ decayed. extracted and filled teeth

9. Black children in Head Start preschools in fluoridated urban regions (49%)
9. Black children in non-Head Start preschools in fluoridated urban regions (49%)
10.Latino children in non-Head Start preschools in fluoridated urban regions (46%)
11.White children in Head Start preschools in rural regions (45%)
Healthy People 2000 Objective: None.
Recommendation of this report: An objective should be established using these data as a
baseline. It is suggested that the objective should be to reduce the prevalence of treated
and untreated tooth decay (as measured by one or more decayed, extracted, or filled primary
teeth) in preschool children to no more than 20% for any group.
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TREATED AND UNTREATED DENTAL CARIES (preschools)
Children with the greatest need for prevention of tooth decay
Mean number of decayed. extracted. and filled primary tooth surfaces (deist
by region. Head Start status. and ethnicity
FLUORIDATED URBAN

NON-FLUO lb ATED

RURAL

LLE.B.Etti

limikari

Non-Head Start

Head Start

Nia-listiW..5.1a8

Head Start

Nonactiahni

Asian

8.32

1.46

9.17

2.46

*

*

Black

5.34

3.34

4.96

3.34

*

*

Latino

3.74

2.01

7.36

3.53

9.50

6.75

White '

1.65

0.65

2.99

1.08

4.30

1.08

All

5.05

1.69

6.13

2.26

8.95

5.51

* Fewer than 25 children. However All children includes these categories.
Highest priority for targeting programs to prevent tooth decay:
Children

ugiakfillf&usalizatics§

1.Latino children in Head Start preschools in rural regions (9.50 clefs)

2. Asian children in Head Start preschools in non-fluoridated urban regions (9.17 clefs)
childmakili_Lasimaystisakaamiandfilloitsatlifinfito§

3. Asian children in Head Start preschools in fluoridated urban regions (832 clefs)
4. Latino children in Head Start preschools in non-fluoridated urban regions (7.36 defs)
5. Latino children in non-Head Start preschools in rural regions (6.75 clefs)
6. Black children in Head Start preschools in fluoridated urban regions (5.34 clefs)
chilsirma_witILI-AskaystisatesktiandfillstUfflthliniam

7. Black children in Head Start preschools in non-fluoridated urban regions (4.96 clefs)
8. White children in Head Start preschools in rural regions (430 deft)
9. Latino children in Head Start preschools in fluoridated urban regions (3.74 clefs)

10.Latino children in non-Head Start preschools in non-fluoridated urban regions (3.53 clefs)
11. Black children in non-Head Start preschools in non-fluoridated urban regions (3.34 clefs)
11. Black children in non-Head Start preschools in fluoridated urban regions (3.34 clefs)
Healthy People 2000 Objective: None.
Recommendation of this report: An objective should be established using these data as a
baseline. It is suggested that the objective should be to reduce the prevalence of treated
and untreated tooth decay in preschool children to no more than an average of two decayed,
extracted, or filled primary tooth surfaces per child for any group.
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UNTREATED DENTAL CARIES (elementary schools)
Children (in grades
treatment (fillings)

mean age 6.9 years) with the greatest need for restorative dental

Percentage of children with one or more decayed primary and permanent teeth (dt+DT)
by region and ethnicity
FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian '

56%

71%

Black

40%

60%

47%

Latino

49%

68%

54%

White

21%

41%

40%

All

37%

56%

49%

RURAL

* Fewer than 25 children. However 'All children includes these categories..
Highest priority for targeting programs to provide needed restorative dental treatment (fillings):
>70% of children with 1+ decayed teeth (dt+DT)
1.Asian children in non-fluoridated urban regions (71%)
60-70% of children with 1+ dectkved teeth (dx+DT)
2. Latino children in non-fluoridated urban regions (68%)
3. Black children in non-fluoridated urban regions (60%)
50-60% of children with 1+ decayed teeth (dt+DT)
4 Asian children in fluoridated urban regions (56%)
5. Latino children in rural regions (54%)

40-50% of children with 1+ decayed teeth (dt+D1)
6. Latino children in fluoridated urban regions (49%)
7. Black children in rural regions (47%)

8. White children in non-fluoridated urban regions (41%)
9. Black children in fluotidated urban regions (40%)
9. White children in rural regions (40%)
Healthy People 2000 Objective: Reduce untreated dental caries (cavities) so that the
percentage of children with untreated dental caries (in permanent or primary teeth) is no
more than 20% among children aged 6 through 8, no more than 30% among children aged
6-8 whose parents have less than a high school education, no more than 25% among Black
children aged 6-8, and no more than 25% among Hispanic children aged 6-8.
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UNTREATED DENTAL CARIES (elementary schools)
Children (in grades K-3) with the greatest need for restorative dental treatment (fillings)
n number of decayed primary and permanent teeth (dt+DT) by region and ethnicity
FLUORIDATED

NON-FLUORIDATED

URBAN

MEAN

Asian

2.23

2.89

Black

0.99

2.16

2.22

Latino

1.46

2.96

1.68

White

0.43

1.29

1.19

All

1.05

2.13

1.73

1121191.

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to provide needed restorative dental treatment (fillings):

ChildratiLatcsaysglitgb
1.Latino children in non-fluoridated urban regions (2.96 dt+DT)
2. Asian children in non-fluoridated urban regions (289 dt+DT)
3. Asian children in fluoridated urban regions (223 dt+DT)
4. Black children in rural regions (2.22 dt+DT)
5. Black children in non-fluoridated urban regions (2.16 dt+DT)

ChikinnimithIlskaracivada
6. Latino children in rural regions (1.68 dt+DT)
7. Latino children in fluoridated urban regions (1.46 dt+DT)
8. White children in non-fluoridated urban regions (129 dt+DT)
9. White children in rural regions (1.19 dt+DT)
Healthy People 2000 Objective: There is no objective by the average number of decayed
teeth. It is suggested that the objective should be to reduce the prevalence of untreated
tooth decay in children in grades K-3 to no more than an average of one decayed primary
and permanent tooth per child for any group.
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TREAT D AND UNTREATED DENTAL CARIES (elementary schools).
Children (in grades K-3: mean age 6.9 years) with the greatest need for prevention of
tooth decay
I

I

•
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I •

I

II I

•
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(dit+DMFT) by region and ethnicity
FLUORIDATED

NON-FLUORIDATED
LIME

RURAL

URBAN

Asian

70%

88%

*

Black

53%

69%

53% .

Latino

75%

82%

74%

White

44%

59%

58%

All

59%

71%

67%

* Fewer than 25 children. However All' children includes these categories.

Highest priority for targeting programs to prevent tooth decay:
>80% of children with 1+ decayed and filled teeth (dft+DM2Fn

1.Asian children in non-fluoridated urban regions (88%)
2. Latino children in non-fluoridated urban regions (82%)
70-80% of children with 1+ decayed and filled teeth (dft+DMFT)

3. Latino children in fluoridated urban regions (75%)
4. Latino children in rural regions (74%)
5. Asian children in fluoridated urban regions (70%)
60-70% of children with 1+ decayed and filled teeth (dR+DMFT)

6. Black children in non-fluoridated urban regions (69%)
50-60% of children wi 1+ decayed and filled teeth (dft+DMFT)

7. White children in non-fluoridated urban regions (59%)
8.White children in rural regions (58%)
9. Black children in rural regions (53%)
9. Black children in fluoridated urban regions (53%)
Healthy People 2000 Objective: Reduce dental caries so that the percentage of children
with one or more carious lesions (in permanent or primary teeth) is no more than 35%
among children aged 6 through 8, no more than 45% among children aged 6-8 whose
parents have less than a high school education, and no more than 40% among Black
children aged 6-8.

Draft: HP:10/1

8/94: Priort ies
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Califrrnia Oral Health Needs Assessment 1993-94

PRIORITIES

TREATED AND LTNTREATED DENTAL CARIES (elementary schools1
Children (in grades li-3) with the greatest need for prevention of tooth decay
Mean number of decayed and filled primary and permanent teeth (dft+DMIFT)
tov region and ethnicity
FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian

4.00

5.95

Black

1.97

3.17

3.15

Latino

3.69

4.85

4.33

White

1.74

2.72

2.67

All

2.70

3.87

3.67

13.111KAL

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to prevent tooth decay:

ChildraimitiL>,tchntyg2inalliglugh
1. Asian children in non-fluoridated urban regions (5.95 dft+DMFT)
Children with 4-5 decayed and filled teeth
2. Latino children in non-fluoridated urban regions (4.85 dft+DMFT)
3. Latino children in rural regions (4.33 dft+DMFT)
4. Asian children in fluoridated urban regions (4.00 dft+DMFT)
Children with 3-4 decayed and filled teeth
5. Latino children in fluoridated urban regions (3.69 dft+DMFT)
6. Black children in non-fluoridated urban regions (3.17 dft+DMFT)
7. Black children in rural regions (3.15 dft+DMFT)
Children with 2-3 decayed and filled teeth
8. White children in non-fluoridated tuban regions (2.72 dft+DMFT)
9. White children in rural regions (2.67 dft+DMFT)
Healthy People 2000 Objective: There is no objective by the average number of decayed
teeth. It is suggested that the objective should be to reduce the prevalence of untreated
tooth decay in children in grades.

to no more than an average of two decayed primary

and permanent teeth per child for any group.

Draft: HP:10/18/94:Priorkiee
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California Oral Health Needs. Aisessment 1993-94

PRIORITIES

UNTREATED DENTAL CARIES (regular high schools)
Students (in grade 10: mean age 15.9 years) with the greatest need for restorative dental
treatment (fillings)
percentage of students with one or more decayed permanent teeth (DT)
by region and ethnicity
FLUORIDATED

NON-FLUORIDATED
URBAN

RURAL

URBAN

Asian

43%

45%

*

Black

34%

71%

*

Latino

53%

77%

69%

White

37%

43%

26%

All

43%

57%

46%

* Fewer than 25 children. However 'Mt children includes these categories.
Highest priority for targeting programs to provide needed restorative dental treatment (fillings):
70-80% of students with I+ decayed teeth (DT)

1.Latino students in non-fluoridated urban regions (77%)
2. Black students in non-fluoridated urban regions (71%)
60-70% of students with 1+ decayed teeth (DT)

3. Latino students in rural regions (69%)
50-60% of students with 1+ decayed teeth CDT)

4. Latino students in fluoridated urban regions (53%)
40-50% of students with 1+ decayed teeth (DTI

5. Asian students in non-fluoridated urban regions (45%)
6. Asian students in fluoridated urban regions (43%)
6. White students in non-fluoridated urban regions (43%)
30-40% of students with 1+ decayed teeth (DT)
8. White students in fluoridated urban regions (37%)

9. Black students in fluoridated urban regions (34%)
10. White students in rural regions (26%)
Healthy People 2000 Objective: Reduce untreated dental caries so that the percentage of
students with untreated dental caries is no more than 15% among adolescents aged 15; no
more than 25% among adolescents aged 15 whose parents have less than a high school
education; no more than 20% among Black adolescents aged 15; and no more than 25%
among Hispanic adolescents aged 15.

Draft: HP:10118/94:Prioriliee

11

California Oral Health Needs Assessment 1993-94

PRIORITIES

UNTREATED DENTAL CARIES (high schools)
Students (in grade 10) with the greatest need for restorative dental treatment (fillings)
u

.

I

I
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:A s

s '

I

•

I

nk•

I

.

FLUORIDATED
URBAN

NON-FLUORIDATED
URBAN

Asian

1.07

1.83

Black

0.71

2.03

Latino

1.27

3.36

2.85

White

0.71

1.14

0.81

All

0.95

2.05

1.80

RURAL

* Fewer than 25 children. However 'All' children includes these categories.

Highest priority for targeting programs to provide needed restorative dental treatment (fillings):
Students with >3 decayed teeth
1. Latino students in non-fluoridated urban regions (336 DT)
Students with 2-3 decayed teeth

2. Latino students in rural regions (2.85 DT)
3. Black students in non-fluoridated urban regions (2.03 DT)
Students with 1-2 decayed teeth

4. Asian students in non-fluoridated urban regions (1.83 DI)
5. Latino students in fluoridated urban regions (127 DT)
6. White students in non-fluoridated urban regions (1.14 DT)

7. Asian students in fluoridated urban regions (1.07 DT)

Healthy People 2000 Objective: There is no objective by the average number of decayed
teeth. It is suggested that the objective should be to reduce the prevalence of untreated
tooth decay in students in grade 10 to no more than an average of one decayed permanent
tooth per student for any group.

Draft : HP: 10/1 8/94: Prioritise
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PRIORITIES

TREATED AND UNTREATED DENTAL CARIES (regular hiPh schoids,1
.

I

I

S
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S
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/
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Percentage of students with one or more decayed. missing., and filled permanent teeth
(DMFT) by region and ethnicity
NON-FLUORIDATED
URBAN

RURAL

URBAN
Asian

84%

76%

•

Black

58%10

83%

*

Latino

73%

90%

82%

White

72%

69%

68%

All

82%

88%

75%

FLUORIDATED

* Fewer than 25 children. Howe
w 'All children includes these categories.
Highest priority for targeting programs to prevent tooth decay:
90-100% of students with 1+ decayed. missing, and filled teeth (DMFT)
1. Latino students in non-fluoridated urban regions (90%)
80-90% of students with 1+ decayed. missing and filled teeth (DMFT1
2 Asian students in fluoridated urban regions (84%)
3. Black students in non-fluoridated urban regions (83%)
4. Latino students in rural regions (82%)
70-80% of students with 1+ decayed. missing. and filled teeth (DMFT)
5. Asian students in non-fluoridated urban regions (76%)
6. Latino students in fluoridated urban regions (73%)
7. White students in fluoridated urban regions (72%)
60-70% of students with 1+ decoyed. missing. and filled teeth (DMFT)
8. White students in non-fluoridated urban regions (69%)
9. White students in rural regions (68%)
Healthy People 2000 Objective: Reduce dental caries so that the percentage of adolescents
with one or more carious lesions is no more than 60% among adolescents aged 15.

Draft: HP:10/18/94 :Priori lee
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PRIORITIES

TREATED AND UNTREATED DENTAL CARIES (regular high schools)
Students (in grade 10) with the greatest need for prevention of tooth decay
Mean number of decayed. missing. and filled permanent teeth (DMFF)
by region and ethnicity
FLUORIDATED NON-FLUORIDATED

s

RURAL

URBAN

URBAN

Asian

4.10

5.71

Black

2.58

3.39

Latino

2.90

5.78

4.81

White

2.30

2.92

2.67

All

2.75

4.24

3.75

* Fewer than 25 children. However All' children includes these categories.
Highest priority for tasgeting programs to prevent tooth decay:
Students with >5 decayed. missing. and filled teeth
1. Latino students in non-fluoridated urban regions (5.78 DMFT)
2. Asian students in non-fluoridated urban regions (5.71 DMFT)
Students with 4-5 decayed. missing, and filled teeth
3. Latino students in rural regions (4.81 DMFT)
4. Asian students in fluoridated urban regions (4.10 DMFT)
Students with 3-4 decayed. missing. and filled teeth
5. Black students in non-fluoridated urban regions (339 DMFT)

Students with 2-3 decayed. missing. and filled teeth
6. White students in non-fluoridated urban regions (2.92 DMFI)
7. Latino students in fluoridated urban regions (2.90 DNiFT)
8. White students in rural regions (2.67 DMFT)
9. Black students in fluoridated urban regions (2.58 DMFT)
10.White students in fluoridated urban regions (2.30 DMFT)
Healthy People 2000 Objective: There is no objective by the average number of decayed
teeth. It is suggested that the objective should be to reduce the prevalence of treated or
untreated tooth decay in students in grade 10 to no more than an average of two decayed,
missing, and filled permanent teeth per child for any group.

Draft: HP: 10/1 8/94:Priori lee

14

PRIORITIES

California Oral Health Needs Assessment 1993-94

TREATMENT URGENCY (preschools)
Children ‘vith the greatest need for URGENT DENTAL TREATMENT
Percentage of children in urgent need of dental treatment
by region, Head Start status. and ethnicity
FLUORIDATED URBAN

NON-FLUORIDATED
URBAN

RURAL

Head Start

Non-Head Start

litaA.I_Nr1

lismaImAiDni

Head Start

Nsznataaditarl

Asian

13.7%

4.7%

6.1%

8.1%

*

*

Black

9.2%

2.8%

83%

63%

*

*

Latino

3.9%

*

10.7%

12.0%

14.2%

14.0%

White

2.7%

0.0%

4.8%

1.9%

6.8%

33%

All

7.7%

2.2%

8.7%

6.4%

13.8%

12.0%

* Fewer than 25 children. However 'All children includes these categories.
Highest priority for targeting programs to provide urgent dental treatment
(potential root canal treatment or extractions):
?jOle_o_f_ghgchrnin urgent need

1.Latino children in Head Start preschools in rural regions (14.2%)
2. Latino children in non-Head Start preschools in rural regions (14.0%)
3. Asian children in Head Start preschools in fluoridated urban regions (13.7%)
4. Latino children in non-Head Start preschools in non-fluoridated urban regions (12.0%)
5. Latino children in Head Start preschools in non-fluoridated urban regions (10.7%)
6-10% of children in urgent need of dental treatment
6. Black children in Head Start preschools in fluoridated urban regions (9.2%)
7. Black children in Head Start preschools in non-fluoridated urban regions (83%)

8.Asian children in non-Head Start preschools in non-fluoridated urban regions (8.1%)
9. White children in Head Start preschools in rural regions (6.8%)
10.Black children in non-Head Start preschools in non-fluoridated urban regions (6.5%)
11.Asian children in Head Start preschools in non-fluoridated urban regions (6.1%)
Healthy People 2000 Objective: There is no objective for the proportion of children %ith
urgent treatment needs. It is suggested that the objective should be to reduce the
prevalence of urgent treatment needs to no more than 5% of any group of preschool
children.

Draft: HP:10/1111194:Priorilies
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PRIORMES

TREATMENT URGENCY (elementary schools'
Children (in grades K-3) with the greatest need for URGENT DENTAL TREATMENT
Percentage of children in urgent need of dental treatment
by rezion and ethnicity
FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian

26.6

25.0

Black

10.8

11.9

32.7

Latino

153

25.2

14.4

White

3.6

13.0

9.3

All

10.9

18.5

16.7

RURAL

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to provide urgent dental treatment
(potential root canal treatment or extractions):
>30% of children in urgent need of dental treatment
1. Black children in rural regions (32.7%)
20-30% of children in urgent need of dental treatment
2. Asian children in fluoridated urban regions (26.6%)
3. Latino children in non-fluoridated urban regions (25.2%)
4. Asian children in non-fluoridated urban regions (25.0%)
10-20% of children in urgent need of dental treatment
5. Latino children in fluoridated urban regions (153%)
6. Latino children in rural regions (14.4%)
7. White children in non-fluoridated urban regions (13.0%)
8. Black children in non-fluoridated urban regions (11.9%)
9. Black children in fluoridated urban regions (10.8%)
Healthy People 2000 Objective: There is no objective for the proportion of children with
urgent treatment needs. It is suggested that the objective should be to reduce the

prevalence of urgent treatment needs to no more than 10% of any group.

Draft: HP:10/18/94:Prioritiee
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PRIORIT7ES

TREATMENT URGENCY (high schools)

studtaLlingradeLiQuillbAhe_greatest need for URGENT DENTAL TREATMEla
Percentage of students in urgent need of dental treatment
by region and ethnicity

URBAN

NON-FLUORIDATED
URBAN

Asian

2.7

19.2

Black

3.4

22.2

Latino

5.8

36.5

14.7

White

2.5

18.0

3.5

All

3.8

24.8

10.8

FLUORIDATED

RURAL

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to provide urgent dental treatment:
(potential root canal treatment or extractions):
>30% of students in urgent need of dental treatment
1. Latino students in non-fluoridated urban regions (22.2%)
20-30% of students in urgent need of dental treatment
2. Black students in non-fluoridated urban regions (221%)
10-20% of students in urgent need of dental treatment
3. Asian students in non-fluoridated urban regions (191%)
4. White students in non-fluoridated urban regions (18.0%)
5. Latino students in rural regions (14.7%)
Healthy People 2000 Objective: There is no objective for the proportion of students with
urgent treatment needs. It is suggested that the objective should be to reduce the
prevalence of urgent treatment needs to no more than 10% of any group.

Draft: HP:10/184:Priorities
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PRIORI77ES

PERIODONTAL NEEDS (high schoolsi
Students (in grades 10) with the greatest need for periodontal treatment
Percentage of students with destructive periodontal disease
(periodontalpocketing >6mm); b y region and ethnicity

FLUORIDATED
URBAN

NON-FLUORIDATED

Asian

13.8

3.9

Black

7.5

15.9

Latino

1.0

12.1

9.4

White

0.8

1.7

0.0

All

2.9

6.7

3.3

RURAL

URBAN

* Fewer than 25 children. However 'All' children includes these categories.

Highest priority for targeting programs to provide treatment and prevention of periodontal diseases:
I

_

•

.
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to..n
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s •

•41

1.Black students in non-fluoridated urban regions (15.9%)
2. Asian students in fluoridated urban regions (13.8%)
3. Latino students in non-fluoridated urban regions (12.1%)
3-10% of students in need of advanced periodontal treatment (root planing/gingival curettage)

4. Latino students in rural regions (9.4%)
5. Black students in fluoridated urban regions (73%)
Healthy People 2000 Objective: There is no objective for the proportion of students with
destructive periodontal disease. It is suggested that the objective should be to reduce the
prevalence of destructive periodontal disease to no more than 5% of any group.

Draft: HP: 1 0/1 8/94:Priorit ies

18

California Oral Health Needs Assessment 1993-94

PR1OR177ES

DENTAL VISITS (preschools)
Children with the greatest need for a dental visit
Percentage of children who have visited a dentist
by region. Head Start status. and ethnicity
NON-FLUORIDATED

FLUORIDATED LTIBAN

RURAL

URBAN
Head Start

Nothatiatart

ataci.lant

Naalioditat

Head Start

N.QL-Bindlll

Asian

89.1

475

96.6

46.2

*

*

Black

763

57.5

623

51.0

*

*

Latino

64.6

*

67.4

52.8

85.4

393

White

81.1

833

60.3

56.4

51.4

47.4

All

74.9

63.8

67.0

53.9

81.6

40.8

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs

to increase the use of dental services:

<40% of children with a previous dental visit
1.Latino children in non-Head Start preschools in rural regions (393%)
40-50% of children with a previous dental visit
2. Asian children in non-Head Start preschools in non-fluoridated urban regions (462%)
3. White children in non-Head Start preschools in rural regions (47.4%)
4 Asian children in non-Head Start preschools in fluoridated urban regions (475%)
50-60% of children with a previous dental visit
5. Black children in non-Head Start preschools in non-fluoridated urban regions (51.0%)
6. White children in Head Start preschools in rural regions (51.4%)
7. Latino children in non-Head Start preschools in non-fluoridated urban regions (52.8%)
8. White children in non-Head Start preschools in non-fluoridated urban regions (56.4%)
9. Black children in non-Head Start preschools in fluoridated urban regions (573%)
Healthy People 2000 Objective: Increase to at least 90% the percentage of all children
entering school programs for the first time who have received an oral health screening.
referral, and follow-up for necessary diagnostic, preventive, and treatment services.
School programs include Head Start, prekindergarten, kindergarten, and first grade.

Draft: HP: 10/1 8/94: Priori! tea
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PRIORITIES

DENTAL VISITS (elementary schools)
Children (in grades K-3) with the greatest need for a dental visit
Percentage of children who have visited a dentist
by region and ethnicity
FLUORIDATED
URBAN

NON-FLUORIDATED
OMAN

BA I

Asian

77.2

86.7

*

Black

73.9

77.4

713

Latino

85.1

70.2

66.2

White

90.7

81.2

76.5

All

85.9

77.6

733

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to increase the use of dental services:
<70% of children with a previous den : visit
1. Latino children in rural regions (66.2%)
70-80% of children with a previous dental visit
2. Latino children in non-fluoridated urban regions (70.2%)
3. Black children in rural regions (713%)
4. Black children in fluoridated urban regions (73.9%)
S. White children in rural regions (763%)
6. Asian children in fluoridated urban regions (772%)

7. Black children in non-fluoridated urban regions (77.4%)
80-90% of children with a previous dental visit
8. White children in non-fluoridated urban regions (81.2%)
9. Latino children in fluoridated urban regions (85.1%)
10.Asian children in non-fluoridated urban regions (86.7%)
Healthy People 2000 Objective: Increase to at least 90% the percentage of all children

entering school programs for the first time who have received an oral health screening,
referral, and follow-up for necessary diagnostic, preventive, and treatment services.
School programs include Head Start, prekindergarten, kindergarten, and first grade.

Draft: HP: 1 0/1 8/94:Priorit les
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PR1ORMES

COMPLETING DENTAL CARE (preschools)
Percentage of children who have completed needed dental care
bV region. Head Start status. and ethnicity
ELIMIDAMED.1111BAN

NON-FLUORIDATED

RURAL

URBAN
ligadluo

NoklitagtStart

1300_1=

Ngnlizp&Sigt

Head start

Non-Head Start

Asian

31.0

28.0

33.0

20.3

*

*

Black

17.9

203

16.6

14.9

*

*

Latino

28.0

*

35.5

3.5

36.2

32.9

White

34.1

82.8

13.9

46.6

39.3

573

All

26.3

233

29.8

16.9

36.2

35.2

* Fewer than 25 children. However 'All' children includes these categories.
Note: These percentages exclude children who are caries-free or who have not yet visited a dentist.

Highest priority for targeting programs to complete needed restorative dental treatment (fillings):
<10% of children who have completed needed dental care
1. Latino children in non-Head Start preschools in non-fluoridated urban regions (3.5%)
1O-20% of children who have completed needed dental cart
2. White children in Head Start preschools in non-fluoridated urban regions (13.9%)
3. BLack children in non-Head Start preschools in non-fluoridated urban regions (14.9%)
4. Black children in Head Start preschools in non-fluoridated urban regions (16.6%)
5. Black children in Head Start preschools in fluoridated urban regions (17.9%)
20-30% of children who have completed needed dental cam

6. Black children in non-Head Start preschools in fluoridated urban regions (20.3%)
6. Asian children in non-Head Start preschools in non-fluoridated urban regions (203%)
8. Asian children in non-Head Start preschools in fluoridated urban regions (28.0%)

8. Latino children in Head Start preschools in fluoridated urban regions (28.0%)
Healthy People 2000 Objective: There is no objective for the proportion of preschool
children who have completed needed dental care. It is suggested that the objective should
be to increase to 75% the percentage of all preschool children who have completed needed
dental care.

Draft: HP:10/18104:Priarities
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PR1ORMES

SEALANTS (elementary schools)
Children with the greatest need for sealants
Percentage of children tin grade 3) who have received protective sealants on the occlusal
(chewing) surfaces of permanent first molar teeth; by ethnicity and region
FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian

12.4

5.5

*

Black

5.6

4.2

*

Latino

8.9

5.5

2.2

White

*

6.8

8.5

31.6

6.1

5.9

All

ROZA!,

* Fewer than 25 children. However 'All children includes these categories.
Highest priority for targeting sealant programs:
<5% of children with a sealant
1. Latino children in rural regions (2.2%)
2. Black children in non-fluoridated urban regions (4.2%)
5-10% of children with a sealant
3. Latino children in non-fluoridated urban regions (53%)
3. Asian children in non-fluoridated urban regions (5.5%)
5. Black children in fluoridated urban regions (5.6%)
6. White children in non-fluoridated urban regions (6.8%)
7. White children in rural regions (8.5%)
8. Latino children in fluoridated urban regions (8.9%)
10- 15% of children with a sealant
9. Asian children in fluoridated urban regions (12.4%)

Healthy People 2000 Objective: Increase to at least 50% the percentage of children who
have received protective sealants on the occlusal (chewing) surfaces of permanent molar
teeth.

Draft: HP:10/18/94:Prioriliaa
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PRIORITIES

SEALANTS (high

Students age 15 years with the greatest need for sealants
Percentage of 15-year-old students who have received protective sealants on the occlusal
(chewing) surfaces of permanent first or second molar teeth;
by ethnicity and region
FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian

0.0

1.7

*

Black

22.1

6.5

*

Latino

18.0

0.8

7.9

White

37.8

14.0

25.7

All

25.7

8.7

15.5

RURAL

* Fewer than 25 children. However 'All children includes these categories.
Highest priority for targeting sealant programs:
<5% of students with a sealant
I. Asian students in fluoridated urban regions (0.0%)
2. Latino students in non-fluoridated urban regions (0.8%)
3. Asian students in non-flucridated urban regions (1.7%)
5.1.4k2f1114agfi_Withkragithint

4. Black students in non-fluoridated urban regions (6.5%)
5. Latino students in rural regions (7.9%)
10-20% of students with a sealant
6. White students in non-fluoridated urban regions (14.0%)
7. Latino students in fluoridated urban regions (18.0%)
20-30% of students with a sealant
8. Black students in fluoridated urban regions (22.1%)
9. White students in rural regions (25.7%)
30-40% of students with a sealant
10.White students in fluoridated urban regions (37.8%)
Healthy People 2000 Objective: Increase to at least 50% the percentage of children who
have received protective sealants on the occlusal (chewing) surfaces of permanent molar
teeth.
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PRESCRIPTION SYSTEMIC FLUORIDE SUPPLEMENTS (DROPS. LOZENGES)
IN NON-FLUORIDATES) REGIONS: (preschools)

Egrontage_Af_shildren_xsing prescription fluoride supplements
lty region. Head Start status. and ethnicity
FLUORIDATED URBAN*

NON-FLUORIDATED

IMAL

MUM
NonHead

Asian

13.7

12.0

29.9

40.1

*

*

Black

12.6

1.5

30.1

20.8

*

*

Latino

12.2

*

23.0

18.2

39.5

20.8

White

6.4

9.1

27.9

38.5

37.0

51.8

All

12.0

7.4

25.9

29.7

39.0

27.4

Start

NanliegLigni

'imam Noklitathakirt

atidltAn

Note: * prescription fluoride supplements an contra-indicated in fluoridated regions

* Fewer than 25 children. However 'All' children includes these categories.
Highest priority for targeting programs to increase the use of prescription fluoride supplements:

<20% of children using prescription fluoride supplements
1. Latino children in non-Head Start preschools in non-fluoridated urban regions (18.2%)

20L 30% of children using prescription fluoride supplements
2. Latino children in non-Head Start preschools in rural regions (20.8%)
2. Black children in non-Head Start preschools in non-fluoridated urban regions (20.8%)
4. Latino children in Head Start preschools in non-fluoridated urban regions (23.0%)
5. White children in Head Start preschools in non-fluoridated urban regions (27.9%)
6. Asian children in Head Start preschools in non-fluoridated urban regions (29.9%)
30-40% of children using prescription fluoride supplements

7. Black children in Head Start preschools in non-fluoridated urban regions (30.1%)
8. White children in Head Start preschools in rural regions (37.0%)
9. White children in non-Head Start preschools in non-fluoridated urban regions (383%)
10. Latino children in Head Start preschools in rural regions (39.5%)

Healthy People 2000 Objective: Increase use of professionally or self-administered topical
or systemic (dietary) fluorides to at least 85% of people not receiving optimally
fluoridated public water.
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PRESCRIPTION SYSTEMIC FLUORIDE SUPPLEMENTS (DROPS. LOZENGES)
IN NON-FLUORIDATED REGIONS: (elementary schools)
Children (in grades K-3) with the lowest use of prescription fluoride supplements

arsentamsisinisiren_jingrades K-3) using prescription fluoride supplements
by region and ethnicity
*FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian

6.4

13.6

*

Black

2.5

12.9

123

Latino

10.5

8.2

9.1

White

2.9

14.7

13.8

All

5.9

12.2

11.6

RURAL

Note: *prescription fluoride supplements are contra-indicated in fluoridated regions
* Fewer than 25 children. However All' children includes these categories.

Highest priority for targeting programs to increase the use of prescription fluoride supplements:
<10% of children using prescription fluoride ' ements
1. Latino children in non-fluoridated urban legions (8.2%)
2. Latino children in rural regions (9.1%)
10-15% of children using prescription fluoride supplements
3. Black children in rural regions (123%)
4. Black children in non-fluoridated urban regions (12.9%)
5. Asian children in non-fluoridated urban regions (13.6%)
6. White children in rural regions (13.8%)
7. White children in non-fluoridated urban regions (14.7%)
Healthy People 2000 Objective: Increase use of professionally or self-administered topical
or systemic (dietary) fluorides to at least 85% of people not receiving optimally
fluoridated public water.
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PRESCRIPTION SYSTEMIC FLUORIDE SUPPLEMENTS (DROPS. LOZENGES)
IN NON-FLUORIDATED REGIONS: (regular high schools)
Students (in grade 10) with the lowest use of prescription fluoride supplements
Percentage of students (in grade 10) who have used prescription fluoride supplements
by region and ethnicity
*FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

Asian

1.3

7.9

Black

15.1

13.6

Latino

83

7.0

1.7

White

12.9

29.0

35.4

All

10.2

183

20.6

RURAL

Note: *prescription fluoride supplements are contra-indicated in fluoridated regions
* Fewer than 25 children. However 'All' children includes these categories.
These data include children who may have moved between fluoridated, non-fluoridated and nnal regions and have
used fluoride supplements at some time in the past.
Highest priority for targeting programs to increase the use of prescription fluoride supplements:
<10% of students who have used prescription fluoride supplements
1. Latino students in rural regions (1.7%)
2. Latino students in non-fluoridated urban melons (7.0%)
3. Asian students in non-fluoridated urban regions (7.9%)
10-20% of students who have used prescription fluoride supplements
4. Black students in non-fluoridated urban regions (13.6%)
20-30% of students who have used prescription fluoride supplements
5. White students in non-fluoridated urban regions (29.0%)
30-40% of students who have

prescription fluoride supplements

6. White students in rural regions (35.4%)
Healthy People 2000 Objective: Increase use of professionally or self-administered topical
or systemic (dietary) fluorides to at least 85% of people not receiving optimally
fluoridated public water.
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SCHOOL-BASED FLUORIDE RINSE PROGRAMS: (elementary schools)
Use of fluoride rinses in schools by children (in grades 1-2)
t

I

'1

I
Li
I
by region and ethnicity

EL11921DATIMLIIIRAN

NON-FLUORIDATED

RURAL

11/113.AN
Grades 1-2

gracka

Grades 1-2

Grade 3

glaskall

SmiciLl

Asian

5.5

8.4

23.0

8.5

*

*

Black

5.0

4.8

13.3

16.7

*

*

Latino

223

10.6

15.0

16.7

7.0

18.3

White

13.7

*

21.1

29.7

11.0

6.8

All

14.1

5.2

18.3

22.1

7.1

13.1

* Fewer than 25 children. However 'All children includes these categories.
Targeting of school-based fluoride rinse programs should begin at about first grade when children can spit out
the fluoride rinse, and should be dependent on tooth decay prevalence. Children in fluoridated urban areas should
not be excluded from these school-based fluoride rinse programs. (see section on Treated and Untreated Dental
Caries for priorities on tooth decay prevalence)
SCHOOL-BASED FLUORIDE RINSE PROGRAMS: (regular high schools)
Use of fluoride rinses in schools by students (in grade 10)
Percentage of students (in grade 10) who have used fluoride rinses in schools
by region and ethnicity
FLUORIDATED

NON-FLUORIDATED

URBAN

URBAN

FERAL

Asian

32.4 .

6.0

*

Black

34.0

16.7

*

Latino

36.2

5.9

11.8

White

103

4.5

573

All

243

6.1

343

* Fewer than 25 children. However 'All' children includes these categories.
These data include children who may have moved between fluoridated, non-fluoridated and rural regions and have
used fluoride rinses in school at some time in the past. Compliance with school-based fluoride rinse programs
beyond elementary school has been reported to be poor.
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OVERALL TARGETING OF DENTAL PROGRAMS
PRESCHOOLS

Combined ranking
FLUORIDATED OBAN

NON-FLUORIDATED
URBAN

RURAL

Head Start

Non-Head itAn

Head Start

Notlicad_SAKI

Headitart

acalitadilart

Asian

#2(36)

#10(5)

#2(36)

#12(3)

*

*

Black

#6(20)

#12(3)

#7 (19)

+

*

*

Latino

#8(17)

*

#4(35)

#9(14)

#1(46)

#5(33)

White

+

+

+

+

#10(5)

+

* Less thrIn adequate sample size
+ Did not rank in top 9 for any of the sewn categories

The priority rankings were combined without weighting in seven categories: BBTD, BBTD feeding practices,
untreated dental caries, treated and untreated dental caries, treatment urgency, dental visits, and completing dental
care. Only the top 9 groups in each category were included; 10 points were assigned to the group that ranked
1st; 9 points to the 2nd, and so on. This produced an overall ranking as follows:
I. Latino children in Head Start preschools in rural regions
(ranked 1st in three categories, 2nd in one, and 4th in another, 46 points)
2. Asian children in Head Start preschools in fluoridated urban regions
2. Asian children in Head Start preschools in non-fluoridated urban regions
4. Latino children in Head Star preschools in non-fluoridated urban regions
5. Latino children in non-Head Start preschools in rural regions
6. Black children in Head Start preschools in fluoridated urban regions
7. Black children in Head Start preschools in non-fluoridated urban regions
8. Latino children in Head Start preschools in fluoridated urban regions
9. Latino children in non-Head Start preschools in non-fluoridated urban regions
10. Asian children in non-Head Start preschools in fluoridated urban regions
10. White children in Head Start preschools in rural regions
12. Asian children in non-Head Start preschools in non-fluoridated urban regions
12. Black children in non-Head Start preschools in fluoridated urban regions
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OVERALL TARGETING OF DENTAL PROGRAMS
ELEMENTARY SCHOOLS
Combined ranking
FLUORIDATED

NON-FLUORIDATED

1101,91.

URBAN

LIMN

Asian

#6 (31)

#3 (40)

*

Black '

#10(15)

#5 (34)

#4(37)

Latino

#8 (21)

#1 (54)

#2 (47)

White

+

#7 (22)

#9(19)

* Less than adequate sample size
+ Did not rank in top 9 for any of the six categories

The priority rankings were combined without weighting in six categories: untreated dental caries, treated and
untreated dental caries, treatment urgency, sealants, dental visits, and fluoride supplements. Only the top 9
groups in each category were included; 10 points were assigned to the group that ranked 1st; 9 points to the 2nd,
and so on. This produced an overall ranking as follows:
1. Latino students in non-fluoridated urban regions
(ranked 1st in two categories, 2nd in two, 3rd in two; 54 points)
2. Latino students in rural regions
3. Asian students in non-fluoridated urban regions
4. Black students in non-fluoridated urban regions
5. Asian students in fluoridated urban regions
6. White students in non-fluoridated urban regions
7. Black students in rural regions
8. Latino students in fluoridated urban regions
9. White students in rural regions
10.Black students in fluoridated urban regions
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OVERALL TARGETING OF DENTAL PROGRAMS

HIGH SCHOOLS
Combined ranking
FLUORIDATED
MAN

NON-FLUORIDATED
URBAN

RURAL

Asian

#5 (30)

#4 (45)

*

Black

#8 (11)

#2 (47)

*

Latino

#7 (14)

#1 (56)

#3(46)

White

+

#6 (28)

#9(10)

* Less than adequate sample size
+ Did not rank in top 9 for any of the six categories
The priority rankings were combined without weighting in six categories: untreated dental caries, treated and
untreated dental caries, treatment urgency, periodontal needs, sealants, and fluoride supplements. Only the top 9
groups in each category were included; 10 points were assigned to the group that ranked 1st; 9 points to the 2nd,
and so on. This produced an overall ranking as follows:
.

1. Latino students in non-fluoridated urban regions
(ranked 1st in three categories, 2nd in two, 3rd in one; 56 points)

2. Black students in non-fluoridated urban regions
3. Latino students in rural regions
4. Asian students in non-fluoridated urban regions
5. Asian students

in fluoridated urban regions

6. White students in non-fluoridated urban regions
7. Latino students in fluoridated urban regions
8. Black students in fluoridated urban regions
9. White students in rural regions
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INTRODUCTION
Part 1 of the report provided information on how the dental health of California's preschool children compares
with objectives set for the year 2000. This Preschools Report of the California Oral Health Needs Assessment
provides further information from data collected in preschools between September 1993 and January 1994.
This Preschools Report is divided into sections on demographics. oral health status, risk reduction, and systems
development Objectives in each of these areas were developed in conjunction with the Advisory Committee to
this project.
STUDY DESIGN

(See Study Design section for a full description)

Due to geographic limitations imposed by travel budget restrictions, specific counties were selected to represent
Fluoridated Urban, Non-Fluoridated Urban, and Rural regions. These counties were selected to represent the most
populated urban and fluoridated urban parts of California, and the rural counties in Northern and Central
California that were the most accessible to the examiner and recorder teams
The geographic regions selected were:
1. Alameda/Contra Costa Counties

2. San Francisco County
3. City of Long Beach, Los Angeles County
4. Sacramento, San Joaquin, Santa Clara, and Solano Counties
5. North Los Angeles County
6 South Los Angeles County
7. Orange, Riverside, San Bernardino, and San Diego Counties - North
8. Orange, Riverside, San Bernardino, and San Diego Counties - South
9. Colusa, Glenn, and Lake Counties
10.Fresno County (excluding the city of Fresno)

(Fluoridated Urban)
(fluoridated Urban)
(fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Rural)
(Rural)

These counties represent 12 of the 13 most populated counties, and 77% of the public school population of
California. It should be noted that in the Non-fluoridated Urban regions and the Rural regions there is a range of
fluoride concentration in water supplies, including a small number of optimally fluoridated communities. The
communities that were visited for this survey with known optimally fluoridated areas in the non-fluoridated
urban regions are in part of Solari() county (Vallejo) and in part of the rural region of Fresno county (Coalinga).
Within each of these regions 5 Head Start and 5 non-Head Start preschools were selected at random from the list
of licensed day care facilities and preschools provided by the California Department of Social Services, with a
second set to be contacted as needed. A total of 44 Head Start and 40 non-Head Start preschools agreed to
participate.
With consent, parents provided responses to written questionnaires for 1530 children in the Head Start sites and
1119 children in non-Head Start sites; of these 2649 children, 2520 children received dental screenings by trained
dentists.
‘1.11. 014 \i v ", I . RF sc H oo l. N w t 1. \Aim\
\10(;14 % pi n t s or
• According to the 1990 Census data there were 934,140 children aged 3-4 years of age in California. About
508,310 (54%) of these were in licensed preschools or day care centers. In the sample frame for this survey
. there was a population estimate of 315,267 children in 5514 non-Head Start preschools.
• In 1993 there were 65281 children in Head Start programs in California. In the sample frame for this survey
there was a population estimate of 17,652 children in 467 Head Start preschools.
• With respect to family income, 19% of children aged 0-4 years live in families that are poor, as defined by the
1993 Federal Poverty Level (1990 Census of Population and Housing. Summary Tape File 3 (Corrected).
Population: Poverry Status. Stare of California. State Census Data Center). The 1993 Federal Poverty Level
varies by the number of persons in the family and the annual income: for example, the FPL for a family of 4
persons is an annual income of $14,350. For all children under 5 years of age in California, 41.3% live in
families below 200% of the Federal Poverty Level.
• The ethnic distribution of all children aged 3-4 years in California and of those in Head Start programs is seen
in the following charts where the largest group are Latino/ Hispanic.

DRAFT: 10118194: HP: PRE

1

PRESCHOOL REPORT

DEMOGRAPHICS

Ethnicity of Children in Californi:k

3-4 Year-Olds
in California

Head Start
in California

VVIVe
46%
Black
18%
ASiarl
9'4,

other
1%

Data Sources:
3-4 Year-Olds in California (1990 Census Data. Latinos are of Hispanic Oriein of an nEttactksAWisises and
Others are non-Hispanic)
Head Start in California (Personal Communication: Fay Grad. Head Start Program, L1SPHS Region IX. 1993 data)
. DENim JR..%

R:s_

rppui.A.rip n

st-R

Head Start Survey Sample

Non-Head Start Survey Sample

Lam°
50%

Lame

Whet e

38%
INack
13%

Asan
10%

Omer

Survey Sample: Number of Preschools and Children: with Ethnic Distribution

He.ad Start Prechools

Black
283

Latino
761

White
215

Other

57.8

Asian
153
10.0

18.5

49.7

14.1

7.7

148
13.2

277
24.7

407
36.4

118
10.6

Schools

Children

44

1530

Percent

118

Other Preschools
Percent

4.0

1119
47.1

169
15.1

All Preschools

84

2649
100.0

322

431

1038

622

236

12.2

16.3

39.2

2.3.5

8.9

Percent

Note: Total screened 2520
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Economic Status of Survey Children's Families and Dental Insurance Coverage
(for those who answered these questions)
Dental Insurance

Economic Status

Survey Children

Medi-Cal

Private

Military

giLlq

None

65.5%

6.8%

0.9%

5.0%

21.8%

59.7%

18.1%

49.6%

0.8%

5.3%

26.1%

1653

468

1235

519

17

121

612

Sample percent

77.9%

22.1%

49.3%

20.7%

0.7%

4.8%

24.4%

Estimate percent

43.0%

57.0%

20.6%

47.4%

0.8%

5.3%

25.9%

Poor

Non-Poor

1139

37

Sample percent

96.9%

3.1%

Estimate percent

96.6%

3.4%

514

431

Sample percent

54.4%

45.6%

Estimate percent

40.3%

Head Start Preschools
sample size

Non-Head Start Preschools
sample size

AIL.PigH12215

sample size

Poor: Below 200% of Poverty
The sample percenta g e and (population) estimate percentage differ due to weightin g of the sample participants to
represent the larger population from which they were selected.

Dental Insurance: Preschools; Population Estimate
• Poor

• Non Poor • All

es.2
60 per
40
cent
20-

28.5 z3.725.9

0
Medi-Cal

Private

Other

Military

None

Dental Insurance Status of Survey's Poor and Non-Poor Children:
Distribution ( rk ) of Population Estimate
Dental Insurance

Poor
Non Poor
All

Medi-Cal

Private

Military

- 0_L
.1 er

None

43.7%

19.75

0.4%

7.7%

28.5%

1.8%

69.2%

1.3%

3.9%

23.75

20.6%

47.4%

0.8%

5.3%

25.9%

Poor. Below 200% of Poverty
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All Children

Glossary
All children:
All ethnicities combined, including
Asians, African Americans, Latino/ Hispanics,
White/Caucasians, and Middle Eastern, Native
American/ American Indian or Alaska Native,
or Multi-Ethnic or Other
Asians: All children identified by parents as one of
nine Asian categories: Asian Indian, Chinese,
Cambodian, Filipino, Japanese, Korean,
Vietnamese, Pacific Islander, or Other Asian
All children identified by
African Americans:
parents as African American / Black
All children identified by
Latino/Hispanics:
parents as Mexican American, Central
American, or Other Latino
All children identified by
White/Caucasians:
parents as White/Caucasian
Fluoridated Regions: Schools in urban areas in
water districts considered to have 0.7 ppm or
more fluoride concentration of water supply
Urban Regions: Schools in urban areas in water
districts considered to have less than 07 ppm
fluoride concentration of water supply
Rural Regions: Schools in rural areas in water
districts considered to have less than 0.7 ppm
fluoride concentration of water supply
Age: Age in years at last birthday
N:

Sample Size: Number of consenting children
who were examined and bad questionnaire data.
Insufficient data (fewer than 25 individuals)

Pop Est:

Population Estimate

Female:

Female proportion of sample ( %)

Male:

Male proportion of sample (%)

Mean:

Sum of all value§
Number of Children

SEM:

Standard Error of the Mean
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All Regions
Age
2
3
4
5
Other
Total

N
51
497
1759
302
40
2649

Pop Est Female
22423
41.8
81546
43.5
161654
50.2
55669
33.4
11627
332919
45.0

Male
58.2
56.5
49.8
66.6

Pop Est Female
977
31.8
14549
36.8
24427
53.3
6151
31.6
439
46543
44.7

Male
68.2
63.2
46.7
68.4

Pop Est Female
21331
42.2
65486
44.7
131748
49.7
47708
33.2
11146
44.9
277419

Male
57.8
55.3
50.3
66.8

Pop Est Female
114
41.4
1511
52.9
5480
50.4
1810
44.6
42
49_5
8957

Male
58.6
47.1
49.6 •
55.4

55.0

Fluoridated Regions
Age
2
3
4
5
Other
Total

N
9
180
509
78
7
783

553

Urban Regions
Age
2
3
4
5
Other
Total

N
37
242
967
141
26
1413

55.1

Rural Regions
Aee
2
3
4
5
Other
Total

N
5
75
283
83
7
453

50_5
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Preschools Sample: Age and Sex Distribution by Ethnicity and Region

African Americans

Asians
All Regions

All Regions
Age

2
3
4
5
Other

Total

10
82
191
34
5
322

Pop Est Female
35.2
3356
57.1
9668
63.6
17310
46.7
4545
1782
56.9
36661

Male
64.8
42.8
36.3
533
43.1

Other

Total

N
5
68
138
22

3
236

Pop Est Female
14.2
721
40.7
4588
45.8
8319
74.8
1899
166
46.4
15693

Male
85.8
59.3
54.2
25.2

Age
2
3
4
5

53.6

Total

Other

N

Other

5
11
51
12
2

Total

81

2
3
4
5

Pop Est Female
40.9
2635
72.4
5030
80.2
8954
263
2645
1616
65.4
20880

Male
59.1
27.6
19.8
733
34.6

Male
53.2
333
47.3
42.8
43.1

Pop Est Female
91
47.4
3007
53.8
4755
70.3
1094
28.9
245
9192
593

Male
52.6
46.2
29.7
71.1

Pop Est Female
46.7
523
73.4
5610
46.5
13488
92.2
887
235
55.8
20743

Male
533
26.6
535
7.8

Pop Est

Female

Male

7
2

45
16

33.3
45.9

66.7
54.1

9

61

36.7

633

N
3
51
131
8
3
196

40.5

Age
2
3
4
5
Other
Total

N
2
47
166
10
1
226

44.2

Rural Regions

Rural Regions
Age
2
3
4
5
Other
Total

Pop Est Female
614
46.8
8617
665
18287
52.6
1997
57.1
481
29996
56.9

Urban Regions

Urban Regions
Age

N
5
98
304
20
4
431

Fluoridated Regions

Fluoridated Regions
Age
2
3
4
5

Age
2
3
4
5
Other
Total

N

Pop Est Female

Male

3
2

50
38

333
613

66.7
38.7

5

88

453

54.7
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Age
2
3
4
5
Other
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N
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Preschools Sample: Age and Sex Distribution by Ethnicity and Region

White/Caucasians

LatinolHispanics
All Regions

All Regions
Age
2
3
4
5
Other
Total

N
10
126
780
118
4
1038

Pop Est Female
35.8
9730
38.5
27594
49.6
57120
27.7
24555
2354
41.4
121353

Male
64.2
615
50.4
72.3
58.6

N
1
27
161
15

Pop Est Female
100.0
165
233
3018
4541
633
974
2.5

204

8698

433

Male

763
365
975

565

Pop Est Female
8594
50.1
34871
38.1
67902
46.6
24283
34.7
6891
142541
423

Male
49.9
61.9
53.4
65.3

Pop Est Female

Male

573

Age
2
3
4
5
Other
Total

N
21
48
24

3825
6677
2115

293
43.7
8.4

705
56.3
91.6

93

12617

333

665

Pop Est Female
8547
49.8
30670
39.0
60309
46.8
37.1
21852
6853
128231
43.3

Male
50.2
61.0
53.1
62.9

Urban Regions

Urban Regions
Age
2
3
4
5
Other
Total

N
20
140
347
102
13
622

Fluoridated Regions

Fluoridated Regions
Age
2
3
4
5
Other
Total

Age
2
3
4
5
Other
Total

N
7
61
450
56
4
578

Pop Est Female
9498
35.0
39.7
23497
48111
48.2
27.7
22109
2354
40.6
105569

Male
65.0
60.3
51.8
723
59.4

Age
2
3
4
5
Other
Total

N
17
90
212
52
11
382

56.7

Rural Regions

Rural Regions
Age

N

2

2

Pop Est Female

3

38

67
1079

4
5
Ocher
Total

169
47

4468
1472

50.0
45.1

256

7086

49.1
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53.6

Male

Age

100.0
46.4

2
3
4
5

49.9
54.9
50.9

N
3
29
87
26

Other

2

Total

147

Male
Pop Est Female
47
100.0
46.0
376
54.0
47.7
52.3
915
316
423
575
39
52.2
47.8
1693
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DEMOGRAPHICS

REGIONAL DIFFERENCES IN MEAN AGE AND GENDER DISTRIBUTION OF
HEAD START AND NON HEAD START PRESCHOOL SURVEY POPULATION

All Regions

Preschool

Sample Size

Population
Estimate

Mean Age

SEM

Female

Male

Head Start

1530

17652

4.64

0.03

47.8

52.2

Non-Head Start

1119

315267

4.50

0.10

44.9

55.1

All

2649

332919

4.51

. 0.09

45.1

54.9

Mean Age

SEM

Female

Male

Fluoridated Regions

Preschool

Sample Size

Population
Estimate

Head Start

466

2392

452

0.05

48.5

51.5

Non-Head Start

317

44151

4.32

0.06

44.1

55.8

All

783

46543

4.33

0.05

44.4

55.6

Mean Age

SEM

Female

Male

Urban Regions

Preschool

Sample Size

Population
Estimate

Head Start

948

13830

4.72

0.04

46.6

53.4

Non-Head Start

465

263589

4.53

0.12

45.0

55.0

All

1413

277419

4.54

0.11

45.0

55.0

Mean Age

S EM

Female

Male

Rural Regions

Preschool

Sample Size

Population
Estimate

Head Start

116

1430

4.18

0.08

58.9

41.1

Non-Head Start

337

7527

4.70

0.07

47.6

52.4

All

453

8957

4.55

0.06

49.4

50.6
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MEAN AGE (SEM) AND SEX DISTRIBUTION BY HEAD START STATUS. REGION AND ETHNICITY
Asians
AU Regions
Preschool
Head Start
Non-Head Start
All

Population
Estimate
1467
35194
36661

Mean Age
4.59
4.57
4.57

SEM
0.06
0.17
0.16

Female
38.7
54.8
54.2

Male
61.3
45.1
45.8

Sample Size
102
134
236

Population
Estimate
474
15219
15693

Mean Age
4.25
4.24
4.24 .

SEM
0.10
0.11
0.10

Female
48.0
46.0
46.0

Male
52.0
54.0
54.0

Sample Size
51
30
81

Population
Estimate
993
19887
20880

Mean Age
4.76
4.88
4.87

SEM
0.14
0.38
0.34

Female
34.2
61.6
60.3

Male
65.8
38.3
39.6

Sample Size
0
5
5

Population
Estimate
0
88
88

Mean Age

SEM

Female

Male

4.00
4.00

0.25
0.25

45.3
45.3

54.7
54.7

Mean Age
4.44
4.23
4.24

SEM
0.05
0.11
0.11

Female
46.5
58.0
56.8

Male
53.5
42.0
43.2

Estimate

Mean Age

821
8371
9192

4.30
4.22
4.22

SEM
0.08
0.16
0.16

Female
48.1
59.0
58.0

Male
51.9
41.0
42.0

Sample Size
153
169
• 322

Fluoridated Regions
Preschool
Head Start
Non-Head Start
All
Urban Regions
Preschool
Head Start
Non-Head Start
All
Rural Regions
Preschool
Head Start
Non-Head Start
All

African Americans
All

Regions

Preschool
Head Start
Non-Head Start
All

Sample Sim
283
148
431

Population
Estimate
3098
26898
29996

Fluoridated Regions
Population
Preschool
Head Start
Non-Head Start
All

Sample Size
130
66
196

Urban Regions
Preschool
Head Start
Non-Head Start
All

Sample Size
150
76
226

Population
Estimate
2268
18475
20743

Mean Age
4.49
4.24
4.25

S EM
0.07
0.15
0.14

Female
45.8
57.5
56.3

Male
54.2
42.4
43.7

Sample Size
3
6
9

Population
Estimate
9
52
61

Mean Age
4.77
4.78
4.78

SEM

Female
66.7
31.6
36.7

Male
33.3
68.4
63.3

Rural Regions
Preschool
Head Start
Non-Head Start
All
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DEMOGRAPHCS

MEAN AGE (SEM) AND SEX DISTRIBUTION BY HEAD START STATUS. REGION AND ETHNICITY
Latinos/Hispanics
All Regions
Preschool
Head Start
Non-Head Start
All

Population
Estimate
9546
111807
121353

Mean A
4.66
4.54
4.56

SEM
0.04
0.16
0.13

Female
503
41.8
425

Male
49.5
58.2
575

Sample Size
180
24
204

Population
Estimate
840
7858
8698

Mean Age
4.62
4.25
4.32

SEM
0.05
0.12
0.11

Female
48.7
42.9
43.5

Male
513
57.1
563

Sample Size
506
72
578

Population
Estimate
7438
98131
105569

Mean Age
4.76
4.56
4.59

SEM
0.05
0.19
0.16

Female
49.3
41.4
41.9

Male
50.7
58.6
58.1

Mean Age
4.17
4.72
4.53

SEM
0.08
0.08
0.07

Female
58.9
46.9
49.1

Male
41.1
53.1
50.9

:

ii

le Size
761
277
1038

Fluoridated Regions
Preschool
Head Start
Non-Head Start
All
Urban Regions
Preschool
Head Start
Non-Head Start
All
Rural Regions
Population

Preschool
Head Start

Non-Head Start
All

Sample Size
75
181
256

Estimate
1268
5818
7086

WhiteslCaucasians
All Regions
Preschool
Head Start
Non-Head Start

Population
Estimate
3361
139180
142541

Mean Age
4.60
4.52
452

SEM
0.07
0.14
0.14

Female
453
42.4
42.4

Male
545
57.6
57.6

Sample Size
26
67
93

Population
Estimate
238
12379
12617

Mean Age
5.33
4.54
4.54

SEM
0.22
0.16
0.16

Female
51.2
33.2
33.5

Male
48.8
66.8
66.5

Sample Size
162
220
382

Population
Estimate
2981
125250
128231

Mean Age
436
4.51
451

SEM
0.07
0.15
0.15

Female
44.4
43.2
43.2

Male
55.6
56.8
56.8

Sample Size
27
120
147

Population
Estimate
142
1551
1693

Mean Age
4.43
4.66
4.65

SEM
0.04
0.17
0.15

Female
58.9
50.9
51.5

Male
41.1
49.1
48.5

Sample Size
215
407

622

All

Fluoridated Regions
Preschool
Head Start
Non-Head Start
All
Urban Regions
Preschool
Head Start
Non-Head Start
All
Rural Regions
Preschool
Head Start
Non-Head Start
All
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ETHNIC DISTRIBUTION BY REGION OF HEAD START AND NON HEAD START PRESCHOOL

SAMPLE
Head Start Preschool Sample
Region
All Regions
percent
Fluoridated
percent
Urban
percent
Rural

Asian

Black

Latino

White

Other

Total

153

283

761

215

118

1530

10.0%

18.5%

49.7%

14.0%

7.7%

100%

102

130

180

26

28

466

21.9%

27.9%

38 .6%

5.6%

6.0%

100%

51

150

506

162

79

948

5.4%

15.8 %

53.4%

17.1%

8.3%

100%

0

3

75

27

11

116

2.6%

64.7%

23.3%

9.5%

100%

percent

Non-Head Start Preschool Sample
Region
All Regions
percent
Fluoridated
percent
Urban
percait
Rural
percent

Asian

Black

Latino

White

Other

Total

169

148

277

407

118

1119

15.1%

13.2%

24.7%

36.4%

10.5%

100%

134

66

24

67

26

317

42.3%

20.8%

7.6%

21.1%

82%

100%

30

76

72

220

67

465

6.4%

16.3%

15.5%

47.3%

14.4%

100%

5

6

181

120

25

337

1.5%

1.8%

53.7%

35.6%

7.4%

100%

Total Preschool Sample
Region
All Regions
percent
Fluoridated
percent
Urban
percent
Rural
percent
DRAFT: 10118/94: HP: PRE

Asian

Black

Latino

White

Other

Total

322

431

1038

622

236

2649

122%

163%

392%

23.5%

8.9%

100%

236

196

204

93

54

783

30.1%

25.0%

26.0%

11.9%

6.9%

100%

81

226

578

382

146

1413

5.7%

16.0%

40.9%

27.0%

10.3%

100%

5

9

256

147

36

453

1.1%

2.0%

563%

32.4%

8.0%

100%
10
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DEMOGRAPHCS
ETHNIC DISTRIBUTION BY REGION OF

HEAD START AND NON HEAD START PRESCHOOL POPULATION ESTIMATE
Head Start Preschool POPULATION ESTIMATE
Asian

Black

Latino

White

Other

Total

All Regions

1467

3098

9546

3361

180

17652

percent

8.3%

17.6%

54.1%

19.0%

1.0%

100%

'474

821

840

238

19

2392

19.8%

34.3%

35.1%

9.9%

0.8%

100%

993

2268

7438

2981

150

13830

7.2%

16.4%

53.8%

21.6%

1.1%

100%

0

9

1268

142

11

1430

0.6%

88.7%

9.9%

0.8%

100%

Region

fluoridated
percent
Urban
percent
Rural
patent

Non-Head Start Preschool POPULATION ESTIMATE

V
16.

Region

Asian

Black

Latino

White

Other

Total

All Regions

35194

26898

111807

139180

2188

315267

percent

11.2%

83%

35.5%

44.1%

0.7% .

100%

Fluoridated

15219

8371

7858

12379

324

44151

percent

345%

19.0%

17.8%

28.0%

0.7%

100%

Urban

19887

18475

98131

125250

1846

263589

percent

7.5%

7.0%

37.2%

475%

0.7%

100%

88

52

5818

1551

18

7527

12%

0.7%

773%

20.6%

0.2%

100%

Rural

percent

TOTAL PRESCHOOL POPULATION ESTIMATE
Region

Asian

Black

Latino

White

Other

Total

All Regions

36661

29996

121353

142541

2368

332919

percent

11.0%

9.0%

36.4%

42.8%

0.7%

100%

Fluoridated

15693

9192

8698

12617

343

46543

percent

33.7%

19.7%

18.7%

27.1%

0.7%

100%

Urban

20880

20743

105569

128231

1996

277419

percent

73%

73%

38.1%

46.2%

0.7%

100%

88

61

7086

1693

29

8957

1.0%

0.7%

79.1%

18.9%

0.3%

100%

Rural
patent
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ORAL IIE:%1:1 . 11

STATES: I: ENTREATED DENTAL CARIES

Indicator

Percentage of children with 1+ decayed primary teeth (dt), and distribution and mean number of
decayed teeth and tooth surfaces

Purpose

To indicate the degree of access to. and utilization of, dental treatment services as evidenced by
untreated dental caries.

Data Source Examination Survey
Methods

Each preschool child was screened by a trained dentist.

Results

Of all preschool children, 27.2% have some untreated tooth decay (1+ decayed primary teeth:
dt): conversely, 72.8% of preschool children have no evidence of untreated tooth decay (zero dt).
There is a wide range of the percentage of children affected by untreated tooth decay for groups
identified by ethnicity, region, and the type of preschool they attend. Latino children in Rural
Non-Head Start preschools had the highest percentage (56.0%) of untreated tooth decay of any
group. White children in Fluoridated areas in Non-Head Start preschools were the group with the
Lowest percentage (5.1%) of untreated tooth decay.
On average, there are 0.82 untreated decayed primary teeth per preschool child.
Among the subgroups there is a wide range of the mean number of untreated decayed primary
teeth. Latino children in Rural Non-Head Start preschools had the highest mean number of
untreated decayed teeth (228 dt) of any group. White children in Fluoridated areas in Non-Head
Start preschools were the group with the lowest mean number of untreated decayed teeth (0.10
di).

Conclusion There is no Healthy People 2000 Objective for the prevalence of untreated dental caries in
preschool children, mainly due to the lack of representative data. Thus an objective should be
established using these data as a baseline. It is suggested that the objective should be to reduce
the prevalence of untreated tooth decay (as measured by one or more decayed primary teeth) in
preschool children to no more than 20% for any group. and no more than an average of one
decayed primary tooth surface per child.

UNTREATED DENTAL CARIES:
Distribution by number of teeth affected
II Head Start

B Non Head Start II All Preschools

80
60
per
cent

40
20
0

Pistributinn (%1 of children %tiff) O. 1-4. 5-8. 9 + decked primar) teeth (dt1
Mean dt

Mean d_s

0 (It

1-4 (It

Head Start

1.66

2.84

54.3%

37.77(

Nun-Head Start

0.78

1.33

73.8%

All Preschools

0.82

1.40

72.87(

21.9%

•-8 (It

9- (It

9.5

3.6%

3.6%

1.2%

4.0%

1.4%
1
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UNTREATED DENTAL CARIES:
Number of teeth and tooth surfaces affected

PRESCHOOLS
ALL REGIONS

• Mean dl 0 Mean ds
2.43

2.5
2
Mean number of 1.5
teeth or surfaces
1
per child
0.5
0
Blacks

Asians
Mitanj_ign
t her

Whites

Latinos

All

of teeth WO and tooth stufaces ((I) %iith untreated okay Der preschool child by ethnicity
UNTREATED DENTAL CARIES:
Number of tooth surfaces affected

ALL PRESCHOOLS

• Rural

• Fluoridated • Urban

0 All

3.36
2.79

3Mean number of
tooth surfaces 2per child
1-

0.11

0.420.450.39

.1M111--1

Asians

All

Whites

Latinos

Blacks

Mean number of tooth surfaces (d) vvith untreated dem per preschool child; by ethnicity and region

UNTREATED DENTAL CARIES:
Number of tooth surfaces affected

ALL REGIONS

I• Head Start
4Mean .number of

3.93
3.37
28.4

231

3-

tooth surfaces 2per child

• Non Head Start • All

1.51 1.61

2.35 243
182 189

1.33 1.4

1.15

1-

0 38 0.39

0
Asians
I _II

I

I.O
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Blacks
.

;0_

All

Whites

Latinos
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UNTREATED DENTAL CARIES:
Number of tooth surfaces affected

FLUORIDATED
URBAN REGIONS

4-

• Head Start

D Non Head Start • All

3.49

3
Mean number of .

258

2.43

2.1

tooth surfaces 2per child
1-

1.32 1.43

as

0.87 0.95

0.82

0.76 0.84
0.1 0.11

0

Asians

Blacks

Latinos

Whites

All

Nem number of tooth surfaces tdcl with untmted decay per preschool child by ethnicity and Head Start status in Fluoricktted Urban Regions

UNTREATED DENTAL CARIES:
Number of tooth surfaces affected

NON FLUORIDATED
URBAN REGIONS
5-

I•

Head Start

4.15

4.
Mean number of
tooth surfaces

El Non Head Start • All

3.48

3-

2.47

2.07 217

2.85

2.41 2.48

2.05 al

2

per child

1.38 1.46

1.14
OA 0.42

0

1

Asians

Blacks

Whites

Latinos

All

Mean number of tooth surfaces (c) with tmtreatecl eec-43 per preschool child
b_Lgila.gsibLasiatddltart..2suLin1Sil_itionskteladriwal
lF
R

UNTREATED DENTAL CARIES:
Number of tooth surfaces affected

RURAL REGIONS

• Head Start

359

41

Mean number of

341

331 3.36

2.67 2.79

3.
19

tooth surfaces 2 per child
1-

flL. SI St

0.31

Insufficient Data
Asians

;:i

U Non Head Start • All

.

L..k"

Blacks
ih

Latinos

7.1 eja.

0.43

Whites
lul

I

All

V i

in Rum( Rel,ions
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UNTREATED DENTAL CARIES:
Distribution by number of teeth affected
II 0 Pt

El 1-4

dt • 5-8 dt 0 9+ dt

10080per

86.1
72.8

70.4
60.5

60-

cent 403.3

20-

0.6 0

Whites

Mean number per child of decayed primary teeth (dt) and tooth surfaces (ds): and
Distribution (%) of children with O. 1-4. 5-8. 9+ decayed primary teeth (dt)
ALL REGIONS
All Children
di

5-8th

9+ dt

54.3%

32.7%

9.5%

3.6%

1.33

73.8%

21.35

3.6%

1.7%

1.40

72.8%

21.9%

4.0%

1.4%

Mean (It

Mean ds

0 dt

Head Start

1.66

2.84

Non-Head Start

0.78

All Preschools

0.82

1-4

Asian
Mean dt

Mg11.4..5

CI dt

1-4 dt

5-8 dt

9+ dt

Head Start

2.19

3.93

46.5%

33.9%

16.8%

2.8%

Non-Head Start

0.85

1.51

71.4%

23.7%

2.5%

2.3%

All Preschools

0.91

1.61

70.4%

24.1%

3.1%

2.3%

Q1!

1-4 ch

5-8th

9+ dt

African American
Mean di

isj ea

(ls

Head Start

1.63

2.51

55.1%

30.3%

12.0%

2.6%

Non-Head Start

1.21

1.82

61.7%

31.9%

3.8%

2.6%

All Preschools

1.25

1.89

61.0%

31.8%

4.6%

2.6%

Latino
jsigan

Mean ds

0 dt

1-4 dt

5-8 dt

9+ dt

Head Start

1.88

3.37

51.1%

34.7%

9.1%

5.2%

Non-Head Start

1.30

2.35

61.3%

28.5%

8.1%

2.1%

All Preschools

1.35

2.43

60.5%

29.0%

8.1%

2.4%

White
Mean (It

Mean ds

0th

1-4 di

5-8 di

9+ dt

Hml Start

0.82

1.15

66.0%

28.5%

5.1%

0.4%

Non-Head Start

0.26

0.38

86.6%

13.0%

0.55

0.0%

All Preschools

0.27

0.39

86.1%

13.3%

0.65

0.0%
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FLUORIDATED
URBAN REGIONS

UNTREATED DENTAL CARIES:
Distribution by number of teeth affected
dt

• 0 dt 101-4 dt • 5-8 dt 0

94 .3

100 -

80 -

771

73.9

per 60-L-

cent 4020-

0
Asians

All

Whites

Latinos

Blacks

Mean number per child of decayed primary teeth WO and tooth surfaces (ds1; and
Distribution %I of children with 0. 1-4. 5-8. 9+ decayed primary teeth WO
FLUOR/DATED URBAN REGIONS
All Children
5-8 dt

9-, dt

32.9%

8.3%

2.8%

21.4%

3.2%

0.5%

22.0%

3.4%

0.6%

Mean dt

LteM-.

0 dt

1-4 dt

1.58

2.43

56.0%

Head Start
Non-Head Start

0.62

0.76

74.9%

All Pre-schools

0.66

0.84

73.9%
Asian

Mgajiill

Mean ds

0 dt

1-4 dt

5-8 dt

9- dt

Head Start

2.15

3.49

51.1%

31.7%

11.9%

5.3%

Non-Head Start

0.68

0.87

77.9%

16.4%

5.4%

0.3%

All Preschools

0.72

0.95

77.1%

16.8%

5.6%

0.5%

African American
Mean dt

Mean ds

0th

-4_dt
1_

5-8 dt

9- dt

He.ad Start

1.54

2.58

59.6%

26.8%

11.6%

1.9%

Non-Head Start

0.99

1.32

57.3%

38.4%

4.3%

0.0%

All Preschools

1.04

1.43

57-5%

37.4%

5.0%

0.2%

Q(11 ,

1-4 dt

5-8 (4

g- (It

Latino
Mean dt

Mean ds

Head Start

1.48

2.10

53.4%

39.1%

4.4%

3.0%

Non-Head Stan

0.90

0.95

56.3%

39.2%

2.4%

2.15

All Preschools

0.96

1.06

56.0%

39.2%

2.6%

2.2%

White
Mean dt

Mean ds

0 dt

1-4 (It

5-8 dt

9- dt

Head Start

0.82

0.82

62.5%

34.8%

2.75

0.0%

Nun-Head Start

0.10

0.10

94.9%

5.1%

0.0%

0.0%

All Preschools

0.11

0.11

94.3%

5.6%

0.0%

0.05
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UNTREATED DENTAL CARIES:
Distribution by number of teeth affected

NON
FLUORIDATED
URBAN REGIONS

• 0 dt

100 80 -

dt

1-4 dt • 5-8 dt

85.3

732
64.9

62.6

61.8

per 60cent 40 20 0

Blacks

Asians

All

Whites

Latinos

Mean number per child of decayed primary teeth WO and tooth surfaces WO: and
Distribution (%) of children with 0. 1-4. 5-8. 9+ decayed primary teeth (dt)

NON-FLUORIDATED URBAN REGIONS
All Children
9+ dt

Mean dt

Mean ds

0 dt

j-4 dt

5-8 dt

Head Start

1.65

2.85

53.3%

33.4%

9.8%

Non-Head Start

0.77

1.38

74.3%

20.9%

3.5%

All Preschools

0.82

1.46

73.2%

21.5%

3.9%

1.4%

35%
_

1.3%

Asian
1n4_10_s_
ls

0th

1-4 dt

5-8 dt

9+ dt

11

4.15

44.1%

35.0%

19.3%

1.6%

Non-Head Start

1.00

2.07

66.0%

30.0%

0.0%

4.0%

All Preschools

1.06

2.17

64.9%

30.2%

1.0%

3.9%

14.iii

5-8 dt

9+ dt
2.7%

Me.an dt
Head Start

African American
Mean ds

Mean dt

0th

Head Start

1.65

2.47

53.6%

31.6%

12.2“,7,

Non-Head Start

1.31

2.05

63.7%

28.9%

3.5%

3.8%

All Preschools

. 1.35

2.10

62.6%

19.7%

4.5%

3.7%

Latino
Mean dt

Mean ds

0 dt

I4dt

5-8 dt

9-, dt

Head Start

1.91

3.48

49.1%

35.7%

9.9%

5.3%

Non-Head Start

1.28

2.41

62.8%

27.0%

8.2%

All Preschools

1.32

2.48

61.8%

27.6%

8.3%

2.2%

.

2.0%

White
Mean dt

Mean ds

0th

1 -4 dt

5-8 dt

9+ dt

Heal Start

0.80

1.14

66.5%

28.3%

4.8%

0.5%

Non-Head Start

0.28

0.40

85.7%

13.8%

0.5%

0.0%

All Preschools

0.29

0.42

85.3%

14.1%

0.6%

0.0%
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RURAL REGIONS

UNTREATED DENTAL CARIES:
Distribution by number of teeth affected
• 0 Ot

ID 1-4 dt 11

dt 9+ dt

100-

84.6

80 per 60--

542

47

cent 40 20

Insufficient Data

0
Asians

Blacks

Whites

Latinos

All

Mean number per child of decayed primary teeth (dt) and tooth surfaces (ds): and
Distribution (%) of children with 0. 1-4. 5-8. 9+ decayed primary teeth (dt)
RURAL REGIONS

All Children
Mean di

Mean (L5

0 dt

1-4 dt

5-8 dt

9- dt

Head Start

1.94

3.41

60.7%

25.6%

8.1%

5.6%

Non-Head Start

1.85

2.67

53.0%

33.4%

10.3%

3.3%

All 'Preschools

1.86

2.79

54.2%

32.1%

10.0%

3.7%

5-8 di

dt

1-4 di

5-8 di

9+ dt

Asian
(fewer than 25 individuals in sample)
Mean dt

Mean d

1-4 di

0th

Head Start
Non-Head Start
All Preschools
African American
(fewer than 25 individuals in sample)
0th

Mean dt

Mean d

Mean di

Mean ds

0 di

j -4 di

5-8 di

9- dt

Head Start

2.01

3.59

60.7%

25.8%

7.4%

6.0%

Non-Head Start

2.28

3.31

44.0%

38.5%

13.2%

4.3%

All Preschools

2.23

3.36

47.0%

36.3%

12.2%

4.6%

9- dt

Head Start
Non-Head Start
All Preschools
1.atino

White
Head Start

Mean di

Mean ds

0th

1-4 di

5-8 di

1.36

1.90

62.3%

22.6%

15.1%

0.0%

13.2%

0.0%

0.0%

14.0%

1.4%

0.0%

Non-Head Start

0.28

0.31

86.8%

All Preschools

0.37

0.45

84.65;
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Arrii sTvrt . s: 2: TRuATED AND UNTREATED DENTAL CARIES

ORAL
thdicator

Percentage of children with 1+ decayed, extracted, or tilled priinary teeth (1+ deft) and
distribution and mean number of such teeth and tooth surfaces

Purjose

To describe overall caries prevalence and indicate the degree of need for preventive programs.

Data Source Examination Survey

Each preschool child was screened by a trained dentist

Methods

Results Of all preschool children, 31.2% have had some treated and untreated tooth decay (1+ decayed,

extracted, or filled primary teeth: deft): conversely. 68.8% of preschool children have no evidence
of having had tooth decay (zero deft).
There is a wide range in the percentage of children with treated and untreated tooth decay tingroups identified by ethnicity. region, and the type of preschool they attend. Asian children in
Non Fluoridated Urban areas in Head Start preschools had the highest percentage (79.1%) of
untreated or treated tooth decay. White children in Fluoridated Urban areas in Non-Head Start
preschools were the group with the lowest percentage (9.8%) of untreated or treated tooth decay.
On average, there are 1.26 decayed, extracted, or filled primary teeth (deft) per preschool child.
Among the subgroups there is a wide range in the mean number of treated and untmated decayed
primary teeth. Asian children, in Non Fluoridated Urban areas, in Head Start preschools had the
highest mean number of treated or untreated tooth decay (4.49 deft). White children, in
Fluoridated Urban areas, in Non-Head Start preschools were the group with the lowest mean
number of treated or untreated decayed teeth (0.27 deft).
Conclusion There is no Healthy People 2000 Objective for the prevalence of dental caries in preschool

children, mainly due to the lack of representative data. Thus an objective should be established
using these data as a baseline. It is suggested that the objective should be to reduce the
prevalence of treated and untreated tooth decay (as measured by one or more decayed, extracted, or
filled primary teeth) in preschool children to no more than 20% for any group, and no more than
an average of one decayed. extracted, or tilled primary tooth (or two tooth surfaces) per child for

any group.
ALL REGIONS

DENTAL CARIES:
istribution of children by number of teeth affected
• Head Start

100 70.9

80 per

60 -

cent

40 -

40

7

121 Non Head Start

88.8

• All Preschools

;74
20.3 20.8

20 -

10.9
3.4 • 3.7

1

o
None

lto4

9+

5 to 8

Number of decayed. extracted, or filled teeth
Distribution of Precchool children hy number of primar) teeth affected by dental cariec
Distribution (Ft) of chilciren %tith 0, 1-4, 5-8. 9+ ciao ed ex-tracted or filled pOinar)

teeth (tht)

deft

1-4 deft

5-8 deft

9+ deft

Head Start

40.7%

30.0%

19.0%

10.3%

Non-Head Start

70.3%

20.3%

6.0%

3.4%

All Preschools

68.8%

20.8%

6.7%

3.7%
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DENTAL CARIES: PRESCHOOLS
0 okid / deft • 0/0e deft 0 ot / deft ill mean aett
4

100%
90% 80% 70% 60% -

percent

2 deft

50% 40:/o
30% 20% 10% 0%

Head Start

0

1

1
Non Head Start

All Preschools

Mean number of decayed. extracted. or filled primal-) teeth (deft) per preschool child
and proportion of deft by components (decayed. extracted, and filled)
Mean number (and standard error of the mean) of decayed, extracted. or filled
primary teeth (deft) and proportion of deft by components d. e, f
mean deft

SEM,

%d / deft

%e / deft

%f/ deft

Head Start

3.06

0.16

54.3%

4.7%

41.0%

Non-Head Start

1.16

0.21

67.1%

3.3%

29.6%

All Preschools

1.76

0.20

65.4%

3.5%

31.0%

range for deft: 0-20

TOOTH SURFACE DATA
Distribution ( ) of children with 0. 1-4, 5-8. 9+ decayed, extracted. or filled
primary tooth surfaces (clefs)
9+ defs
5-8 defs
1-4 clefs
(Isitt
Head Start

41.0%

22.0%

11.9%

25.0%

Non-Head Start

70.5%

15.8%

5.0%

8.7%

All Preschools

69.0%

16.2%

5.3%

9.5%

range for deft: 0-20
Differences between 0 defs and 0 deft due to a few inconsistencies in data recording
Mean number (and standard error of the mean) of deca n ed. extracted. or filled
priniarn tooth surfaces (deli) and proportion of defs h n components d. e. f
ci f / defs
5 e / clefs
5c1 / clefs
SEM
mean clefs
Head Start

6.21

Non-Had Start

225

All Preschools

2.46

•

0.32

45.7%

9.5%

44.75

0.47

58.9%

7.5%

33.6%

0.44

57.17(

7.87(

35.1%

ranee for clefs: 0-88
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TREATED AND UNTREATED DENTAL CARIES:
Number of teeth and tooth surfaces affected

PRESCHOOLS:
ALL REGIONS

• Mean deft 1:3 Mean defs
3.88

3.52

4

Mean number of 3
teeth or surfaces 2
1
per child

227

1.87

2.46

1.91
1.26

1.09
0.59
mem

t
Latinos

Blacks

Asians

Whites

All

Mean number of decayed. extracted. and filled primary teeth (deft) and tooth surfacesadels)
per oreschool child: by ethnicity

TREATED AND UNTREATED DENTAL CARIES:
Number of tooth surfaces affected

PRESCHOOLS:
ALL REGIONS

• Fluoridated • Urban

• Rural
7.24

8Mean number of 6tooth surfaces 4per child
20

0 All

3.51 3.52

2.79

3B

3.52

3.88
1.&5

0,67 1.12 1.37 1.09

nil

2.

2.46

NENEMI-1 I

227F

Asians

6.06

Blacks

Latinos

All

Whiles

Mean number of decayed. extracted. and filled primary tooth surfaces (clefst
per preschool child: by ethnicity and region

DENTAL CARIES: (defs)
Number of tooth surfaces affected

ALL REGIONS

• Head Start
Mean number 10 of decayed. 8 6extracted,
or filled tooth 4surfaces
2per Child
0

• Non Head Start • All Preschools

889
7X,
62'

Asians

Blacks

Latinos

Whites

All

Mean number of decayed. extracted, and filled primary tooth surfaces (clefs)
per preschool child: by ethnicit% and Head Start status
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REGIONS

DENTAL CARIES: (des)
Number of tooth surfaces affected
• Head Start

Mean number 10 of decayed, 8
6
extracted,
or filled tooth 4surfaces
2_
per child
0

5.34

Asians

Blacks

•

Non Head Start • All Preschools
505

Whites

Latinos

All

Mean number of decayed. extracted. and filled primary tooth surfaces (clefs) per preschool
child; by ethnicity and Head Start status in Fluoridated Urban Regions

DENTAL CARIES: (defs)
Number of tooth surfaces affected

NON-FLUORIDATED
URBAN REGIONS
number 10of decayed, 8extracted,
or filled tooth
surfaces
per child

Mean

• Head Start

9.17

8 Non Head Start • All Preschools
736
6 13

299

2.26 245
1.08 1.12

Asians

Blacks

All

Whites

Latinos

Mean number of decayed. extracted. and filled primal-) tooth surfaces (clefs) per preschool
rInc
I
MI' •
ci. Ni
I ,. s

DENTAL CARIES: (defs)
Number of tooth surfaces affected
Non Head Start • All Preschools
• Head Start

RURAL REGIONS

95

Mean number 10
of decayed. 86
extracted,
or filled tooth 4
surfaces

per child

2
0

596
6 75

7
506

4

Insufficient Data
Asians

Blacks

Latinos

Whites

All

Mean number of decayed. extracted. and filled primary tooth %tirface (clefs)
per preschool child: hy etlinicih and Head Start status in Rural Re:ions
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ALL PRESCHOOLS:
ALL REGIONS

TREATED AND UNTREATED DENTAL CARIES:
Distribution by number of teeth affected
•0 deft LI 1-4 deft • 5-8 deft 09+ den

100-,
80-

81.3
69.8

662

per 60cent 40-

24.3

20-

5.8 3.7

NI

,„. 1.

Latinos

Blacks

Asians

Whites

fill

I•

Thstlibution 1%) of

All

U.t1

chilcktn with 0. 1-4. 5-8.9+ &caved extracted or filled orimary teeth (&f/)
ALL REGIONS
All Children
1-4 deft

5-8 deft

2-2s1.6

40.7%

30.0%

19.0%

10.3%

70.3%

20.3%

6.0%

3.4%

68.8%

20.8%

6.7%

3.7%

Mean deft

Mean defs

0 deft

3.06
1.16

6.21
2.15

1.26

2.46

Head Start
Non-Head Start

All Pre.schools

Asian
Mean deft

Mean defs

0 deft

1-4 deft

5-8 deft

9+ deft

Head Start

4.3"

• 8.89

24.7%

29.0%

32.5%

13.7%

Non-Head Start

1.09

1.99

68.0%

24.1%

4.6%

3.2%

All Preschools

1.2'

2.27

66.2%

24.3%

5.8%

3.7%

African American
Mean deft

Mean del

0 deft

1-4 deft

5-8 deft

9 + deft

Head Start

2.54

47.0%

27.8%

17.4%

7.8%

Non-Head Start

1.80

5.06
3.34

57.07(

30.39i

6.6%

6.1%

All Preschools

1.87

3.52

56.0%

30.0%

7.7%

6.3%

Mean deft

Mean dek

0 deft

1-4 deft

5-8 deft

9+ deft

Head Start

3.58

7.33

12.7%

1.77

3.59

32.6%
24.8%

21.1%

Non-Head Start

33.6%
59.7%

9.6%

5.8%

All Preschools

1.91

3.88

57.7%

25.4%

10.5%

6.4%

Latino

1Vhite
Mean deft

Mean dek

0 deft

1-4 deft

5-8 deft

9+ deft

Heal Start

1.50

2.96

62.2%

24.8%

8.65

4.4%

Non-Head Start

0.57

1.04

81.7%

13.9%

3.5%

0.9%

All Preschools

0.59

1.09

81.3%

14.1%

3.6%

1.0%
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ALL PRESCHOOLS:
FLUORIDATED
URBAN REGIONS

TREATED AND UNTREATED DENTAL CARIES:
D'stribution by number of teeth affected
• 0 deft

GI

1-4 deft • 5-8 dett 09+ deft

89.5

100
80
per 60
cent 40
20
0

693

17.9
59 2.7

Asians

All

Whites

Latinos

Blacks

Mean number per child of decayed extracted or filled primary teeth (deft) and tooth .surface.s (eet's); and
Distribution (%) of dtildrm with 0. 1-4. 5-8. 9+ ckcayed extmcted or filled primary teeth (ft)

FLUORIDATED URBAN REGIONS
All Children
1-4 deft

5-8 deft

9+ deft

44.3%

34.0%

13.3%

8.4%

3.8%

2.6%

4.3%

2.9%

Mean deft

Mean def4

f.:21.__,
left

2.62

5.05

Head Start
Non-Head Start

0.97

1.69

70.8%

713%

All Preschools

1.05

1.85

69.5%

23.3%

Asian
Mean deft

Mean defs

0 deft

IzIclell

• 5-8 deft

9+ deft

Head Start

4.00

8.32

32.3%

30.2%

22.7%

14.9%

Non-Heal Start

0.96

1.46

74.8%

17.5%

5.4%

2.3%

All Preschools

1.05

1.66

73.5%

17.9%

5.9%

2.7%

African American
Mean deft

iLl_eaiL&Ls

0 deft

.1-.
.. ckft

5-8 deft

9+ deft

Head Start .

2.52

5.34

50.6%

26.6%

14.6%

8.2%

Non-Head Start

1.74

3.34

50.6%

37.0%

7.1%

5.3%

All Preschools

1.80

3.51

50.6%

36.0%

7.8%

5.6%

Latino
Mean deft

Mean defs

0 deft

lilkfl

5-8 deft

9- deft

Head Start

2.29

3.74

43.2%

41.2%

8.5%

7.1%

Non-Head Start

1.25

2.01

54.1%

39.2%

2.4%

4.3%

All Preschools

1.35

2.17

53.1%

39.4%

3.0%

4.6%

White
Mean deft

Mean clefs

0 deft

..
I..._4 Acji

5 - 8 deft

9- deft

Head Start

1.25

1.65

50.3%

44.2%

5.5%

0.0%

Non-Head Stan

0.27

0.65

90.2%

9.2%

0.6%

0.0%

All Preschools

0.29

0.67

89.5%

9.8%

0.7%

0.0%
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TREATED AND UNTREATED DENTAL CARIES:
Distribution by number of teeth affected

ALL PRESCHOOLS:
NON-FLUORIDATED
URBAN REGIONS

• 0 deft

• 1-4

deft • 5-8 deft 9 4- deft

100
69.5

80

per 60

cent 40
20
0
All

Whites

Latinos

Blacks

Asians

lean number per child of &owed extracted or filled primary teeth (deft) and tooth surfaces (defs): and
if

IL

•1

I

•

'

h14

_tt

I

II

L

L

NON-FLUORIDATED URBAN REGIONS
All Children
Mean deft

Mean clefs

Ltd

1-4 deft

5-8 deft

9slelt.

Head Start

3.02

6.13

40.0%

30.2%

19.4%

10.4%

Non-Head Start

1.14

2.26

71.0%

19.6%

6.0%

3.3%

All Preschools

1.23

2.45

69.5%

20.1%

6.7%

3.7%

Asian
Mean deft

Mean defs

Lz_e
l fi

1-4 deft

5-8 deft

_2_9- ckft

Head Start

4.49

9.17

20.9%

28.5%

37.5%

13.2%

Non-Head Start

1.20

2.46

62.2%

29.7%

4.0%

4.0%

All Preschools

1.36

2.79

60.1%

29.6%

5.7%

4.5% •

African American
Mean deft

Mean defs

0 deft

1-4 deft

5-8 deft

94-_11_t
e

Head Start

2.54

4.96

45.8%

28.2%

18.5%

7.5%

Non-Head Start

1.83

3.34

60.0%

27.2%

6.5%

All Preschools

1.90

3.52

58.4%

27.3%

6.3%
7.7%

6.6%

Latino
Mean deft

Mean clefs

°cleft

1-4 deft

5-8 deft

9t_clg_t

Head Start

3.60

7.36

33.7%

1.70

3.53

23.3%

21.7%
9.3%

13.3%

Non-Heacl Stan

31.3%
61.7%

All Preschools

1.83

3.80

59.6%

24.0%

10.2%

6.2%

5.6%

White
Mean deft

Mean defs

0 deft

1-4 deft

5-8 deft

9- -c_i_
le I

Heal Start

1.49

2.99

63.5%

23.3%

8.5%

4.7%

Non-Head Start

0.60

1.08

80.9%

14.3%

3.8%

1.0%

All Preschools

0.62

1.12

80.5%

14.5%

3.9%

1.1%
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ALL PRESCHOOLS:
RURAL REGIONS

TREATED AND UNTREATED DENTAL CARIES:
Distribution by number of teeth affected
II

0 deft CI 1-4 deft • 5-8 deft 09+ deft

100-

77.8

80per 60cent 40-

43.5

20-

Insufficient Data
Asians

Blacks

All

Latinos

child of decayed extracted or filled prino3 teeth (Mt) and tooth swface3 (cl!fs I: and
Distribution (%) of chilorn mith O. 1-4. 5-8. 9+ cticayed evtracted or filled pima!) teeth (deft)

.Nlettn number per

RURAL REGIONS
All Children
Mean deft

Mean clefs

0 deft

1-4 deft

5-8 deft

9+ deft

Head Strut

4.10

8.95

41.9%

21.4%

24.2%

12.5%

Non-Head Start

*7.97

5.51

43.9%

28.0%

19.2%

9.0%

All Preschools

3.15

6.06

43.5%

26.9%

20.0%

9.5%

Asian
(fewer than 25 individuals in sample)

Mean deft

Mean defs

J -4 deti

5 - 8 dell

9- deft

Mean deft

African American
(fewer than 25 individuals in sample)
1-4 deft
0 deft
Mean dels

5-8 deft

49-.- deft

0 deft

Head Start
Non-Head Start
All Preschools

Head Start

Non-Head Start
All Preschools
Latino
.14 deft

-8 deft

9- deft

9.50

Qsigh
40.4%

20.8%

25.6C;

13.2%

3.64

6.75

34.1%

30.7%

23.9(.1

11.3%

3.77

7.24

35.3%

28.9%

24.2%

11.65;

Mean deft

Mean dek

Head Start

4.35

Nem-Head Start
All Preschools

White
Mean deft

MeaP clefs

0 deft

1-4 deft

5-8 deft

9- deft

Head Start

1.97

4.30

54.8%

26.0%

15.1%

4.1%

Non-Head Start

0.60

1.08

80.1%

16.7%

2.5%

0.8 %

All Preschools

0.72

1.37

77.8%

17.55

3.6%

1.1%
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It) I:01 IT 'IOW II
Indicator

Percentage of children with 1+ primary maxillary incisor decayed, extracted, or filled teeth (1+
mideft) and distribution and mean number of such teeth and tooth surfaces. This indicator is
consistent with that used in the National Health and Nutrition Examination Survey ff1, but
may differ from that used in other studies. Additionally, although the description of this type
of decay indicates that baby bottles are implicated in the etiology, other factors are not
excluded

has=

To assess the prevalence of this condition and indicate the degree of need for preventive
programs.

Data Source

Examination Survey

Mtaki&

Each preschool child was screened by a trained dentist.

Results Of all preschool children, 13.9% have had some Baby Bottle Tooth Decay (1+ decayed,
extracted, or filled primary maxillary incisor teeth: mideft); conversely, 86.1% of preschool
children had no evidence of Baby Bottle Tooth Decay (zero mideft).
There was a greater percentage of Head Start children with Baby Bottle Tooth Decay (33.0%)
compared to non-Head Start preschoolers (12.9%).
There is a wide range in the percentage of children affected by Baby Bottle Tooth Decay for
groups identified by ethnicity, parent education status, region, and the type of preschool they
attended. Asian children, in Fluoridated Urban areas, in Head Start preschools had the highest
proportion (453%) with untreated or treated Baby 'Bottle Tooth Decay. White children, in
Fluoridated Urban areas, in Non-Head Start preschools were the group with the lowest
proportion (0.4%) with untreated or treated Baby Bottle Tooth Decay.
Of those with evidence of BBTD, there was a greater likelihood of having more than one tooth
affected. For all preschoolers, 6.9% had 3 or 4 of the 4 maxillary incisors affected (13.8% of
Head Start children and 6.5% of non-Head Start children). A further 4.6% had 2 teeth affected
(11.2% of Head Start children and 4.3% of non-Head Start children). Only 2.4% had only one
tooth affected (8.1% of Head Start children and 2.1% of non-Head Start children).
On average, there was a mean of 0.36 primary maxillary incisor decayed, extracted, or filled
teeth (mideft) per preschool child; 0.81 mideft for Head Start children; 0.33 mideft for nonHead Stan children.
Among the subgroups there was a wide range in the mean number of treated or untreated
decayed primary maxillary incisor teeth. Latino children of a parent who did not graduate from
High School, in Rural.preschools had the highest mean number of treated or untreated decayed
primary maxillary incisor teeth (0.95 mideft). White children of a parent with some college
education, in Fluoridated Urban areas were the group with the lowest mean number of
untreated or treated Baby Bottle Decayed Teeth (0.01 mideft).
Conclusion There is no Healthy People 2000 Objective for the prevalence of BBTD mainly due to the
lack of representative data. Thus an objective should be established using these data as a
baseline, it is suggested that the objective should be to reduce the prevalence of BBTD (as
measured by one or more decayed. extracted, or filled primary maxillary incisor teeth) in
preschool children to no more than 10% for any group.
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DENTAL CARIES (BBTD) Maxillary Incisors:
ALL PRESCHOOLS

100

87.1

• Head Start

eel

• Non Head Start

80 -

• All Preschools

60percent
of children 40

13.8

20
0
None

One

Two

3 or 4

Number of decayed. extracted. or filled maxillary incisor teeth

Distribution 1%) of children with 0. 1. 2. 3-4 decayed. extracted. or filled
maxillary primary incisor teeth (mideft): by Head Start statut

Number of decayed. extracted. or filled maxillar y primary incisor teeth
None

One

Two

3 or 4

Head Start

67.0%

8.1%

11.2%

13.8%

Non-Head Start

87.1%

2.1%

4.3%

6.5%

All Preschools

86.1%

2.4%

4.6%

6.9%

(ranee tor mideft: 0-4)
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PERCENTAGE OF CHILDREN WITH I - DECAYED, EXTRACTED, OR FILLED MAXILLARY PRIMARY INCISORS

DENTAL CARIES (BBTD) Maxillary Incisors:
PRESCHOOLERS
• Asian CI Black • Latino 0 White GI All
50—

43.7
38.5

40 —
per 30—

13.9

cent 20—
10—
Head

All Preschools

Non Head Start

Start

Percentage of children with MITT) (1+ maxillary incisor teeth affected by caries):
All Preschools: by ethnicity and Head Start status

DENTAL CARIES (BBTD) Maxillary Incisors:
PRESCHOOLERS
Non Head Start • All Preschools

• Head Start
50,

43.7
38.5

40—
per 30—
cent 20 —
10—
0

Black

Asian

Percentage of children with BBTD

All

White

Latino

(1+ ma‘illarv incisor teeth affected bj caries):

All Preschools: ky Head Start N tatu • and ethnicity

Asian

Black

Latino

White

All

Head Start

43.75

25.8%

38.5%

19.4%

33.0%

Non-Head Start

16.4%

23.5%

19.5%

4.8%

12..9 `7C

All Preschools

17.5%

23.7%

21.0%

5.1%

13.9%
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DENTAL CARIES (88 TO) Maxillary Incisors:
HEAD START PRESCHOOLERS

45 5
' 42.7

50

43.7

0 All Regions

• Rural

• Fluoridated • Urban

40.1

3738.5

40

33.73 33
•

25.9

7E71::

Per 30

15.8

28.

25.

22.6

17.620. 1

19.4

cent 20
8.2

10

•
r"'!"•'.

0

White

Latino

Black

Asian

All

Insufficient Data for Asians and Blacks in Rural Areas

Percentage of children with BBTD (1+ maxillary incisor teeth affected

by caries):

Head Start Preschools: by region and ethnicity
Asian

Black

Latino

White

All

fluoridated

45.5%

22.6%

26.8%

17.65

28.3%

Urban

42.7%

26.9%

40.1%

20.1%

33.7%

37.0%

8.2%

34.0%

38.5%

19.4%

33.0%

Rural
25.8%

43.7%

All Revions

DENTAL CARIES (BBTD) Maxillary Incisors:
NON HEAD START PRESCHOOLERS
• Fluoridated • Urban

• Rural

0 All Regions

50 34.4

40 per 30cent 20 10 -

Insufficient Data for Asians and Blacks in Rural Areas: and

for

Latinos in Fluoridated Areas

Percentage of children with BBTD (1+ maxillary incisor teeth affected by cariec) Z
: by re?_ion and ethnicit%
Non - Head Start Preschools
Asian

Black

fluoridated

16.1%

25.9%

Urban

16.7%

":".3%

Rural
All Regions
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16.4%

23.5%

White

All

0.4%

14.25

18.6%

5.2%

12.2%

34.4%

6.3%

28.5%

19.5%

4.8%

12.9%

Latino
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DENTAL CARIES (BBTD) Maxillary Incisors:
PRESCHOOLERS
• Asian • Black • Latino 0 White

0 All

50 34.9

40 25.6

Per 30cent 20

0.4

16.

0.7

Rural

Urban

Fluoridated

All Regions

Insufficient Data for Asians and Blacks in Rural Areas
;
•
1-V
n .

.•

•

All Preschools: by region and ethnicity

DENTAL CARIES (BBTD) Maxillary Incisors:
PRESCHOOLERS
• Fluoridated • Urban

• Rural

0 All Regions

50-,
34.9

40--

29.4
25.6

per 30cent 20-

16.9 18

22.8

23.7

17.5
5 .5 6 -5 5.1

10 -

0.7=1111--1
White

Latino

Black

Asian

All

Insufficient Data for Asians and Blacks in Rural Areas

Percentage of children with BBTD (1+ pro:Mary incisor teeth affected 43 caries):
All Preschools: by ethnicit) and region
Asian

Black

Latino

White

All

Fluoridated

16.9%

25.6%

20.4%

0.7%

14.9%

Urban

18.0%

22.8%

20.1%

5.5%

13.2%

Rund
All Revions
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13.9%
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MEAN NUMBER OF DECAYED. EXTRACTED. AND FILLED INCISOR TEETH PER CHILD
TREATED OR UNTREATED DENTAL CARIES
(BBTD) Maxillary Incisors

ALL PRESCHOOLS:
PARENT EDUCATION

• Fluoridated 13 Urban

1.2 -

• Rural

0 All Regions

102

1Mean number

0.76

0.80.6

of decayed,
0.6extracted,
0.4 or filled teeth
0.2

0.51

0
Less than High
School

High School
Graduate

Some College or
Graduate

All

Mean number of decayed. extracted. or filled primary maxillarv incisor teeth per childz
by region and parent education
Mean number of decayed, extracted, or filled maxillary primary incisor teeth

(mideft)

per child; by parent education status and ethnicity
All regions
Not High School
0.92
0.16
0.92
0.09
0.74

High School Grad
0.68
0.57
0.36
0.21
0.36

Some Colle2e or Grad
0.77
0.92
0.52
0.09
0.28

All
0.39
0.66
0.36
0.01
0.33

Not Hieh School
0.93
0.35
0.37

High School Grad
0.48
0.78
0.40

0.54

.0.49

Some Colle ge or Grad
0.20
0.54
0.33
0.01
0.20

All
0.45
0.68
0.54
0.14
0.35

Nor High School
0.13
0.97
0.10
0.75

High School Grad
0.44
0.34
0.22
0.33

Some Colle g e or Grad
0.31
I .OR
0.51
0.10
0.29

All

Nor Hi g h School

High School Grad

Sonic Colle ge or Grad

0.97
0.15
0.76

1.05

0.68
0.27
0.60

0.92
0.09
0.51

All
Asian
Black
Latino
White
All

0.47
0.67
0.55
0.12
0.36

Fluoridated regions
Asian
Black
Latino
White
All

Urban regions
Asian
Black
Linn()
White
All

Rural region
Asian
Black
Linn°
White
All
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DENTAL CARIES (BBTD) Maxillary Incisors:
PRESCHOOLERS
• Less than High School • High School Graduate • College educated or graduate

C1 All

1.5—
1.02

mean
mideft

1

0.76

0.75

0.74

0..54 0.49

0.5

0.2

0.33

0
Urban

Fluoridated

Rural

All Regions

Mean number of decayed. extracted, and filled primary maxillary incisors per child;
by parent education and region
Pareut/Gilardian Education

All

Less than High School High School Graduate

Some College or
Graduate

fluoridated

0.33

0.54

0.49

0.20

Urban

0.35

0.75

0.33

0.29

Rural

0.76

1.02

0.60

0.51

All Regions

0.36

0.74

0.36

0.28
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TREATED OR UNTREATED DENTAL CARIES
(BBTD) Maxillary Incisors

POOR CHILDREN:
ALL PRESCHOOLS

S Rural

• Fluoridated MUrtan

0.92 0.91

10.75

0.8

Mean number

0 All

66 0.67

0.63

3 85

0.67

of decayed, 0.6 -

04,5

extracted.
0.4or filled teeth
0.2-

0.41

4
lir
0.02

0
White
Black
Latino
Insufficient Data for Asians and Blacks in Rural Areas

Asian

All

Note: Poor: Less than 200% of poverty
Poor Children: Mean Number Per Child of Decayed. Extracted. or Filled Maxillar)
Primary Incisor Teeth (miden). By Ethnicity and Region
TREATED OR UNTREATED DENTAL CARIES
NON-POOR CHILDREN:

(BBTD) Maxillary Incisors

ALL PRESCHOOLS
• Fluoridated • Urban

• Rural

0 All

0 02
-

001 0.02 20 '. 0.02

0.06 0.08 0 OR OW

White

All

1
Mean number

0.8-

0.6 of decayed,
extracted,
0.4 or filled teeth
0.2-

0.33

027

0.14

0,02

0

Latino

Black

Asian

Insufficient Data lor Asains. Blacks and Latinos in Rural Areas: and for Blacks and Latinos in Urban Areas:
and for Stacks and Latinos in Fluorvidateci Areas

Note: Non-Poor: More than 200% of poverty
on

Poor Children; :\ Iran Number Per Child of Dectued. Extracted, or Filled Maxillarl
Priman Incisor Teeth Imideft). By Ethniciu and Region

Mean Number per Child of Decsyed. Extracted. or Filled Maxillar) Primary Incisor Teeth
(Mideft): h) Ethnicity. Po‘erty Status and Region

Fluoridated
Urban
Rural
All

0.55
0.75
0.63
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While

Black

Asian
h" .

`..tin.

0.14
0.33
0.27

I

•

Poor

0.66
0.67
0.67

0.62

0.56
0.95
0.92
0.91

0.02
0.02

0.02
0.45
0.24
0.41

All
Pool

0.01
0.02
0.05
0.02

:

0.53
0.76
0.85
0.72

\ on- Prum
0.06
0.08
0.08
0.07
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MEAN NUM13ER CF DECAYED. ENTRACTE!). AND FILLED INCISOR TEETH A.NDMOTI-ISURFACES PER CHILD
TREATED OR UNTREATED DENTAL CARIES

ALL PRESCHOOLS

(BBTD) Maxillary Incisors

El Teeth

32.14

Mean number

El Tooth Surfaces

ot decayed, 2 extracted, or
filled teeth or 1 -

0.87

0.8

tooth surfaces

Head Start

All Preschools

Non Head Start

Mean number of decayed. extracted. and filled
maxillary primary incisor teeth (mideft) and tooth surfaces tmidefs1 per child
Mean mideft

SEM

Mean midels

SEM

Had Start

0.81

0.04

2.14

0.11

Non-Head Start

0.33

0.08

0.80

0.21

All Preschools

0.36

0.08

0.87

0.20

(ranee for mideft: 0-4):

(ran ge for midefs: 0- 16)

Distribution (%) Of Mean Number of Decayed. Extracted. and Filled Incisor Teetk
by components
DENTAL CARIES (BBTD) Maxillary Incisors:
PRESCHOOLS
113%d / midett • 0/0e midett 0 %f / midett • mean midett
100%

4

-

80% —

3
:

60%

-

..........

percent

-• ......

40% —

...

2 deft
-••-•-•••- ..... ---••

••.: :::

20%
EU:

0%

Head Start

Non Head Start

0

All Prescnools

Mean number of decayed. extracted. and filled priman maxillar) incisor teeth (mideft),
and percentage of mideft by components d. e f per prechool child
mean mideft
Head Start
Non-Head Start
All Preschools
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0.05
0.08
0.08

%d / mideft
61.9%
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13.3% •

77.4%
75.6%
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7.0%

%
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.U. 111•IALTII STATUS: 4:

TRE.vrmENT URGENCY

Percentage of children needing dental treatment according to urgency of need.
No needs:

No treatment needed accordin g to this examination.

Non-ur g ent needs:

Treatment needed, but not ur g ent: includes restorations (fillings).

Urgent needs:

Treatment of an urgent nature needed, due to extensive deca y in
one or more teeth, or pain or infection.

Purpose

To assess the de g ree of ur g ency for dental treatment.

Data Source

Examination Survey

Methods

Each preschool child was screened by a trained dentist.

Results Of all preschool children. 29.8% are in need of dental treatment: furthermore, 6.17c of all
preschool children are in urgent need of dental treatment. In Head Start preschools, 46.7% of
children are in need of dental treatment, and 9.0% of Head Start preschool children are in
urgent need of dental treatment.
There is a wide range in the percenta g e of children needin g dental treatment for groups
identified by ethnicity. region, and the type of preschool they attend. Latino children. in Rural
areas, in Non-Head Start preschools had the hi g hest proportion (57.4%) in need of dental
treatment. White children. in Fluoridated areas. in Non-Head Start preschools were the group
with the lowest proportion (5.1%) in need of dental treatment.
Latino children. in Rural areas, in Head Start preschools had the hi g hest proportion (14.2%) in
urgent need of dental treatment. White children. in Fluoridated areas, in Non-Head Start
preschools were the g,roup with the lowest proportion (0.0%) in urgent need of dental
treatment.

Distribution of treatment needs: h) Head Start status
Pistrihution of preschool children with no needs. non-urgent needs. and urtzent needs;
by region and Head Start Status
Head Start

Nun-Head Start

N. Need.

Nun . lrgent
Need%

N. Need.

Nutp lritcut
Needs

59.3%
5 L6%
5Q4%
53.3%

33.0%
39.7%
26.9%
37.7%

77.5%
70.6%
50.9%
71.1%

20.3%
23,0%
37.1%
23.0%

Re:non

Fluttridated
Uritan
Rural
All
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lsrgent
N:eed‘

7.7%
8.7%
13.8%
9.0%

f
!
:
:

All Prechools
I. rIccut

2.2%
6.4%
12.0%
5.9%

\L

76.6%
69.6%
52.3%
70.2%

N.u•l'ofeut
Need,

20.9%
23.8%
35.5%
23.7%

Vtgeut
Nee&

7.55
6.5%
12.2%
6.1%
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ALL PRESCHOOLS
ALL REGIONS

TREATMENT URGENCY
ES Non-Urgent

• No Needs

Needs • Urgent Needs

100 -

84.3
702

80 per

60 -

cent

40 20 Whites

Latinos

Blacks

Asians

All

Distribution of preschool children with no needs. non-ur2ent needs. and urgent needs;
by ethnicity

NO TREATMENT NEEDS
II Rural

• Fluoridated 111 Urban
77.5

80—
60
per
cent

59.3

51.6

59.4

71.1

70.6

0 All Regions
76.6

70.2

69.6

53.3

40
20
0
Non Head Start

Head Start

All Preschools

Percentage of preschoolers with no treatment needs: b3 Head Start status and region

URGENT TREATMENT NEEDS
• Rural

• Fluoridated U Urban
13.8

15—
per 10

0 All Regions

122

12
7.7 8'7

9

64

65

59

cent 5

61

2,5

0
Head Start

Non Head Start

All Preschools

Percentage of preschoolers with urgent treatment needs: 112: Head Start status and region
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TREATMENT URGENCY
Distribution of preschool children with no needs, non-urgent needs, and urgent needs;
by region and Head Start Status

Re 'on
Fluoridated
Urban
Rural
All

Head Start
No Needs

Non-Urgent
Needs

593
51.6
59.4
53.3

33.0
39.7
26.9
37.7

Region
Fluoridated
Urban
Rural
All

All Preschools

No Needs

Non-Urgent
Needs

Urgent
Needs

No Needs

Non-Urgent
Needs

Urgent
Needs

775
70.6
50.9
71.1

20.3
23.0
37.1
23.0

2.2
6.4
12.0
5.9

76.6
69.6
52.3
70.2

20.9
23.8
35.5
23.7

2.5
6.5
12.2
6.1

Asians
Non-Head Start

All Preschools

Non-Urgent
Needs

Urgent i
Needs ?

No Needs

Noss-Urgent
Needs

Urgent
Needs

No Needs

Non-Urgent
Needs

Urgent
Needs

54.8
41.7

31.5
52.2

13.71
6.1 .

75.6
47.4

19.7
44.5

4.7
8.1

75.0
47.1

20.0
44.9

5.0
8.0

46.1

45.3

8.6 ,

60.4

33.0

6.6

59.8

335

6.7

African Americans
Non-Head Start

Head Start
No Needs

Non-Urgent
Needs

60.8
53.8

30.0
37.6
35.5

55.7

Urgent
Needs

9.2
8.51
i
-1
i
8.8 i

Non-Urgent
Needs

57.0
46.0
58.6
48.7

39.1
43.3
272
40.7

All Preschools

No Needs

Non-Urgent
Needs

Urgent
Needs

No Needs

Noe-Urgent
Needs

Urgent
Needs

62.2
60.7

35.0
32.8

2.8
65

62.1
60.0

34.6
33.4

3.4
6.7

61,2

33.5

5.3

60.7

33.7

5.6

Urgent
Needs

No Needs

Non-Urgent
Needs

Urgent
Needs

69.1
58.7
45.4
58.7

305
29.4
405
30.2

0.4
11.9
14.1
112

Latino/Hispanics
Non-Head Start

Head Start
No Needs

Urgent
Needs !

3.9
10.7
14.2
10.6

No Needs

59.6
42.6
593

Non-Urgent
Needs

28.4
43.4
293

All Preschools

12.0
14.0
11.2

White/Caucasians
Non-Head Start

Head SUP

Revlon

Fluoridated
Urban
Rural
All

7.7
8.7
13.8 i
9.011

Head Start

Region
Fluoridated
Urban
Rural
All

Urgent
Needs

No Needs

Region
Fluoridated
Urban
Rural
All

All children
Non-Head Start

All Preschools

No Needs

Nan-Urgent
Needs

Urgent
Needs

No Needs

Non-Urgent
Needs

Urgent
Needs

No Needs

Noe-Urgent
Needs

Urgent
Needs

72.8
67.1
66.4
67.4

24.4
28.2
26.7
27.8

2.7
4.8
6.8
4.7

94.9
83.7
81.9
84.7

5.1
143
14.6
133

0.0
1.9
3.5
1.8

94.5
83.4
803
84.3

5.5
14.7
15.7
13.9

0.0
2.0
3.8
1.8
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ORAL HEALTH STATUS

)14 %I .

M. ‘1111

I\

5: Im‘I 1\11

RIF:s

Indio=

Percentage of children with evidence of a previous oral injury

hlaicts§

To assess the prevalence of oral injuries and the need for prevention and treatment.

12galsas&

Examination Survey and accompanying questionnaire

ItitthStd5

Parents/guardians gave the reason for their child's last dental visit, and preschoolers were
examined by a trained dentist.

Results

Injury accounted for 7.0% of responses for the reason for the last dental visit for all preschool
children. Injury was the most common reason for a dental visit other than check-up/cleaning.
According to the dental exaznination findings, 8.8% of all preschool children had a traumatized
incisor tooth, with a mean for all preschool children of 14.3 incisors per 100 children (mean
number of traumatized incisors per child affected of 1.64 teeth).

Percent of children with a Mean number of traumatized Mean number of traumatized
teeth (per child affected)
teeth (per 100 children)
traumatized tooth
Head Start

6.1%

9.1

1.48

Non-Head Start

8.9%

14.6

1.65

All Preschools

8.8%

143

1.64
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RISK REDUCTION: 1

TOPICAL AND SYSTEMIC FLUORIDE USE
indicator

Percentage of children not on fluoridated water who use topical fluoride at home and/or
systemic fluoride at school or at home.

Purpose

To assess compliance with recommended home or school fluoride use, and the need for public
hearth fluoride programs.

Data Source

Examination Survey Questionnaire.

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
intended to supplement those found in Part 1.

NON-FLUORIDATED
URBAN REGIONS

Use of Topical or Systemic Fluoride: Preschools
III Asians • Blacla • Latinos 0 Whites CI All

Supplements

Toothpaste

Supplements

Toothpaste

HEAD START

NON HEAD START

Percentage of children living in urban non-fluoridated communities
currently using topical or systemic fluoride: by_ ethnicity and Head Start status

RURAL REGIONS

Use of Topical or Systemic Fluoride:
Preschools

• Latinos

In Whites
85-

84.1 66 83.8

8113 94 2 82.7

• All

51.8

per
cent
0
Toothpaste

Supplements

HEAD START

Toothpaste

Supplements

NON HEAD START

Insufficient Data tot Asians and Blacks

Percentage of children living in rural communities
currently using topical or systemic fluoride: by ethnicity and Head Start status

DRAFT: 10/18/94: HP: PRE

40

PRESCHOOL REPORT

RISK REDUCTION

Percentage of children currently using fluoride toothpaste or systemic fluoride'
by ethnicity. reaion and Head Start status
All Children
Beg=
Fluoridated
Urban
Rural
All

Head Start
F Toothpaste Systemic F
12.0
85.5
25.9
85.1
39.0
83.6
25.1
85.0

Non-Head Start
F Toothpaste Systemic F
84.2
7.4
82.3
29.7
82.7
27.4
82.6
26.5

All Preschools
F Toothpaste Systemic F
84.3
7.6
82.4
29.5
82.8
29.2
82.7
26.5

Asians
Region
Fluoridated
Urban
Rural
All

Head Start
F Toothpaste Systemic F
13.7
66.7
29.9
85.3
79.3

24.7

Non-Head Start
F Toothpaste Systemic F
67.6
12.0
72.7
40.1
70.6

28.3

All Preschools
F Toothpaste Systemic F
67.5
12.1
73.3
39.7
70.9

282

African Americans
Head Start
Systemic F
12.6
91.0
30.1
89.7

Region

F Toothpaste

Fluoridated
Urban
Rural
All

90.0

Non-Head Start
F Toothpaste Systemic F
98.4
1.5
89.3
20.8
92.1

25.6

14.5

All Preschools
F Toothpaste Systemic F
97.7
2.4
89.4
21.8
91.9

15.6

Latino/Hispanics
Region
Fluoridated
Urban
Rural
All

Head Start
F Toothpaste Systemic F
122
89.8
23.0
85.9
39.5
84.1
24.2
86.0

Non-Head Start
F Toothpaste Systemic F
91.3
81.8
91.1

182
20.8
172

All Preschools
F Toothpaste Systemic F
95.1
3.2
90.9
18.5
822
24.0
17.7
90.7

White/Caucasians
Region

Head Start
Systemic F
6.4
89.4
27.9
80.6
37.0
85.0
26.7
81.5

F Toothpaste

Fluoridated
Urban
Rural
All

DRAFT: 10/1894: HP: PRE

Non-Head Start
F Toothpaste Systemic F
88.1
9.1
76.1
38.5
842
51.8
77.3
36.0

All Preschool
Toothaaste Systemic F
882
9.1
762
38.3
84.3
50.6
77.4
35.8
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RISK REDUCTION: 2
BABY BOTTLE TOOTH DECAY FEEDING PRACTICES

Indicator

Percentage of parents/guardians who use infant feeding practices that prevent BBTD

Purbose

To assess the need for education programs to prevent Baby Bottle Tooth Decay (BBTD).

Data Source

Examination survey questionnaire

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
intended to supplement those found in Part 1.

Bottle Feeding Practices that Prevent BBTD:
At Age 1 Year
In Less than High El High School
Graduate
School

Fluoridated

• Some College or
Graduate

0 All Parents

Rural

Urtan

All Regions

Percentage of Parents with Bottle Feeding Practices that Prevent BBTD at Age 1 Year
by Region and Parent Education
Child did not go to sleep with sweet liquid in bottle or with a pacther dipped in a sweet substance when 1-year-old

Bottle Feeding Practices that Prevent BBTD:
Now
• Less than High III High School
Graduate
School
80.5

87 93.8 803

Fluoridated

• Some College or 13 All Parents

gos 953 932

Urban

Graduate
E1.8 972 975 919

Rural

.39O21 92-9

All Regions

Percentage of Parents with Bottle Feeding Practices that Prevent BBTD
at Present Age of Child in Preschool: by Region and Parent Education
Child does not go to sleep with sweet liquid in bottle or with a pacifier dipped in a sweet substance now
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Feeding Practices that Prevent BBTD:
Never Use Sweets
I• Fluoridated • Urban

per
cent

Heathy People 2000 Objective

75

• Rural

0 All Regions

77.2

73.5 78

6

47.4 50.1 41.5 48 . 7

66.1

arr7:::" C-77.

Al •

0

II

High School
College educated
Less than High
Graduate
or Graduate
School
Percentage of parents who never use sweets to °achy their child:
by region and parent education

No sweet in Bottle Child did not go to sleep with sweet liquid in bottle or with a pacifier dipped in a sweet
substance when 1-year-old
at 1 Year
No sweet in Bottle Child does not go to sleep with sweet liquid in bottle or with a pacifier dipped in a sweet
substance now
Now:
No Sweets:

Child is never given a pacifier dipped in a sweet substance or has a sugary or sweet
in a bottle to help the child go to sleep, or when the child is crying or irritable or hungry

Feeding Practices that Prevent BBTD:
Parent who did not graduate from high school
I• Asian la Black • Latino 0 White U All

No sweet in Bottle
at 1 year

No sweet in Bottle

No Sweets

row

Percentage of parents who did not graduate from high school
who use caries preventive feeding oractices: by ethnicity
Parents/Guardians with Less than High School Education

Asian
Black
Latino
White
All
DRAFT: 10118104: HP: PRE

No sweet in Bottle
at 1 Year
86.0
94.2
85.6
88.1
86.7

No sweet in Bottle

No Sweets

NSM

56.7
88.6
90.4
99.3
89.3

35.3
53.0
39.8
96.4
48.7
43
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Feeding Practices that Prevent BBTD:
Parent who did not graduate from high school
I• Head Start

No meet in Bottle
at 1 year

El Non-Head Start • All Preschools

No sweet in Bottle

No Sweets

Percentage of parents who did not Graduate from high school
who use caries oreventive feedina 'Practices: b y Head Start status
Parents with Less than High School Education
No sweet in Bottle
at 1 Year
83.4
87.5
86.7

Head Start
Non-Head Stan
All Preschoots

No sweet in Bottle

No Sweets

87.4
89.8
89.3

48.2
48.9
48.7

Feeding Practices that Prevent BBTD:
All Preschoolers
I• Fluoridated RI Urban

90.1 9a3

91.7

•

Rural

933 932 932

0 All

172J3

63

75
per
cent
No sweet in Bottle
91

1 year

No sweet in Bottle

No 9weets

!ION

Percentage of_parents who use caries preventive feeding practices : by re_gjon

Fluoridated
Urban
Rural
All
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No sweet in Bottle
at 1 Year
90.1
92.3
82.3
' 91.7

NO Sweet in Bottle
ti_CM
90.3
93.2
93.9
92.8

ElkSj_gets
v
64.7
69.1
55.5
68.1
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Percentaae ot children whose parents use a feedino practice that prevents EIBTD;
y region oarent education status. and poverty status
D
ALL PRESCHOOLS; ALL CHILDREN
Sleeping method at age 1 year

Fluoridated
Urban
Rural
All

Poverty Status

Parent Education Status

Region

less than
high school
71.8
91.6
76.9

high school
grad
92.7
90.8
88.6

some college
or grad
91.7
94.1
83.9

86.7

91.0

93.6

below 200% of non-poor
poverty
84.3
95.8
88.7
95.6
82.0
91.7
87.6
95.6

Total

90.1
92.3
82.3

91.7

non-poor: >2003) of poverty

Sleeping method now
Region
Fluoridated

Urban
Rural
All

Parent Education Status
high school
some college
less than
or grad
high school
grad
87.0
93.6
80.5
91.0
90.5
95.3
97.2
97.5
91.6
95.1
90.2
89.3

Poverty Status
below 200%
non-poor
of poverty
94.2
85.9
87.2
93.4
87.3

96.3

100.0
96.1

Total

90.3
93.2
93.9
92.8

Never used sweets

Region

Fluoridated
Urban
Rural

Parent Education Status
some college
high school
less than
or grad
high school
grad
47.4
73.5
63.5
61.7
78.0
50.1

41.5

All

66.1

63.0
62.0

48.7

772

Poverty Status
non-poor
below 200%
of poverty
73.2
57.7
79.6
55.4
51.8
80.8
78.9
55.6

Total

Poverty Status
non-poor
below 200%
of poverty
82.3
75.0
70.3
89.7

Total

64.7
69.1

55.5
68.1

Never/rarely used sweets

Parent Education Status

Region

less than
high school

high school
grad

56.8
63.5

76.8
78.6

57.3
61.7

742

Fluoridated
Urban
Rural
All

78.3

some college
or grad
87.5
86.9
74.4
86.9

63.1

70.7

86.6
88.8

77.4
81.1
67.8

802

Sleeping method at age 1 year

Child did not go to sleep with sweet liquid in bottle or with a pacifier dipped in
a sweet substance when 1-year-old

Sleeping method now:

Child does not go to sleep with sweet liquid in bottle or with a pacifier dipped
in a sweet substance now

Never used sweets: Child is never given a pacifier dipped in a sweet substance or has a sugary
or sweet liquid in a bottle to help the child go to sleep, or when the child is
crying , irritable or hungry
Never/rarely used sweets:

DRAFT: 10118194: HP: PRE

Child is never/rarely given a pacifier dipped in a sweet substance or has a
sugary or sweet liquid in a bottle to help the child go to sleep, or when the
child is crying, irritable or hungry
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Percentage of children whose oarents use a feedina oractice that prevents ESTI%
y region, parent education status. and poverty status
D
ALL PRESCHOOLS; ASIANS
Sleeping method at age 1 year
Poverty Status
Parent Education Status
non-poor
some college below 200% of
less than
high school
poverty
or grad
high school
grad
87.5
80.5
77.3
92.6
85.9
66.8
85.4
912

Region
Fluoridated
Urban
Rural
All

86.0

Sleeping method
Region
Fluoridated
Urban
Rural
All

88.9

82.7

75.3

90.0

non-poor: >2004 of poverty

Total
84.4
84.9
84.7

now

Parent Education Status
some college
high school
less than
or grad
grad
high school
85.4
692
58.4
86.0
56.7

65.0

85.8

Poverty Status
non-poor
below 200%
of poverty
68.3
89.9
642
86.1
66.7

87.4

Total
77.4
80.4
79.1

rammer: >2O of poverty

Never used sweets
Region
Fluoridated
Urban
Rural
All

Parent Education Status
high school
some college
less than
or grad
high school
grad
70.3
51.5
30.3
672

non-poor: >20CA6 of poverty

35.3

58.5

68.3

Poverty Status
non-poor
below 200%
of poverty
772
39.5
31.1
80.6
36.4

79.6

Total
55.9
67.5
62.3

Never/rarely used sweets
Region
Fluoridated
Urban
Rural
All

Parent Education Status
some college
less than
high school
or grad
high school
grad
85.3
62.1
30.3
71.7

non-poor: >200% of poverty

35.3
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65.0

76.3

Poyea_ Status
non-poor
below 200%
of poverty
79.0
58.6
31.3
85.9
48.3

83.8

Total
66.9
71.1
692
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Percentage of children whose Parents use a feedina Practice that prevents BBTO1
by region. Parent education status. and Poverty status
ALL PRESCHOOLS; AFRICAN AMERICANS / BLACKS
Sleeping method at age 1 year
Region

Fluoridated
Urban
Rural
All

Poverty Status
Parent Education Status
high school
some college below 200% of
non-poor
less than
poverty
or grad
grad
high school
99.9
94.2
89.8
75.3
97.6
89.2
87.7
97.0
91.0
98.2
94.2
88.6
99.8

nort-poot: >200% ot poverty

Total
93.6
92.0

92.5

Sleeping method now

Region

Parent Education Status
high school
some college
less than
or grad
high school
grad

Fluoridated
Urban
Rural
All

Poverty Status
below 200%
non-poor
of poverty

99.9
93.7

99.8

99.7

87.1

100.0

91.6

88.6

962

99.9

94.5

97.8

Total
99.8
94.3

100.0

96.1

Never used sweets

Region

Parent Education Status
high school
less Man
some college
or grad
high school
grad

Fluoridated
Urban
Rural
All

38.7

69.3

64.4

55.4

57.5

75.9

53.0

62.2

72.5

Poverty Status
non-poor
below 200%
of poverty •
60.5
65.5
63.7

63.7

Total
66.2

662
662

Never/rarely used sweets

Region
Fluoridated
Urban
Rural
All

Parent Education Status
high school
some college
less than
or grad
high school
grad
84.1
85.7
62.3
82.1
74.0
83.8
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79.3

78.7

83.9

Poverty Status
non-poor
below 200%
of poverty
852

84.2
79.8

78.8

81.0

Total

78.6

812
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Percentage of children whose parents use a feeding practice that prevents EIBTO1
Dy region. parent education status. and poverty statue
ALL PRESCHOOLS; LATINO/HISPANICS
Sleeping method at age 1 year

Region
Fluoridated
Urban
Rural
All

Poverty Status
Parent Education Status
non-poor
high school
some college below 200% of
less than
poverty
or grad
grad
high school
84.0
94.3
95.6
72.6
94.5
91.1
88.6
89.5
892
80.7
74.6
77.1
86.1
87.5
94.7
912
89.5
85.6

non-poor: >2C0410 of poverty

Total

89.8
89.7
79.4
89.2

Sleeping method now
Region

Parent Education Status
some college
high school
less than
or grad
high school
grad
•

Fluoridated
Urban
Rural
All

Poverty Status
non-poor
below 200%
of poverty

Total

99.8
99.9

93.5

85.5

100.0

95.7
92.1

91.3

89.3
85.8
96.9

95.2

90.4

86.5

99.8

92.6
86.9

100.0

92.5
92.4

89.8
90.3

Never used sweets
Region

Fluoridated
Urban
Rural
All

Parent Education Status
some college
high school
less than
or grad
high school
grad
51.2
89.4
96.0
46.0
80.7
38.0
51.3
40.0
60.8
81.5
47.8
39.8

Poverty Status
non-poor
below 200%
of poverty
76.7
44.7
78.0

71.4
56.4
49.9

48.2

47.6

Total

78.8

57.1

Never/rarely used sweets

Region
Fluoridated
Urban
Rural
All

Parent Education Status
high school
less than
some college
or grad
high school
grad
96.9
90.9
67.7
90.5
52.9
68.1
71.2
63.3
562
90.5
68.8
55.0 •
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Poverty Status
non-poor
below 200%
of poverty
812
93.1
62.6
60.0
63.9

93.1

Total
762
71.8
632
71.6
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Percentage of children whose parents use a feeding practice that Prevents BBTD;
by region. parent education status. and oovertv status
ALL PRESCHOOLS; WHITES
Sleeping method at age 1 year
Parent Education Status
some college
high school
less than
or grad
grad
high school

Poverty Status
below 200% of non-poor
poverty

Total

Fluoridated
Urban
Rural

99.6

94.0
98.8

99.0
96.7
95.3

73.9
92.9
93.2

100.0
96.6
96.3

95.3
95.6
95.1

All

88.1

94.4

96.9

91.6

96.9

95.6

non-poor: > 200% of poverty

Sleeping method now
Parent Education Status
some college
high school
less than
or grad
grad
high school

Poverty Status
below 200%
non-poor
of poverty

Total

Fluoridated
Urban
Rural

99.5

982
982

94.8
94.4
99.5

99.5
92.9
99.2

94.6
95.9
100.0

95.6
95.7
99.1

All

99.3

98.2

94.5

93.5

95.8

95.7

Never used sweets
Parent Education Status
high school
some college
less than
or grad
grad
high school

70.0

Poverty Status
non-poor
below 200%
of poverty

Total

Fluoridated
Urban
Rural

98.0

81.3
73.8

78.8
80.0

762
76.5
84.1

64.6
81.5
76.0

70.1
80.1
78.6

All

96.4

80.3

78.0

76.7

79.8

79.2

Never/rarely used sweets
Parent Education Status
some college
high school
less than
or grad
grad
high school

Poverty Status
non-poor
below 200%
of poverty

Total

Fluoridated
Urban
Rural

98.6

93.7
89.7

86.4
88.4
83.9

97.7
88.9
91.1

81.8
89.3
81.9

86.3
90.3
86.7

All

97.5

93.1

882

89.5

88.6

89.9
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Percentage of children whose parents use a feedino 'practice that prevents BEM
by Head Start status. region. parent education status. and poverty status
ALL CHILDREN
HEAD START PRESCHOOLS
Never used sweets
Parent Education Status
less than
high school

Fluoridated
Urban
Rural
All

45.6
50.3
40.6
48.2

high school grad

Poverty Status

some college or below 200% of
grad
Poverty

57.2
57.9

69.4
56.8

57.6

56.2

56.5
55.9
39.4
54.3

53.9

non-poor: >20CA/o of poverty

Sleeping method at age 1 year
Parent Education Status
less than
hugh school

below 200% ot
Poverty

87.8
86.7
86.7

84.6
86.9
75.2
85.5

high school grad

some college or
grad

below 200% of
poverty

95.1
91.8

95.0
92.0

92.5

92.8

90.5
90.5
86.2
90.1

high school grad

87.9
87.0

78.1
86.1
73.8
83.4

Fluoridated
Urban
Rural
All

Poverty Status

some coBege or
grad

87.0

I.D.U11

non-poor

53.9
53.8
39.7
52.6
Total

non-poor

81.6

83.9
86.1
74.7
84.9

Sleeping method now
Parent Education Status
less than
high school

Fluoridated
Urban
Rural
All

84.2
87.8
88.0
87.4

Poverty Status

Dm1

non-poor

90.9

90.6
90.3
87.1
90.1

NON HEAD START PRESCHOOLS
Never used sweets
Parent Education Status
less than
high school

47.8
50.0
41.8
48.9

Fluoridated
Urban
Rural
All

Poverty Status

high school grad

some college or
grad

below 200% of
poverty

64.0
61.9
63.9
62.3

73.6
78.3
70.9
77.6

57.8
55.5
54.7
55.9

below 200% of
Poverty

non-poor

84.3
88.9
83.5
87.9

962
95.0
83.1
95.0

Sleeping method at age 1 year
Parent Education Status
high school grad

some oolege or
grad

70.7
93.1
78.2
87.5

93.1
91.1
89.0
91.3

91.7
94.2
84.0
93.7

Fluoridated
Urban
Rural
All

riOn- p3Or

72.6
78.3
69.8
77.6

Poverty Statue

less than
high school

Isgal
65.3
69.9
58.5
69.0
Total
90.4
92.6
83.7
92.1

Sleeping method now
Poverty Statue

Parent Education Status
some oollege

less than
high school

high school grad

79.9
91.9.
93.0
89.8

86.4
90.4
97.0
90.1

Fluoridated
Urban
Rural
All
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grad
93.6
95.4
97.5
95.1

or

below 200% of
Myerly

non-poor

85.5
86.8
95.0
87.0

93.9
96.6
95.4
96.3

Total
90.3
93.3
95.1
92.9
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Percentage of children whose oarents use a feedina practice that prevents BBTO;
by Head Start status. reaion. parent education status. and ooverty status
AS
HEAD START PRESCHOOLS
Never used sweets
Parent Education Status
Fluoridated
Urban
Rural
All

lees than
high school

high school grad

74.8

542

76.9

37.0

Poverty Statue

some college or below 200% of
grad
Poverty

62.6

63.7
38.8
48.6

Sleeping method at age 1 year
Parent Education Statue
Fluoridated
Urban
Rural
All

62.3
44.2
50.3

Poverty Status

some college or below 200% of
grad
PdvertY

less than
high school

high school grad

91.4

94.2

-

88.8

96.1

62.6

Total

non-poor

Total

non-poor

94.9
81.3
86.4

90.7
81.9
85.0

Sleeping method now
Poverty Status

Parent Education Status
Fluoridated
Urban
Rural
All

lees than
high school

high school grad

75.1

92.1

56.8

77.6

some colege or below 200% of
grad
PdvarlY

74.7

Icitaj

non-poor

83.3
58.5
67.3

85.8
60.5
68.8

NON HEAD START PRESCHOOLS
Never used sweets
Poverty Status

Parent Education Status
Fluoridated
Urban
Rural
All

high school

high school grad

Poverty

non-poor

26.3

514

70.3

38.4

76.9

26.3

60.2

68.4

35.5

80.0

below 200% of
Poverty

non-poor

Sleeping method at age 1 year
Parent Education Statue

non-poor: >200% of poverty

Poverty Status

high school

high school grad

some oollege or
grad

85.4

92.5

77.3

79.9

89.2

85.4

88.4

82.9

74.5

90.9

be/ow 200% of
poverty

lees than

Fluoridated
Urban
Rural
All

below 200% of

some college or
grad

lees than

Total
55.8
68.6
62.8

Total
84.2
85.0
84.6

Sleeping method now
Parent Education Statue

Poverty Statue

less than
high school

high school grad

some coSege or
grad

56.7

68.3

85.3

67.6

non-poof
89.1

56.7

64.1

85.9

66.7

87.7

Fluoridated
Urban
Rural
All
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Isztal
77.2
81.3
79.5
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Percentale of children whose parents use a feeding practice that prevents BBTD.,
Dv Head Start status. region. parent education status. and poverty status
AFRICAN AMERICANS / BLACKS
HEAD START PRESCHOOLS
Never used sweets
Parent Education Status

Poverty Status

lees than
high school

high school grad

some college or
grad

below 200% of
poverty

63.6
52.1
54.6

54.1
58.0
57.0

76.1
81.8
79.8

63.0
61.8

Fluoridated
Urban
Rural
All

Inial

non-poor

60.5
61.5

_

-

62.1
non-poor: >200% of poverty

61.3

Sleeping method at age 1 year

Parent Education Status
less than
high school

high school grad

83.1
89.4
88.0

93.2
86.9
88.7

Fluoridated
Urban
Rural
All

Poverty Statue

some college or
grad

below 200% of
poverty

98.1
95.6

91.4
89.4
89.9

95.9

Dal

non-poor

92.2
90.2
90.7

Sleeping method now

Parent Education Status
less than
high school

high school grad

95.3
91.4
92.3

99.0
94.7
95.9

Fluoridated
Urban
Rural
All

Poverty Status

some college or below 200% of
grad
Poverty

97.0
100.0
99.1

hal

non-poor

97.2
95.9
96.2

97.8
95.4
96.0

NON HEAD START PRESCHOOLS
Never used sweets

Parent Education Status
lees than
high school

high school grad

70.7
57.4
62.9

Fluoridated
Urban
Rural
All

Poverty Status

some college or below 200% of
poverty
grad

63.8
75.6
72.1

60.2
67.0
64.0

iSttal

non-poor

63.8

66.7
66.8
66.8

Sleeping method at age 1 year

Poverty Status

Parent Education Status
lees than
high school

Fluoridated
Urban
Rural
All

high school grad

some college or below 200% of
grad
Poverty

100.0
97.8
98.4

89.5
87.9
88.6

94.6
89.4
91 2

Dial

non-poor

93.7
92.2
99.9

92.7

Sleeping method now

Poverty StatuS

Parent Education Status
less than
high school

Fluoridated
Urban
Rural
AU
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high school grad

100.0
93.6
-.
96.3

some college or below 200% of
grad
Poverty

100.0
100.0
100.0

100.0
90.9
94.2

Total

non-Poor

100.0
94.2
100.0

96.1
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Percentage of children whose parents use a feeding practice that Prevents 1313TD;
by Head Start status. reoion. parent education status. and poverty statua
LATINO/HISPANICS
HEAD START PRESCHOOLS

Never used sweets
Parent Education Status
Fluoridated
Urban
Rural
All

less than
high school

high school grad

32.9
43.4
39.0
41.7

52.9
53.4
52.2

Poverty Status

some college or
grad

42.9
39.1

below 200% of
Pove MY

Total

non-poor

42.7
49.9
34.5
46.7

-

40.6
46.5
35.1
44.4

Poverty Status

Total

non-poor: >2004 of poverty

Sleeping method at age 1 year
Parent Education Status
Fluoridated
Urban
Rural
All

lees than
high school

high school grad

71.2
84.0
72.3
80.7

74.8
85.2
83.8

some college Of below 200% of
grad
Poverty

81.2

75.5
83.9
71.8
81.3

some college or
grad

below 200% of
Poverty

80.4

Sleeping method now
Fluoridated
Urban
Rural
All

high school grad

83.7
89.3
87.3
88.4

88.8
89.7
•
89.9

74.2
83.5
71.5
81.2

Poverty Status

Parent Education Status
lees than
hIgh school

non•poor

92.3
93.5

Total

nompoor

86.5
89.6
84.6
88.5

84.5
89.9
85.7
88.8

NON HEAD START PRESCHOOLS

Never used sweets
Poverty Status

Parent Education Status
Fluoridated
Urban
Rural
All

less than
high school

high school grad

40.5
392

45.6
62.6
47.5

some college or below 200% of
grad
PovenY

58.9
82.4

44.1
51.3
47.7

fion-poor

78.0
74.9

Sleeping method at age 1 year
Poverty Status

Parent Education Status
less than

Fluoridated
Urban
Rural
All

high school

high school grad

79.0
86.9

89.8
86.8
89.8

some college or below 200% of
poverty
grad

73.9
91.4

Sleeping method now
high sC h001 g rad

92.8
90.9

85.6
96.8
86.3

Fluoridated
Urban
Rural
All
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some ooSege or below 200% of
poverty
grad

94.4
99.9

85.1
94.4
86.7

57.1
53.1
58.2
Total

non-poor

94.5
92.3

Poverty Statue

Parent Education Status
less than
high school

89.0
82.6
88.2

Total

902
80.9
89.8

Law

non-poor

100.0
99.8

92.2
93.9
92.7
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Percentage of children whose parents use a feeding Practice that prevents BEITD;
by Head Start status. region. _garent _education status. and poverty status
WHITE/ CAUCASIANS
HEAD START PRESCHOOLS
Never used sweets
Parent Education Status
lees than
high school

Fluoridated
Urban
Rural
All

high school grad

below 200% of
poverty

53.3
55.0

68.3
80.7
68.6

some college or
grad

below 200% of
Poverty

74.3
74.0

Poverty Statue

some college or
grad

75.9

less than
high school

Fluoridated
Urban
Rural
All

94.9

high school grad

non-poor

non-poor: >200% of poverty

Sleeping method at age 1 year
Parent Education Statue

poverty Status

87.8

94.0 ,

882

92.3

932
100.0
92.1

high school grad

some oollege or
grad

below 200% of
Poverty

99.1

91.5

99.2

91.7

97.6
96.4
972

Total

68.0
80.7
68.2

Total

non-poor

90.7
100.0
902

Sleeping method now
Parent Education Status
than
high school
103111

Fluoridated
Urban
Rural
All

94.9

Poverty Status

Ibtal

non-poor

96.4
96.6
96.3

NON HEAD START PRESCHOOLS
Never used sweets
Parent Education Status

lees than
high school

Fluoridated
Urban
Rural
All

high school grad

below 200% of
Poverty

non-poor

81.7
71.6
80.5

69.9
79.1
80.5
782

77.2
85.0
77.4

64.5
81.4
76.0
79.8

high school grad

some colege or
grad

below 200Vo of
Poverty

non-poor

942
98.6
94.7

992
96.7
95.1
96.9

92.9
91.2
91.5

100.0
96.6
96.3
96.9

Sleeping method at age 1 year
Parent Education Status
lees than
high school

Fluoridated
Urban
Rural
All

Poverty Status

some college or
grad

over

Total
70.2
80.3
78.4
79.4

Statue
95.7
95.7
94.7
95.7

Sleeping method now
Poverty Status

Parent Education Status
lees than
high school

Fluoridated
Urban
Rural
All

DRAFT: 10118194: HP: PRE

high school grad

98.2
98.0
98.2

some oollege or below 200% of
poverty
grad

94.8
94.4
100.0
94.5

92.5
100.0
93.2

Total

non-poor

94.6
95.9
100.0
95.8

95.6
95.7
99.3
95.7
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SYSTEMS DEVELOPMENT: 1: DENTAL VISITS
Indicator

This was assessed by asking parents/guardians if their child had been to a dentist.

purpose

To identify children who have not entered the primary dental care system at an early age.

Data Source

Examination Survey, Questionnaire component

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
intended to su lement those found in Part 1.

percentage of preschool children who have visited a dentist:
by Head Start status and region
Head Start

Non-Head Start

All Preschools

Fluoridated
Urban
Rural

74.9

63.8

67.0
81.6

53.9
40.8

64.3
54.6
47.3

All Regions

69.2

54.9

55.7

Preschoolers with a dental visit

Percentage of preschool children who have visited a dentist.,
by ethnicIty and Head Start status
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PERCENTAGE OF HEAD START AND NON HEAD START CHILDREN
WHO HAVE VISITED A DENTIST; BY ETHNICITY AND REGION
Asian
Black
Latino
White
All

Head Start
942
65.6
69.6
61.4

Non-Head Start
46.6
53.0
52.9
58.7

All Preschools
48.7
54.3
54.2
58.8

692

54.9

55.7

Non-Head Start
63.8
53.9
40.8
54.9

All Preschools
64.3
54.6
47.3
55.7

All Children
Fluoridated
Urban
Rural
All Regions

Head Start
74.9
67.0
81.6
692

Asians
Head Start
Fluoridated
Urban
Rural
All Regions

89.1
96.6
94.2

Non-Head Start
47.5
46.2
46.6

All Preschools
48.9
48.6
48.7

African Americans
Head Start
Fluoridated
Urban
Rural
All Regions

76.3
62.3
65.6

Non-Head Start
57.5
51.0
53.0

An Preschools
592
52.3
54.3

Latino/Hispanics
Fluoridated
Urban
Rural
All Regions

Head Start

Non-Head Start

64.6
67.4
85.4
69.6

52.8
39.3
52.9

All Preschools
63.9
53.8
47.5
54.2

White/Caucasians

Headailart
Fluoridated
Urban
Rural
All Regions

DRAFI: 10118194: HP: PRE

81.1
60.3
51.4
61.4

Non-Head Start
83.3
56.4
47.4
58.7

All Preschools
83.3
56.5
47.8
58.8
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SYSTEMS DEVELOPMENT. 2
COMPLETING NEEDED DENTAL CARE

Indicator The percentage of preschool children with untreated tooth decay of those children who had
evidence of treated or untreated tooth decay and whose parents/guardians indicated a
previous dental visit. It should be noted that this indicator includes untreated tooth decay that

may have been present at the time of the initial visit or that may have developed in the time
between the last dental visit and the time of the survey.
Purp

To assess the ability of parents and dentists to complete needed dental treatment for
preschoolers following an initial dental visit.

Data Source

Examination Survey and accompanying questionnaire

Methods

Preschoolers were examined by a trained dentist, and parents/guardians were asked: 'About
how long has it been since this child last went to the dentist?'.

Results

Of the preschoolers with evidence of treated or untreated tooth decay who had visited a
dentist, only 19.7% completed dental care (30.0 0/0 of Head Start children, and 18.4% of NonHead Start children).
There was a wide range In the percentage of preschoolers completing needed dental care when
comparing ethnicity, region, and school type: from a high at 82.8% of White children in
Fluoridated Urban areas attending Non-Head Start preschools, to a law Of 3.5% of Latino
children in Non-Fluoridated Urban areas attending Non-Head Start preschools.
Of the preschoolers who had visited a dentist. 59.0% had made that visit within the past 6
months. Of these children, 55.5% had some treated or untreated tooth decay; and of these,
30.8% had completed dental care (no untreated decay).
Of the preschoolers who had visited a dentist, 27.6% had made that visit within the past 6-12

months. Of these children, 49.9% had some treated or untreated tooth decay; and of these,
29.0% had completed dental care (no untreated decay).
Of the preschoolers who had visited a dentist, 11.0% had made that visit within the past 1-2

years. Of these children, 53.3% had some treated or untreated tooth decay, and of these,
14.8% had completed dental care (no untreated decay).
Of the preschoolers who had visited a dentist, 2.4% had made that visit more than 2 years
ago. Of these children, 63.6% had some treated or untreated tooth decay; and of these,
14.3% had completed dental care (no untreated decay).
Conclusion In general, a policy of mandatory dental visits for Head Start preschool children appears to be

a benefit, since 30% of Head Start children. and 18% of Non-Head Start children completed
needed dental care. This policy should be extended to all licensed preschools.
This difference is all the more surprising since there is little difference between the groups in
terms of dental insurance coverage; 78% of Head Start children and 74% of non-Head Start
children have dental insurance. Being in a Head Start preschool does not automatically
provide dental insurance benefrts: only 65% of Head Start children have Denti-Cal benefits.
with a further 13% having otner dental insurance coverage. Lack of universal dental insurance
for children prevents many children from seeking and completing needed dental care.
Children who have had their last dental visit within the past 12 months are twice as likely to
nave completed needed dental care as those whose last dentai visit was more than 12 months
ago. This should be considered the maximum time between dental visits.
An objective should be established to increase to 75% the percentage of all preschool children
who have completed needed dental care. There is no objective set tor preschool children in
Healthy People 2000, mainly because of a previous lack of representative data on preschool
children.
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COMPLETING DENTAL CARE
.11 Head Start
10080per 60cent 40200

1

382 362 365

29.8
ani.
..9

26-3 23.5 23.8
•

El Non Head Start • All Preschools

184

Wag
Rural

Urban

Fluoridated

All Regions

Percentage of Preschool Children Combletina Needed Dental Care
who have had a dental visit and have had some treated or untreated dental caries (1+ defu
and have no untreated caries (zero dtl: by region and Head Start status
All Children

Percentage of children comoleting needed dental care

Regions

Head Start

Non-Head Start

All Preschools

Fluoridated
Urban
Rural

26.3
29.8
36.2

23.5
352

23.8
18.3
35.5

All Regions

30.0

18.4

19.7

16.9

COMPLETING DENTAL CARE
I• Head Start

CI Non Head Start • All Preschools

10080per 60cent 40200

48.5 469
325

36.1
223 24.4

Asians

16.9 17 17

Blacks

30
18.4 19.7
5,3 8.9

Latinos

Whites

All

Percentage of Preschool Children Completing Needed Dental Care
Iv

and have no untreated caries (zero dtl: by ethnicity and Head Start status
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Percentage of Preschool Children Completing Needed Dental Care
who have had a dental vistt and have had some treated or untreated dental caries (1 + deft)
and have no untreated caries (zero dtl: by ethnicity and Head Start status

FLUORIDATED
URBAN REGIONS

COMPLETING DENTAL CARE
1

100—
80—
per 60-rcent 4020

El Non Head Start • All Preschools

• Head Start

ezs

SI

28 2BA

17 .93 2D

na

28

263

5 25.8

MEM

Asians

Whites

Blacks

All

in Fluoridated Urban Regions

NON-FLUORIDATED
URBAN REGIONS

COMPLETING DENTAL CARE
III Head Start

B Non Head Start • All Preschools

100 -r

80—
per 60—
cent 40—
20—

460 as.i

Asians

Blacks

Latinos

Whites

All

in Non-Fluoridated Urban Regions

COMPLETING DENTAL CARE

RURAL REGIONS

I• Head Start

B Non Head Start • All Preschools

100 —
80+
per

57 .3

60—

cent 40—
20—
0

54.8

362 36 2 35 5

362 322 3:32

Insufficient Data
Asians

Blacks

Latinos

Whites

All

in Rural Regions
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PERCENTAGE OF HEAD START AND NON HEAD START CHILDREN
COMPLETING DENTAL CARE; BY REGION AND ETHNICITY
All Children

daatiatart

_i_Siart
Non-Head

All Preschools

Fluoridated
Urban
Rural

26.3
29.8
36.2

23.5
16.9
35.2

23.8
18.3
35.5

All Regions

30.0

18.4

19.7

Head St- rt

Non-Head Start

All Preschools

Fluoridated
Urban
Rural

31.0
33.0

28.0
20.3

All Regions

32.5

22.9

&Mat

Asians
Region

-

28.4
22.5
24.4

African Americans
Head Start

Non-Head Start

All Preschools

Fluoridated
Urban
Rural

17.9
16.6

20.3
14.9

20.0
152

All Regions

16.9

17.0

17.0

Region

Latino/Hispanics
Head Start

Non-Head Start

All Preschools

Fluoridated
Urban
Rural

28.0
35.5
362

3.5
32.9

9.0
7.0
33.9

All Regions

35.1

5.3

8.9

Region

White/Caucasians
Region

Head Start

Fluoridated
Urban

34.1
13.9

Rural

All Regions
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Non-Head Start

All Preschools

82.8

77.9

39.3

46.6
57.3

45.1
54.8

17.0

48.5

46.9
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INTRODUCTION
Part 1 of the report provided information on how the dental health of California's elementary school children
compares with objectives set for the year 2000. This Elementary Schools Report of the California Oral Health
Needs Assessment provides further information from data collected in schools between September 1993 and
January 1994.
This Elementary Schools Report is divided into sections on demographics, oral health status, risk reduction, and
systems development. Objectives in each of these areas were developed in conjunction with the Advisory
Committee to this project
STUDY DESIGN (See Part 1 for a full description of the Study Design)
Due to geographic limitations imposed by travel budget restrictions, specific counties were selected to represent
Fluoridated Urban, Non-Fluoridated Urban, and Rural regions. These counties were selected to represent the
most populated urban and fluoridated urban parts of California, and the rural counties in Northern and Central
California that were the most accessible to the examiner and recorder teams.
The geographic regions selected were:
1.Alameda/Contra Costa Counties
2. San Francisco County
3. City of Long Beach, Los Angeles County
4. Sacramento, San Joaquin, Santa Clara, and Solano Counties
5. North Los Angeles County
6 South Los Angeles County
7. Orange, Riverside, San Bernardino, and San Diego Counties - North
8. Orange, Riverside, San Bernardino, and San Diego Counties - South
9. Colusa, Glenn, and Lake Counties
10. Fresno County (excluding the city of Fresno)

(Fluoridated Urban)
(Fluoridated Urban)
(Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Rural)
(Rural)

These counties represent 12 of the 13 most populated counties, and 77% of the public school population of
California. It should be noted that in the Non-Fluoridated Urban regions and the Rural regions there is a range of
fluoride concentration in water supplies, including a small number of optimally fluoridated communities. The
communities that were visited for this survey with known optimally fluoridated areas in the non-fluoridated urban
regions are in part of Solano county (Vallejo) and in part of the rural region of Fresno county (Coalinga).
A sample was selected at random from a list of public elementary schools provided by the California Department
of Education. The list was first stratified by ethnicity of the children in order to produce a sample with adequate
representation of the smaller minority groups. A sample of 50 public elementary schools was selected, with a
second set to be contacted as needed. These schools were drawn from 10 regions: 5 non-fluoridated urban
regions, 3 fluoridated urban regions, and 2 rural regions. A total of 32 school sites were visited. With consent,
parents provided responses to written questionnaires for 3234 children; of these, 3225 children in grades K-3
received dental screenings by trained dentists.

DEMOGRAPHICS OF CALIFORNIA'S ELEMENTARY SCHOOL POPULATION
•

According to the California Department of Education data there were 1.720,123 children enrolled in grades
K-3 in 4900 elementary schools in California in 1991-92. About 90% of these were in public elementary
schools.

•

The ethnic distribution of all children in grades K-3 in California is seen in Figure 1 where the largest group
are White/ Caucasian.

▪

With respect to family income. 18.3% of the children aged 6-11 years live in families that are poor, as
defined by the 1993 Federal Poverty Level (reference 1990 Census of Population and Housing. Summary
Tape File 3 (Corrected). Population: Poverty Status. State of California. State Census Data Center). The
1993 Federal Poverty Level varies by the number of persons in the family and the annual income; for
example, the FPL tor a family of 4 persons is an annual income of $14,350. For all children aged 5-11 years
in California, 39.9% live in families below 200% of the Federal Poverty Level.
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DEMOGRAPHICS

Ethnicity of California Public School
Children in Grades K-3

Ethnicity of Survey

Children in Grades K-3
Latino

White
44%

White
24%

Bad(
16%

Other
11%

111111.3%MM

Ethnicity of Cafdomia Pttik School Ctrildren in Grades K-3: Cafdornia Department of Education. 1991-92 data.
Ethnic of
Chidren in Grades K-3: Examination Surve Questionnaire

DEMOGRAPHICS OF SURVEY'S ELEMENTARY SCHOOL POPULATION
Data Source: Examination Survey questionnaire
Survey Sample: Number of Schools, Children Examined and Ethnic Distribution
Schools
Grade

K
per cent

32

Grades 1-2
per cent

32

Grade 3
per cent

32

Grades K-3
per cent

32

Students
1059
32.7

Asian
161
15.2

Black
168
15.9

Latino
404
38.2

1312
40.6

193
14.7

182
13.9

136
15.8

121
14.0

296

26.7

3234
100

490

15.2

471
14.6

863

White
221
20.9

Other
105
9.9

451

332

34.4

25.3

154
11.7

34.3

225
26.1

85
9.8

1151
35.6

778
24.1

10.6

344

Note: Total screened 3225
Economic Status of Survey Children's Families and Dental insurance Coverage
(for those who answered these questions)
Survey Sample

amciel

Economic Status
Poor
Non Poor

Dental Insurance
Medical

Private

Military

Other

time

sample size
Sample per cent
Estimate percent

671
80.1%
69.1%

167
19.9%
30.8%

33.7%

32.3%

4.2%

3.6%

262%

Grades 1-2
sample size
Sample per cent
Estimate percent

829
77.8%
73.6%

237
22.2%
26.4%

35.0%

30.4%

1.8%

4.0%

28.7%

Oracle 3
sample size
Sample per cent
Estimate percent

565
79.9%
72.3%

20.1%
27.7%

34.7%

30.3%

2.4%

4.8%

27.8%

Grades K-3
sample size
Sample per cent
Estimate percent

2065
79.1%
71.8%

546
20.9%
28.2%

1256

809

53

100

41.3%
34.5%

26.6%
31.0%

1.7%

3.3%

823
27.1%

2.8%

4.0%

27.6%

142

Poor: Below 200V4 of Poverty

DEMOGRAPHICS

ELEMENTARY SCHOOLS REPORT

The sample percentage and (population) estimate percentage differ due to weighting of the sample participants
to represent the larger population from which they were selected.

Dental Insurance: Grades K-3; Population Estimate
IN Poor

80—
60—
per
40
cent
20—

121

Non Poor • All

67.7

42.8
34.5

31.3
19
2.6 3.9 2.8

27.6

3.732 4

0
Medi-Cal

Private

Military

Otter

None

Dental Insurance Status of Survey's Poor and Non-Poor Children
Distribution (%) of Population Estimate
Dental Insurance

Poor
Non Poor
All

filegiSa.

Private

Military

Other

flme

42.8%

19.6%

2.6%

3.7%

31.3%

3.5%

67.7%

3.9%

3.2%

21.6%

34.5%

31.0%

2.8%

4.0%

27.6%

Poor Below 200% of Poverty
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DEMOGRAPHICS

Ethnicity of Survey
Children in Grades K-3

Ethnicity of California Public School
Children in Grades K-3
Loma
' 37%

White
44%

Mum
10%

White
24%

Bled(
15%

Other

Dakiaginti:

Ethnicity of Cardomia Pubic School Children in Grades K4: Cartfomia Department of Education. 1991-82 data.
; Questionnaire
Children in Grades K4: Examination Sun'
Ethnic of

DEMOGRAPHICS OF SURVEY'S ELEMENTARY SCHOOL POPULATION
Data Source: Examination Survey questionnaire

Survey Sample: Number of Schools, Children Examined and Ethnic Distribution
Schools
32

Students
1059
32.7

Asian
161
.15.2

Black
168
15.9

Latino
404
38.2

Grades 1-2
per cent

32

1312
40.6

193
14.7

182
13.9

34.4

Grade 3

32

Grade K
per cent

per cent
Grades K-3

32

per cent

451

White
221
20.9
332

25.3

Other
105
9.9
154

11.7

863

136

121

296

225

85

26.7

15.8

14.0

34.3

26.1

9.8

3234
100

490
15.2

471
14.6

1151
35.6

778
24.1

344
10.6

Note: Total screened 3225

Economic Status of Survey Children's Families and Dental Insurance Coverage
(for those who answered these questions)

Burvev Sample
Grade K
sample size
Sample per cent
Estimate percent
Grades 1-2
sample size
Sample per cent
Estimate percent

Drade 3
sample size
Sample per cent
Estimate percent
Grades K-3
sample size
Sample per cent
Estimate percent

economic Status
poor
Non Poor
671

Dental Insurance
Other
NUL=
Private

167

80.1%
69.1%

19.9%
30.8%

829

237

77.8%
73.6%

222%
26.4%

565

142

79.9%
72.3%

33.7%

32.3%

4.2%

3.6%

262%

35.0%

30.4%

1.8%

4.0%

28.7%

20.1%
27.7%

34.7%

30.3%

2.4%

4.8%

27.8%

2065

546

1256

809

53

100

823

79.1%
71.8%

20.9%
28.2%

41.3%
34.5%

26.6%
31.0%

1.7%
2.8%

3.3%
4.0%

27.1%
27.6%

Poor: Below 200% of Poverty

DRAFT: 9125194: HP: ELBA

Medi-Cal

DEMOGRAPHICS

ELEMENTARY SCHOOLS REPORT

Elementary Schools Sample: Age and Sex Distribution by Ethnicity and Region
African Americans

Asians
All Regions

All Regions
Age
5
6
7
8
9
Other
All

N
146
122
78
118
25
1
490

Pop Est
29378
31401
15759
'26836
5619
148
109141

Female
50.5
50.9
43.8
57.9
52.6
51.6

Male
49.5
49.1
56.2
42.1
47.3
48.4

Age
5
6
7
8
9
Other
All

N
58
37
26
40
9
0
170

Pop Est
5134
2789
1539
4315
1056

Female
74.0
37.7
45.0
58.5
30.9

Age
5
6
7
8
9
Other
All

Male
25.9
65.3
54.9
41.5
69.1

o

14833

56.6

43.4

Urban Regions
Age
5
6
7
8
9
Other
All

Pop Est
29857
24404
12001
14329
4155
1425
86171

Female
47.1
48.7
46.5
60.5
65.9
50.7

Male
52.9
51.2
53.4
39.5
34.0
49.3

Pop Est
2573
2914
1204
4099
875
60
11725

Female
412
45.3
56.9
61.3
50.5

Male
58.8
54.7
43.1
38.7
49.5
48.4

N
100
70
43
58
12
4
287

Pop Est
26980
21148
10566
9724
3257
1365
73040

Female
48.8
48.8
46.0
59.4
69.9
50.4

Male
52.2
51.2
54.0
40.6
30.1
49.6

64

111
24
5
471

Fluoridated Regions

Fluoridated Regions
Age
5
6
7
8
9
Other
All

N
146
121

N
38
41
16
42
11
1
149

51.6

Urban Regions
N
84

83
50
77
15
1
310

Pop Est
23590
28093
13770
22453
4471
148
92525

Female
44.3
51.6
42.3
57.7
56.8
50.1

Male
55.7
48.4
57.7
42.3
432
49.9

Age
5
6
7
8
9
Other
All
Rural Regions

Rural Regions
Male
10.4
17.8
14.8
0.0
0.0

N
8
10
5
11
1
0

Female
36.4

Male
63.6

342

74.0

26.0

0
1783

Age
5
6
7
8
9
Other

Pop Est
304

68
93

Female
89.5
822
85.2
100.0
100.0

232
506
23
0

19.1
73.7
100.0
-

80.9
262
0.0
-

87.2

12.8

All

35

1407

57.2

42.8

Age
5
6
7
8
9

N
4
2
2
1
1

Pop Est
654
519

Other
All

0
10
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ELEMENTARY SCHOOLS SAMPLE
AGE AND SEX DISTRIBUTION BY ETHNICITY AND REGION

Glossary

All Children
All Regions

All children:
All ethnicities combined, including
Asians, African Americans, Latino/ Hispanics,
White/Caucasians, and Middle Easlem, Native
American/ American Indian or Alaska Native,
or Multi-Ethnic or Other.
Asians: All children identified by parents as one of
nine Asian categories: Asian Indian, Chinese,
Cambodian, Filipino, Japanese, Korean,
Vietnamese, Pacific Islander, or Other Asian
African Americans:
All children identified by
parents as African American / Black
Latino/Hispanics: All children identified by
parents as Mexican American, Central
American, or Other Latino
White/Caucasians:
All children identified by
parents as White/Caucasian
Fluoridated Regions: Schools in urban areas in
water districts considered to have 0.7 ppm or
more fluoride concentration of water supply
Urban Regions: Schools in urban areas in water
districts considered to have less than 0.7 ppm
fluoride concentration of water supply

Rural Regions: Schools in rural areas in water
districts considered to have less than 0.7 ppm
fluoride concentration of water supply
Age: Age in years at last birthday

N:

Sample Size: Number of .consenting children
who were examined and had questionnaire
data.
Insufficient data (fewer than 25 individuals) in
results sections

Pop Est

Population Estimate

Female:

Female proportion of sample (%)

Male:

Male proportion of sample (%)

Mean:

Sum of all values
Number of Children
Standard Error of the Mean

SEM:

Age
5
6
7
8
9
Other
AU

N

926
695
605
776
194
38

3234

Pop Est
318390
217350

Female
52.0
52.2
52.7
60.5 •

49095

49.4

11857
1003961

53.9

224666
182603

-

Fluoridated Regions

N

Age
5
6
7
8
9
Other
All

Pop Est Female

234
169

39633
23921

126
184
41
6
760

21575
45056

7891
631

62.4
56.0
65.4
55.7
27.3

138707

57.6

N

Pop Est

494
365
279

274898
197607
157433

Female
50.4

Urban Regions

Age
5
6
7

168284
39681
10994

62.0
53.6

848897

53.3

N

Pop Est

Female

198
161

3859

8

336

9

73
22
1569

Other
All

51.5
51.1

Rural Regions
Age
5

6
7

3140

66.6

4011
1522

46.9
53.8
532

16357

56.3

3594

8
9

200
256
80

All

905

Other

10

60.4 1

231

-
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MEAN AGE AND GENDER DISTRIBUTION OF ELEMENTARY SCHOOL SURVEY POPULATION BY REGION
ALL CHILDREN
All Regions
Sample Size

Population
Estimate

K

1059

1-2

Grade

3
K-3

Mean Age

SEM

Female

Male

351351

5.53

0.03

51.7

48.2

1312

416865

7.05

0.10

53.4

46.6

863

235745

8.60

0.03

57.6

42.4

3234

1003961

6.89

0.13

53.8

462

Mean Age

SEM

Female

Male

Fluoridated Regions
Sample Size

Population
Estimate

K

274

44319

5.94

0.15

61.6

38.4

1-2

288

43807

7.01

0.04

61.7

38.3

3

198

50581

8.59

0.03

50.8

49.2

K-3

760

138707

7.27

0.18

57.7

42.3

Mean Age

SEM

Female

Male

Grade

Urban Regions
Sample Size

Population
Estimate

K

549

302427

5.48

0.03

50.2

49.8

1-2

647

366022

7.05

0.11

52.4

47.6

3

373

180448

8.60

0.04

59.7

40.3

1569

84.8897

6.82

0.14

53.1

46.8

Mean Age

SEM

Female

Male

Grade

K-3

Rural Regions
Sample Size

Population
Estimate

K

236

4604

5.66

0.09

59.6

40.4

1-2

377

7036

7.23

0.08

56.3

43.7

3

292

4717

8.73

0.04

52.4

47.6

K-3

905

16357

7.21

0.10

56.1

43.9

Grade

Note: Differences between These data and other data by age due to incomplete information on a few children
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MEAN AGE AND GENDER DISTRIBUTION OF ELEMENTARY SCHOOL SURVEY POPULATION BY REGION
AS
All Regions
Sample Size

Population
Estimate

K

161

1-2

Mean Age

SEM

Female

Male

31343

5.54

0.04

51.6

48.4

193

46899

6.84

0.06

49.1

50.8

3

136

30899

8.59

0.04

55.4

44.6

K-3

490

109141

6.97

0.16

51.6

48.4

Mean Age

SEM

Female

Male

Grade

Fluoridated Regions
Sample Size

Population
Estimate

K

66

5531

5.53

0.06

71.1

28.9

1-2

58

3910

6.94

0.06

38.5

61.5

3.

46

5392

8.55

0.05

55.0

45.0

170

14833

7.00

021

56.6

43.4

Mean Age

SEM

Female

Male

Grade

K-3

i

Urban Regions
Grade

Sample Size

Population
Estimate

91

25158

5.55

0.05

46.4

53.6

131

42021

6.83

0.06

49.3

50.6

88

25347

8.60

0.05

55.2

44.8

310

92526

6.97

0.18

50.1

49.8

Mean Age

SEM

Female

Male

K
1-2
3
K-3

i

Rural Regions
Sample Size

Population
Estimate

K

4

654

5.46

0.03

89.5

10.4

1-2

4

968

6.88

0.55

83.6

16.4

3

2

161

8.87

0.12

100.0

0.0

10

1783

6.53

0.56

87.2

12.8

Grade

K-3

I

/
:

I

i
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MEAN AGE AND GENDER DISTRIBUTION OF ELEMENTARY SCHOOL SURVEY POPULATION BY REGION
AFRICAN AMERICANS
All Regions
Sample Size

Population
Estimate

K

168

1-2

Mean Age

SEM

Female

Male

32651

5.50

0.03

48.4

51.6

182

34892

6.92

0.11

47.0

53.0

3

121

18629

8.58

0.05

60.8

39.2

K-3

471

86172

6.75

0.22

50.5

49.5

Mean Age

SEM

Female

Male

Grade

Fluoridated Regions
Sample Size

Population
Estimate

K

47

3230

5.61

0.18

36.3

63.6

1-2

56

3819

6.94

0.13

54.8

452

3

46

4676

8.66

0.09

59.3

40.7

149

11725

7.27

0.25

51.6

48.4

Mean Age

SEM

Female

Male

Grade

K-3

Urban Regions
Sample Size

Population
Estimate

K

110

29051

5.49

0.03

49.8

50.2

1-2

109

30213

6.91

0.13

45.6

54.4

68

13776

8.56

0.05

61.2

38.7

287

73040

6.65

0.25

502

49.8

Mean Age

SEM

Female

Male

Grade

3
K-3

Rural Regions
Sample Size

Population
Estimate

K

11

370

5.83

0.04

41.7

582

1-2

17

860

7.51

0.03

62.8

372

7

177

8.38

0.14

62.0

38.0

35

1407

7.18

0.31

57.2

42.8

Grade

3
K-3
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MEAN AGE AND GENDER DISTRIBUTION OF ELEMENTARY SCHOOL SURVEY POPULATION BY REGION
LATINO/HISPANICS
All Regions
Sample Size

Population
Estimate

K

404

1-2
3

Grade

K-3

Mean Age

SEM

Female

Male

122613

5.50

0.04

52.2

47.8

451

144325

6.98

0.08

47.6

52.3

296

86520

8.57

0.03

48.2

51.8

1151

353458

6.86

0.12

49.3

50.7

Mean Age

SEM

Female

Male

Fluoridated Regions
Sample Size

Population
Estimate

K

99

13862

5.68

0.04

51.7

48.3

1-2

92

12936

7.09

0.10

49.1

50.8

3

75

21240

8.58

0.04

50.6

49.4

266

48038

7.35

0.39

50.5

49.4

Mean Age

SEM

Female

Male

Grade

K-3

Urban Regions
Sample Size

Population
Estimate

K

216

107063

5.47

0.04

52.2

47.8

1-2

241

129132

6.96

0.08

47.5

52.5

3

128

63452

8.56

0.04

47.2

52.7

K-3

585

299647

6.77

0.11

49.1

50.9

Mean Age

SEM

Female

Male

Grade

Rural Regions
- Grade

Sample Size

Population
Estimate

89

1689

5.70

0.12

54.1

45.9

118

2257

7.34

0.18

49.6

50.4

93

1828

8.86

0.05

51.1

48.9

300

5774

7.34

0.09

51.4

48.6

K
1-2
3
K-3
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MEAN AGE AND GENDER

ELEMENTARY SCHOOL SURVEY POPULATION BY REGION

DISTRIBUTION OF

WHITE/CAUCASIANS
All Regions
Sample Size

Population
Estimate

K

221

1-2

Mean Age

SEM

Female

Male

163011

5.57

0.07

52.1

47.8.

332

187529

7.17

0.16

60.1

39.9

3

225

97634

8.62

0.06

66.3

33.7

K-3

778

448174

6.91

0.22

58.5

41.4

Mean Age

SEM

Female

Male

Grade

Fluoridated Regions
Sample Size

Population
Estimate

K

25

21437

6.33

0.41

69.6

30.4

1-2

33

22669

7.00

0.04

742

25.8

3

15

19047

8.59

0.03

47.8

522

K-3

73

63153

7.29

0.07

64.6

35.3

Mean Age

SEM

Female

Male

Grade

Urban Regions
Sample Size

Population
Estimate

K

87

139721

5.47

0.05

49.4

50.6

1-2

96

161959

7.20

0.18

58.3

41.7

3

45

76062

8.63

0.08

71.5

28.5

228

377742

6.85

0.25

57.6

42.3

Mean Age

SEM

Female

Male

Grade

K-3

Rural Regions
Sample size

Population
Estimate

K

109

1853

5.66

0.04

57.8

42.2

1-2

203

2901

7.17

0.06

50.8

49.2

3

165

2525

8.65

0.04

49.3

50.7

K-3

477

7279

7.30

0.03

52.1

47.9

Grade
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ETHNIC DISTRIBUTION OF ELEMENTARY SCHOOL SAMPLE
GRADE K SAMPLE
All Regions

Asian
161
152

Fluoridated

66

%
%

Urban

%

Rural

Latino
404

White
221

15.9

38.2

47

99

Black

168

24.1

17.2

36.1

91

110

216

16.6

20.0

4

11

Other
105

20.9

9.9

Total
1059

25

37

274

9.1

13.5

15.8

45

39.9

87

89

109

23

1.7

4.7

97.7

46.2

GRADES 1-2 SAMPLE
Asian
193
All Regions

f3lacic
182

Latino
451

ii e
_
Wl_t
332

14.7

13.9

34.4

58

56

92

%

%

Fluoridated

8.2
9.7

100
100

549

100

236
100

Other
154

25.3

11.7

Iltal
1312

33

49

288

100

%

20.1

19.4

91.9

11.5

17.0

100

Urban

131

109

241

96

16.8

37.2

10.8

647

202

14.8

70

4

17

118

203

377

1.1

4.5

31.9

53.8

35

Asian

%

Rural

%

GRADE 3 SAMPLE

9.3

100
100

White
225

34.3

9.8

863

15.8

26.1

85

14.0

Latino
296

isaai

136

Black
121

cater

All Regions
Fluoridated

46

46

75

15

16

198

23.2

232

37.9

7.6

8.1

100

88

68

128

44

373

23.6

16.2

34.3

45

12.1

11.8

100

2

7

93

165

25

292

%
%

Urban

%

Rural

100

100

0.7

2.4

31.8

56.5

8.6

Asian

Binh

Latino

490
152
170
22.4
310
19.8
10
1.1

471
14.6
149
19.6

1151
35.6
266
35.0

White
778
24.1
73
9.6

Other
344
10.6
102
13.4

Total
3234

%

GRADES K-3 SAMPLE
All Regions
WO

Fluoridated

%
Urban
Rural

100

287

585

228

159

1569

37.3
300
33.1

14.5
477
52.7

10.1
83
9.2

100

• Rural
ED Urban

1000-

• Fluoridated

Number of 800 children in 600 the sample 400
:=..."

1:I=M=SIZ:

0
Asian

Black

Latino

White

Other

Ethnic Distribution of Sample by Region: Grades K-3
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ETHNIC DISTRIBUTION OF ELEMENTARY SCHOOL POPULATION

GRADE K

POPULATION

ESTIMATE

Asian

Black

Latino

All Regions
%

31343
8.9

32651
9.3

122613
34.9

163011
46.4

1733
0.5

351351
100

Fluoridated

5531
12.5

3230
7.3

13862
31.3

21437
48.4

260
0.6

44320
100

25158
8.3

29051
9.6

107062
35.4

139721
46.2

1435
0.5

302427
100

654
14.2

370
8.0

1689
36.7

1853
40.2

38
0.8

4604
100

%
Urban

%
Rural

%

Igial

WhiteOther

GRADE 1-2 POPULATION ESTIMATE

Asian

BAL.(

Latino

White

Other

Total

46899
11.3

34893
8.4

144325
34.6

187529
45.0

3220
0.8

416866
100

3910
8.9

3820
8.7

12936
29.5

22669
51.8

473
1.1

43808
100

42021
11.5

30213
8.2

129132
35.3

161959
44.3

2697
0.7

366022
100

968
13.8

860
12.2

2257
32.1

2901
41.2

50
0.7

7036
100

Asian

mach

Latino

White

Other

Ig.tal

All Regions
oh

30899
13.1

18628
7.9

86520
36.7

97634
41.4

2064
0.9

235745
100

Fluoridated

5392
10.7

4676
9.2

21240
42.0

19047
37.7

226
0.4

50581
100

25347
14.0

13776
7.6

63452
35.2

76062
42.2

1810
1.0

180447
100

160
3.4

176
3.7

1828
38.8

2525
53.5

28
0.6

4717
100

All Regions

%
Fluoridated

%
n
i

Urban

%

Rural

%

GRADE 3 POPULATION ESTIMATE

%
Urban
0/0
Rural

%

GRADE K-3 POPULATION ESTIMATE

All Regions

%
Fluoridated

%
Urban

%
Rural

%

DRAFT: 912W94: HP: ELBA

Asian

Black

Latino

White

Other

Dia)

109141
10.9

86172
8.6

353459
352

448174
44.6

7016
0.7

1003962
100

14833
10.7

11725
8.4

48037
34.6

63152
45.5

959
0.7

138706
100

92526
10.9

73040
8.6

299647
35.3

377742
44.5

5942
0.7

848897

1782
10.9

1407
8.6

5775
35.3

7280
44.5

115
0.7

13

100
16359
100
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DEMOGRAPHICS

REGIONAL AND ETHNIC DISTRIBUTION OF SAMPLE AND POPULATION ESTIMATE

Urban
48%

Urban
84%

Rural
28%

Fluoridated
14%

Regional Distribution of
Elementary Schools Sample

Rural
2%

Regional Distribution of
Elementary Schools Population
Estimate

Latino
35%

Latino
35%

White

White
24%

Black
15%

46%

Black
Asian
15%

Other
11%

9% Asian Other
9% 1%

Ethnic Distribution of Elementary
Schools Population Estimate

Ethnic Distribution of Elementary
Schools Sample
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ORAL HEALTH STATUS

ORAL HEALTH STATUS: 1: UNTREATED DENTAL CARIES

Indicator

Percentage of children with 1+ decayed primary or permanent teeth (dt or DT), and distribution
and mean number of decayed teeth

Purpose These data on untreated tooth decay by grade level for grades K-3 supplement those found in
Part 1 of this report relating to children aged 6-8 years. Programs are often Implemented by
grade level and these data indicate the degree of access to, and utilization of, dental
treatment services as evidenced by untreated dental caries.
Data Source

Examination Survey

Methods

Each child was screened by a trained dentist.

Results Of all children in grades K-3, 52.8% have some untreated decay (1+ decayed primary or
permanent teeth: dt + D1); conversely, 47.2% of elementary school children in grades K-3
have no evidence of untreated tooth decay (zero dt + DI).
There is a wide range in the percentage of children in grades K-3 affected by untreated tooth
decay for groups identified by ethnicity and region. Asian children in non-fluoridated urban
areas had the highest percentage (70.7%) with untreated tooth decay. White children in
fluoridated areas were the group with the lowest percentage (21.2%) of untreated tooth decay.
On average, there are 1.98 untreated decayed primary and permanent teeth per elementary
school child in grades K-3.
Among the subgroups there is a wide range of the mean number of untreated decayed primary
teeth. Latino children in non-fluoridated urban areas had the highest mean number of untreated
decayed teeth (2.96 dt+DT). White children in fluoridated areas were the group with the lowest
mean number of untreated decayed teeth (0.43 dt+DT).
Further analysis of the untreated dental caries data of children by region and ethnicity shows
that those in the fluoridated regions have less untreated dental decay (mean 1.05 dt+DT for K3 children in fluoridated regions compared to 1.98 for all regions combined), and White children
have a lower prevalence of untreated dental caries (mean 1.17 dt+DT for White children in
grades K-3 compared to 1.98 for all ethnic groups combined).
Conclusion Asian children must also be included with other target groups for reducing the percentage of
children with treated and untreated tooth decay. An appropriate objective of no more than 25%
of Asian and Latino children with treated and untreated decay is recommended (the same as
for Black and Latino children as set in Healthy People 2000).
Access to, and utilization of, dental treatment services needs to be improved for target groups
most in need.
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• 1 -4 carious teeth

0 5-8 carious teeth 0 9+ carious teeth IN Mean dt+DT
-2.5
-2

-1

Mean
ean
Decayed
Teeth

- 0.5

Distribution (%) of children with 0. 1-4. 5-8. 9+ decayed prim/1u and permanent teeth
idt DTJ: and mean number of decayed primary and permanent teeth (dt + DT): by grade

ALL
UNTREATED DENTAL CARIES (dt+DT)
REGIONS Distribution by number of primary and permanent teeth affected

I•

Grade K ILIGrades 1-2 • Grade 3

0 Grades K-3

6050per

40-

30cent 20 10

15.7
11.4 12-6

9S

43 3 4.7 3.9

0 (ctt+DT)

1-4 (ctt+DT)

5-8 (dt+DT)

9+ (dt+DT)

Distribution (%) of children with 0. 1-4. 5-8. 9+ decayed adman/ or permanent teeth
idt + DTI
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean dt+DT
1.88
2.04
2.03
1.98

QA1ll2n
i
52.1
45.2
43.5
47.2

range for dt+DT: 0-24
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1-4 fdt+DT)
33.8
36.0
40.4
36.3

5-8 (dt+DT)
9.6
15.7
11.4
12.6

9+ fctt+Ern
4.5
3.0
4.7
3.9
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UNTREATED DENTAL CARIES (dt+DT)
Number of teeth affected

GRADES K-3

IIII Fluoridated • Urban

3

229

0 All Regions

• Rural
296

221

2.13

126

Mean number of
teeth per child
0
Asians

Latinos

Blacks

Whites

All

I.D.: tnsufficient Data for Asians in Rural Areas

Mean number of primary and permanent teeth fdt+DT1 with untreated decay per child
by ethnicity and region

UNTREATED DENTAL CARIES (dt+DT)
Number of teeth affected

ALL REGIONS

I• Grade K II Grades 1-2 •Grade 3
21
3

Grades K-3

322

1.27

Mean number of
teeth per child 1

1

s8 224 2.03 193

029

•II

0
Asians

Latinos

Blacks

Whites

All

Mean number of primary and Permanent teeth ldt+DT1 with untreated decay per child;
by ethnicity and Grade in all regions
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FLUORIDATED
URBAN REGIONS

ORAL HEALTH STATUS

UNTREATED DENTAL CARIES (dt+DT)
Number of teeth affected
IO Grade K

3-

ta Grades 1-2 • Grade 3

['Grades K-31

2.6
2.25

2.2

2-

129

Mean number of
teeth per child 1

121

148

137

127
101 1.06

0A9
o.s3
;2
038mi.D.EI

0
Asians

Blacks

Latinos

Whites

All

Mean number of primary and permanent teeth fdt+DT1 with untreated decay per child
by ethnicity and grade in Fluoridated Urban Region&

NON FLUORIDATED
URBAN REGIONS

UNTREATED DENTAL CARIES (dt+DT)
Number of teeth affected
I• Grade K 0 Grades 1-2 • Grade 3

0 Grades K-3I

2Mean number of
teeth per child 1.

Asians

Blacks

Latinos

Whites

All

Mean number of primary and permanent teeth (dt+DTJ with untreated decay per child
01/ ethnicity and grade in Non Fluoridated Urban Regions

UNTREATED DENTAL CARIES (dt+DT)
Number of teeth affected

RURAL REGIONS

I• Grade K B Grades

1-2 •

Grade 3

0 Grades K-3

225

222

173

Mean number of
teeth per child
Insufficient Data
Asians

Latinos

Blacks

Whites

All

Mean number of primary and permanent teeth (dt+DT1 with untreated decay oer child
by ethnicity and grade in Rural Regions
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UNTREATED DENTAL CARIES (dt+DT)
Distribution by number of teeth affected

ALL REGIONS

la 1 to 4 • 5 to 8 1:1 9+ I

1111 None

80-,
61.9

60per
cent

472

46.6

40200
Asians

Blacks

Latinos

All

Whites

Mean number per child of decaved primary and permanent teeth (cit+DT): and
Pistribution (%) of children with 0. 1-4. 5-8. 9+ decayed primary and permanent teeth
ALL REGIONS
All Children
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (0t+D1)
1.88
2.04
2.03
1.98

1)/¢(±QD

1-4 (dt+DT)

52.1
45.2
43.5

33.8
36.0
40.4
36.3

47.2

5-8 (dt+DT)
9.6
15.7
11.4
12.6

9+ (dt+DT)

5-8 jcit+DT)

9+ (dt+DT)

10.5
19.3
11.3
14.5

6.6
6.4

4.5
3.0

4.7

3.9

Asian
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean=±12.1)
2.77
3.02
2.54
2.81

Q_(gittp])
40.6
23.9
33.5

31.4

1-4 (pt+DT)
39.2
50.2

48.8
46.6

9.7

7.5

African American
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (cti+DT)

0.(c8+I2D

1-4 (rJt+DT)

5-8 (dt+DT)

1.83

49.0
38.6

39.3
41.6
41.3
40.7

9.9
16.3
16.3
13.9

1-4 (dt+DT)
39.2
43.7
MI
40.8

5-8 (clt+DT)
16.1
20.5
15.7
17.8

9+ (sIt+DT)
9.6
5.7
3.9
6.6

1-4 Idt+DT)
27.8
25.5
39.5
29.4

5-8 (dt+DT)
4.2

9+ (dt+DT)
0.0
0.0
5.1
1.1

2.15
2.01
2.00

39.6
42.7

9+ (dt+DT)
1.8
3.5
2.9

2.7

Latino
Mean (dt+DT)
Grade K
Grade 1-2
Grade 3
Grade K-3

2.95
2.85
2.22
2.73

0 Cdt+DT)
35.0
30.1
422

34.8
White

Grade K
Grade 1-2
Grade 3
Grade K-3
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Mean (dt+DT)
0.89
1.15
1.67
1.17

0 (ctt+DT)
67.9
63.5
48.7
61.9
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FLUORIDATED
URBAN REGIONS

UNTREATED DENTAL CARIES (dt+DT)
Distribution by number of teeth affected
IIII None rii to 4 • 5 to 8 0 9+
78.8

80

63.4

60per
cent

40200
Blacks

Asians

Wh ites

Latinos

Ail

Mean number per child of decayed primary and permanent teeth (dt+DT): and
Distribution (%) of children with 0. 1-4. 5-8. 9+ decayed primary and oermanent teeth
FLUORIDATED URBAN REGIONS
All Children
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (dt+DT)
1.27
0.88
1.01
1.05

0 (git+DT)
64.6
64.5
61.5
63.4

1-4 (dt+DT)
25.6
29.2
32.5
29.4

5-8 (dt+DT)
7.6
6.0
4.5
6.0

9+ (cit+DT)
2.1
0.3
1.5
1.3

1-4 kit+DT)
28.8
42.5
39.4
36.3

5-8 fdt+DT)
16.8
13.2
12.6
14.3

9+ (dt+DT)
3.5
2.4
8.1
4.9

1-4 tdt+DT)
33.3
18.0
53.3
36.3

5-8 kit+DT1
2.7
0.8
5.2
3.1

(cl LSE!
-I
1.9
0.0
0.0
0.5

1-4 (dt+DT)
50.9
46.0
28.0
39.4

5-8 fdt+DT)
11.1
7.6
6.2
8.0

(st+
t0)
4.5
0.0
1.4
1.9

1-4 (dt+DT)
4.6
19.1

5-8 (dt+DT)
3.3
4.9

18.4

2.8

9+ (ctt+DT)
0.0
0.0
0.0

Asian
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (dt+DT)

0 fdt+DTI

2.20
1.89
2.50
2.23

51.0
42.0
39.9
44.5

African American

Grade K
Grade 1-2
Grade 3
Grade K-3

Mean fdt+DT)
1.21
0.32
1.37
0.99

Q (dt+DT1
62.1
81.1
41.5
60.0
Latino

Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (git+DT)
2.25
1.39
1.00
1.46

0 idt+DT)
33.5
46.4
64.4
50.7
White

Grade K
Grade 1-2
Grade 3
Grade K-3
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Mean (dt+DT)
0.28
0.49
0.43

0 (dt+DT)
92.1
76.0
78.8

20

ELEMENTARY SCHOOLS REPORT

NON FLUORIDATED
URBAN REGIONS

ORAL HEALTH STATUS

UNTREATED DENTAL CARIES (dt+DT)
Distribution by number of teeth affected
I• None GI 1 to 4 • 5 to 8 9+
592

60
per 40
cent

20
0

Mean number per child of decayed primary and permanent teeth (dt+DT1: and
Distribution (%1 of children with 0. 1-4. 5-8. 9+ decayed primary and permanent teetht
NON-FLUORIDATED URBAN REGIONS
All Children

Grade K
Grade 1-2
Grade 3
Grade K-3

Mean fdt+DT)
1.97
2.17
2.33
2.13

1-4 (dt+DT)
35.1
36.9
42.5
37.5

5-8 (dt+D1)
9.9
16.7
13.5
13.6

9+ fctt+DTI
4.8
3.4
5.7
4.4

1-4 kft+DT)
42.2
51.9
50.5
48.8

5-8 (dt+DT)
9.4
18.4
11.1
13.9

9+ fdt+D1)
11.0
7.2
6.1
7.9

1-4 (dt+DT)
40.4
45.4
37.1
41.9

5-8 f0t+DT)
10.3
17.7
20.2
15.2

9+ (dt+DT)
1.9
4.0
3.9
3.1

Qisj LLD
+

1-4 (d14-1)7)

34.9
28.3
34.8
32.0

37.8
43.5
41.1
40.9

5-8 (dt+DT)
17.0
22.0
19.2
19.6

9+ (01+D1)
10.4
6.3
4.8
7.4

1-4 ldt + DT)
30.9
26.2
41.8
31.1

5-8 fdt+ DT)
4.4
11.9
8.4
8.4

9+ W1+01
0.0
0.0
6.6
1.3

0 (dt+DT)
50.2
43.0
38.3
44.5
Asian

Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (ctt+DT)
2.92
3.07
2.54
2.89

0 (dt+DT)
37.5
22.6
32.4
29.3

African American

Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (ctt+DT)
1.90
2.37
2.24
2.16

0 (gft+DT)
47.4
32.9
38.8
39.8
Latino

Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (dt+DT)
3.07
3.01
2.65
2.96

White

Grade K
Grade 1-2
Grade 3
Grade K-3
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Mean (dt+DT)
0.97
1.24
1.99
1.29

0 (04-DT)
64.8
61.8
43.3
592
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UNTREATED DENTAL CARIES (dt+DT)
Distribution by number of teeth affected

RURAL REGIONS

III None fat to 4 IN 5 to 8 9+

51.3

Insufficient Data
Asians

Latinos

Blacks

Whites

All

Mean number per child of decayed primary and Permanent teeth (dt+DTI: and
Pistribution (53,0) of children with 0. 1-4. 5-8. 9+ decayed primary and Permanent teeth
RURAL REGIONS
All Children
Mean (dt+DT)

Grade K
Grade 1-2
Grade 3
Grade K-3

1.46
2.25
1.22

1.73

(dt+DT)
62.3
44.6

50.5
51.3

1-4 (dt+DT)
25.5

5-8 (dt+DT)
7.8

9+ (dt+DT)

30.8

22.7

44.2
33.2

5.1.
13.4

1.8
0.2
2.1

Asian
(fewer than 25 individuals in sample)
QA11±(11)
1-4 (dt+DT) 5-8 (dt+DT)
Mean (dt+DT)

4.4

9+ (dt+DT)

Grade K
Grade 1-2
Grade 3
Grade K-3
African American

Mean (dt+DT)
Grade K
Grade 1-2
Grade 3
Grade K-3

2.22

-WM

53.2

1-4 (dt+DT) 5-8 (dt+DT)

9+ (dt+D1)

14.2

32.7

0.0

9+ (dt+DT)

Latino
Grade K
Grade 1-2
Grade 3
Grade K-3

Mean (ch+DT)

0 (dt+DT)

1-4 (dt+DT)

1.3
2.02
1.56
1.68

55.3

35.8

42.8
42.3
46.3

44.5

5-8 (dt+DT)
6.1
8.7

50.2
43.8

7.0
7.4

0.5
2.5

1-4 (dt+DT)
26.2
32.5
35.6
32.0

5-8 (dt+DT)
5.5
9.4
4.3
6.7

9+ (dt+DT)
3.4
1.3
0.0
1.4

2.7
3.9

White
Grade K
Grade 1-2
Grade 3
Grade K-3
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Mean (dt+DT)
1.27
1.40
0.90
1.19

0 (ch+DT1
64.9
56.8
60.1
60.0

22

ORAL HEALTH STATUS

ELEMENTARY SCHOOLS REPORT

ORAL HEALTH STATUS: 2: TREATED AND UNTREATED DENTAL CARIES

Indicator

Percentage of children with 1+ decayed, extracted, or filled primary and permanent teeth (1+
dtt + DMFT) and distribution and mean number of such teeth and tooth surfaces

Purpose

TO describe overall caries prevalence and indicate the degree of need for preventive
programs.

Data Source

Examination Survey

Methods

Each .child was screened by a trained dentist.

Results

Of all elementary school children in grades K-3, 69.2% have had some tooth decay (1+
decayed, extracted, or filled primary or permanent teeth: dtt + DMFT); conversely, 30.8% have
no evidence of having had tooth decay (zero dft+DMFT).
There is a wide range of the percentage of children in grades K-3 affected by treated and
untreated tooth decay for groups identified by ethnicity and region. Asian children in nonfluoridated urban areas had the highest percentage (88.3%) with untreated and treated tooth
decay. White children in fluoridated urban areas were the group with the lowest percentage
(44.1%) with untreated and treated tooth decay.
On average, there are 3.71 decayed, extracted, or filled primary or permanent teeth
(dft+DMFT) per elementary school child in grades K-3.
Among the subgroups in grades K-3 there is a wide range of the mean number of untreated and
treated tooth decay. Asian children in non-fluoridated urban areas had the highest mean
number of untreated and treated tooth decay (5.95 dft+DMFT). White children in fluoridated
urban areas were the group with the lowest mean number of untreated and treated decayed
teeth (1.74 dft+DMFT).
Further analysis of these dental caries data of children by region and ethnicity shows that
children in grades K-3 in the fluoridated regions have less dental decay (mean 2.70 dft+DMFT
in fluoridated regions compared to 3.71 for all regions combined), and White and Black children
have a lower prevalence of dental caries than Asian and Latino children (Whites: mean 2.59
dft+DMFT: Blacks: mean 3.01; Latinos: mean 4.69; Asians: mean 5.69).

Conclusion Asian and Latino children must also be included with other target groups for reducing the
percentage of children with treated and untreated tooth decay. An appropriate objective of no
more than 400/o of Asian and Latino children with treated and untreated decay is recommended
(the same as for Black children as set in Healthy People 2000).
Access to water fluoridation and other preventive dental services needs to be improved for
target groups most in need.
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GRADES K-3
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ALL REGIONS
TREATED AND UNTREATED DENTAL CARIES (dft+DMFT)
GRADES K - 3 Distribution by number of primary and permanent teeth affected
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GRADES K-3 TREATED AND UNTREATED DENTAL CARIES (ctft+DMFT)
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FLUORIDATED TREATED AND UNTREATED DENTAL CARIES (dtt+DMFT)
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Mean (and standard error of the mean) (dft + DMFT1
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TOOTH SURFACE DATA

DENTAL CARIES: ELEMENTARY SCHOOLS
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Note: Slight differences between percentage of children with zero (dtt+DMFT) and zero (dts+DMFS) due to a few
inconsistencies in data recording.

Mean number Land standard error of the mean) of decayed. extracted, or filled
primary and oermanent tooth surfaces I(dfs+DMFS): by region and grade
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These data supplement those found in Part 1 on Dental Caries for 6-8-year-old children

DENTAL CARIES: 6-8-YEAR-OLDS
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DENTAL CARIES: 6-8-YEAR-OLDS
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Percentage of 6-8-year-olds with one or more carious lesions
jn permanent and/or primary teeth: by parent education status

Note:

Comparative national data for 1986-87:
53% of children had one or more carious lesions in permanent or primary teeth (dft+DMFT); 70% of
children aged 6-8 years whose parents have less than a high school education.
27% of children had one or more untreated carious lesions in permanent or primary teeth (dt+DT); 43%
of children aged 6-8 years whose parents have less than a high school education.
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Percentage of children, aged 6 through 8 years, with one or more carious lesions
in permanent or primary teeth, by parent education status
All Children
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ORAL HEALTH STATUS: 3: TREATMENT URGENCY
Percentage of children needing dental treatment according to urgency of need

Indicator

No treatment needed according to this examination.
Treatment needed, but not urgent includes restorations (fillings)
and sealants.
Treatment of an urgent nature needed, due to extensive decay in
one or more teeth, or pain or infection.

No needs:
Non-urgent needs:
Urgent needs:

Purpose

To assess the degree of urgency for dental treatment.

Data Source

Examination Survey

Mat=

Each child was screened by a trained dentist

Results

Of all elementary school children in grades K-3, 54.2% are in need of dental treatment 36.8%
have non-urgent treatment needs, and 17.4% are in urgent need of dental treatment.
There is a wide range of the percentage of children in urgent need of dental treatment for
groups identified by ethnicity and region. Black children in rural regions had the highest
proportion (32.7%) of urgent dental treatment needs. White children in Fluoridated Urban
regions were the group with the lowest proportion (3.6%) of urgent needs.

Conclusion A specific objective for this oral health status indicator is needed with an action plan to meet
this objective targeted to subgroups found to have not met the objective. An appropriate
objective of no more than 10% of any group of children with urgent treatment needs is
recommended.
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TREATMENT NEEDS: ELEMENTARY SCHOOLS

African-American Latino/Hispanic White/Caucasian
Distribution (h) of Children in Grades K-3
with no needs. non-urgent needs. and urgent needs by Ethnicity
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Treatment urgency
Distribution of children with no needs, non-urgent needs. and urgent needs;
by ethnicity, region, grade
All children
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25.1
15.1
17.1

42.0
27.7
28.4

Non.
Urgent
Needs

Grade 3

Grades K-3

Non.
Urgent
Needs

22.3
30.5
30.1

35.7
41.9
41.5

i

No
Needs

Urgent
Needs

Urgent
Needs

31.5
34.2

37.5
40.3

31.1
25.6

40.5
34.3

32.9
40.7

26.6
25.0

33.5

39.6

26.9

35.1

39.4

25.5

African Americans
Grade K

Fluoride
Urban
Rural
All

Grades 1-2

Grade

No
Needs

Non.
Urgent
Needs

Urgent
Needs

19.5
4.5

80.4
18.2

16.6
63.0

6.4

25.8

56.7

Non.
No
Urgent
NeedsNeeds

Urgent
Needs

62.1
44.1

18.4
51.4

46.0

47.7

3

Grades K-3

No
Needs

NonUrgent
Needs

Urgent
Needs

No
Needs

NonUrgent
Needs

Urgent
Needs

3.0
18.8

37.6
35.2

51.2
52.3

11.2
12.6

17.5

35.9

52.0

12.1

582
31.7
51.6
35.6

31.0
56.4
15.8
52.3

10.8
11.9
32.7
12.1

I

Latino/Hispanics

No
Needs

Fluoride

41.0

Urban
Rural

37.4
61.5
38.2

All

Grade K

Grades 1-2

NonUrgent
Needs

Non.
Urgent
Needs

37.8
42.0

Urgent
Needs

No
Needs

Grade
Urgent
Needs

3

NonNo
Needs

21.2

52.4

30.5

17.1

33.9

27.6
49.6

43.9
33.9

28.5

27.8

29.7

20.5
8.8

41.4

20.4

30.1

42.6

16.4
27.3

55.2
29.9

Grades K-3
Non

Urgent

Urgent

Urgent

Needs

No
Needs

Urgent

Needs

Needs

Needs

55.6
46.0
27.8
48.0

10.5
262
17.0
22.2

40.9
31.1
54.9
32.9

43.7
43.7
30.7

15.3
252
14.4

43.5

23.7

White/Caucasians

Fluoride
Urban
Rural
All

Grade Pc

Grades 1-2
Non-

No
Needs

Non.
Urgent
Needs

63.7
68.7
66.5
68.0

33.4
21.8
24.6
23.3
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Urgent

Urgent

Needs

No
Needs

Needs

2.8
9.6
8.9
8.7

88.1
64.4
59.9
67.2

22.8
28.6
20.7

4.4

Grade
Urgers
Needs

No
Needs

NonUrger,
Needs

7.5
12.8
11.4
12.1

37.6
65.2
35.7

42.8
27.5
48.9

35

3

Grades K-3
Non

Urgent

Urgent
Needs

No
Needs

Needs

Urgers
Needs

19.6
7.3
15.4

60.5
60.6
63.4
60.6

35.8
26.5
27.2
27.8

3.6
13.0
9.3
11.6

ORAL HEALTH STATUS

ELEMENTARY SCHOOLS REPORT

ORAL HEALTH STATUS: 4: ORAL INJURIES

indicator

Percentage of children with evidence of a previous oral injury

PunDose

To assess the prevalence of oral injuries and indicate the need for prevention and treatment

Data Source

Examination Survey and accompanying questionnaire

Methods

Parents/guardians gave the reason for their child's last dental visit, and children were
screened by a trained dentist

fiesultS

Injury accounted for 1.4% of responses for the reason for the last dental visit for all children in
grades K-3.
According to the dental examination findings, 3.0% of all children in grades K-3 had a
traumatized incisor tooth, with a mean for all children of 3.9 incisors per 100 children (mean
number of traumatized incisors per child affected of 1.29 teeth).

Conclusion

Grade K
Grades 1-2
Grade 3
Grades K-3

A specific objective for this oral health status indicator is needed with an action plan to meet
this objective.
Percent of children with a
traumatized tooth
4.5
2.3

DRAFT: 9/28/94: HP: ELEM

Mean number of traumatized
teeth (per 100 children)
5.8

2.3

3.3
2.3

3.0

3.9

36

Mean number of traumatized
teeth (per child affected)
1.30
1..43
1.00
1.29

RISK REDUCTION
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FLUORIDE USE: GRADES K-3
• F Toothpaste

100

0

Systemic F • School Rinse

87.9

88.

86.9

0

Home Rinse

1

86.9

80

per 60
cent 40

20

Asian

Black

White

Latino

All

Percentage of children currently using fluoride toothpaste. systemic fluoride,
fluoride mouthrinse at school or at home: by ethnicity
Percentage of children currently using topical or systemic fluoride
by grade and ethnicity
Grade K

Asian
Black
Latino
White
All

F Toothpaste
82.2
93.3
86.4
86.4
. 86.6

Grade 3

Grades 1-2

Soternic F
14.7
13.1
7.5
14.0
11.7

F Toothpaste
83.0
85.4
87.3
88.6
87.2

Systemic F
11.3
9.7
8.8
10.9
10.1

F Toothpaste
79.8
83.4
86.8
90.0
86.8

Grades K-3

Systemic F

F ToothPaele

S.ystemic F

12.1
12.3
9.8
15.9
13.0

81.9
87.9
86.9
88.1
86.9

12.5
11.5
8.6
13.1
11.3

Percentage of children currently using fluoride mouthrinse at school or at home
by .grade and ethnicity
Grade K

Asian
Black
Latino
White
An

racle.5 1-2

Grades K-3

Grade 3

School Rinse

aome Rinse

School Rinse

Home Rinse

School Rinse

Home Rinse

School Rinse

Home Rinse

4.0
2.2

17.7
16.4
8.6
11.2
11.3

21.1
12.1
15.4
19.9
17.7

16.1
24.2
17.8
13.6
16.1

8.8
13.7
15.1
23.1
18.2

17.3
37.3
23.5
16.9
21.2

12.4
8.8
11.6
15.8
13.5

16.9
24.2
15.9
13.4
15.6

4.1
6.3
5.0
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Percentage of children currently using topical and/or systemic fluoride;
by region and ethnicity
All Children
Grade K
Fluoridated
Urban
Rural
All

Elszaboate
81.2
87.4
84.6
86.6

Systemic F
8.5
12.0
17.8
11.7

Grades 1-2
f Toothpaste
86.9
87.2
83.6
87.2

Systemic F
7.0
10.5
10.3
10.1

Grade 3
F Toothpaste
90.2
85.9
86.0
86.8

Grades K-3

Systemic F
2.7
15.9
7.7
13.0

F Toothpaste
86.3
87.0
84.5
86.9

Systemic F
5.9
12.2
11.6
11.3

Asians
Grade K
Fluoridated
Urban
Rural
All

Eicasborde
83.5
81.4
82.2

Systemic F
6.1
16.7
14.7

Grade 3

Grades 1-2
E.1.2mtipame
78.7
83.0
83.0

Systemic F
11.7
11.6
11.3

Eistrabizate
79.5
79.8
79.8

Grades K-3

Systemic F
2.6
13.9

F Toothpaste
80.8
81.7

Systemic F
6.4
13.6

12.1

81.9

12.5

African Americans
Grade K
Fluoridated
Urban
Rural
All

F Tcothpaste
85.5
94.2
93.3

Systemic F
4.8
13.9
13.1

Grades 1 -2
F Toothpaste
80.6
86.6
85.4

Systemic F
0.0
10.9
9.7

Grades K-3

Grade 3
F Toothceste
81.3
84.0
83.4

Systemic F
2.9
15.6
12.3

F Toothomite
82.2
89.1
73.8
87.9

Svstemic F
2.5
12.9
12.3
11.5

Latino/Hispanics
Grade K
Fluoridated
Urban
Rural
All

F Toothpaste
87.8
86.1
88.8
86.4

Systemic F
102
7.0
13.3
7.5

Grade 3

Grades 1-2
F Tocahpaste
80.4
88.0
85.6
87.3

Systemic F
19.2
7.8
9.6
8.8

F Toothpaste
86.2
87.1
83.3
86.8

Systemic F
5.5
11.4
4.9
9.8

Grades K-3
F Toothpaste
852
87.1
85.8
86.9

Systemic F
10.5
8.2
9.1
8.6

White/Caucasians
Grade K
Fluoridated
Urban
Rural
All

F Toothcaste
75.9
88.1
73.8
86.4

DRAFT: 6111194: HP: ELEM

Systemic F
8.6
14.5
22.2
14.0

Grade 3

Grades 1-2
Elkottoside
92.7
88.2
82.3
88.6

Systemic F
1.2
122
14.5
10.9

39

EJszcabpste
87.6
86.8
90.0

Systemic F
20.1
7.0
15.9

Grades K-3
F Toothpaste
89.2
88.0
81.8
88.1

Systemic F
2.9
14.7
13.8
13.1
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Percentage of children currently using fluoride mouthrinse at school or at home;
by region and ethnicity
All Children
Grades 1-2

Grade K

Grade 3

Grades K-3

School Rinse 1120111Lanall School Rinse Home Rinse School Rinse donieltnee School Rinse Home Rinse

Fluoridated

Urban
Rural
All

23.4
9.6
7.8
11.3

11.6
4.0
6.4
5.0

14.1
18.3
7.1
17.7

22.4
15.4
15.5
16.1

26.1
19.8
17.3
21.2

5.2
22.1
13.1
18.2

9.8
142
8.7
13.5

24.1
14.3
13.9
15.6

Asians

Fluoridated
Urban
Rural
All

Grades 1-2
Grade 3
Grade K
Oracles K-3
School Rinse Hamann School Rinse Home Rinse School Rinse Home Rinse School Rinse Home Rinse
8.4
22.7
5.5
19.6
25.5
4.4
6.2
23.0
16.1
15.8
16.2
23.0
8.5
16.0
4.1
13.6
17.7
21.1
16.1
17.3
8.8
4.0
12.4
16.9

African Americans
Grades 1-2

Grade K
SaixisaBate

Fluoridated
Urban
Rural
All

Grade 3

Home Rinse School Riffle Home Rinse School Rinse

15.0
0.8
2.2

30.9
14.9
16.4

5.0
13.3
12.1

23.4
23.5
24.2

4.8
16.7

Grade K

tionxtliim

34.6
38.5

13.7

Latino/Hispanics
Grades 1-2

Grades K-3

37.3
Grade 3

School Rinse

7.6
9.1
1.8
8.8

Hamann

30.0
23.0
35.3
24.2

Grades K-3

School Rinse Home Rinse School Rinse Home Rinse School Rinse Home Rinse School Rinse Home Rinse

Fluoridated
Urban
Rural
All

11.1
8.3
10.9
8.6

6.1

r 3.8

2.4
4.1

22.3
15.0
7.0
15.4

School Rinse Home Rinse School Rime

All

15.7
4.7

13.9
6.3
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10.6
16.7
18.3
15.1

White/Caucasians
Grades 1-2

Grade K
Fluoridated
Urban
Rural

34.9
16.2
15.4
17.8

29.4
8.4

6.5
112

13.7
21.1

11.0
19.9

ith2f1211.11into

16.5
13.3

10.3
13.6
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35.3
19.4
20.7
23.5
Grade 3

11.8
11.6
9.8
11.6

28.1
14.0
15.7
15.9

Grades K-3

School Rinse Home Rinse School Rinse Home Rinse

29.7

6.8
23.1

17.6

12.7
16.9

9.7
17.0

10.2
15.8

20.3
12.4

102
13.4

ELEMENTARY SCHOOLS

RISK REDUCTION

RISK REDUCTION: 2: SEALANTS
Definition

Percentage of children with sealants on 1+ permanent molar teeth

Puroose

To assess access to and dentist utilization of sealants.

Data Source

Examination Survey

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
intended to supplement those found in Part 1.
(Photos of Sealants on teeth)
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SEALANTS: Children in Grade 3
0 Non Poor • All Incomes

E Poor

51.8

Objective

50
per

25.7

cent

16.8
11.8
59

3.4

6.1

4

0
All Regions

Rural

Urban

Fluoridated

Percentage of Children in Grade 3 with sealants: by region and poverty

SEALANTS: Children in Grade 3
• Rural

• Fluoridated Ea Urban

0 All Regions

51.8

Objective

50
91.6

per
cent

11.5

10.8
6.1 52

0
All Incomes

Non Poor

Poor

Percentage of Children in Grade 3 with sealants: by region and poverty

SEALANTS: Children in Grade 3
• Poor

I Non Poor • All Incomes

Objective
50
per
cent
6 2 8 352
MM.

0
Asians

Latinos

Whites

All

Percentage of Children in Grade 3 with sealants: by ethnicity and poverty
DRAFT: 6111194: HP: ELEM
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SEALANTS
Percentage of children who have received protective sealants on the occlusal (chewing)
surfaces of permanent first molar teeth; by ethnicity and region
All Children

E_QQf

Fluoridated
Urban
Rural
All Regions

12.2
3:3
2.5
4.5

Age 8
Non Poor
54.5
8.0
22.6
25.5

All Incomes
29.5
5.4
6.1
10.4

10.8
4.0
3.4
4.9

Grade 3
Non Poor
51.8
11.8
16.8
25.7

EMU

Grade 3
Non Poor

Poor

All Incomes
31.6
6.1
5.9
11.5

Poor <200% Poverty
Asians

Poor
Fluoridated
Urban
Rural
All Regions

Age 8
Non Poor

5.1
5.6

All Income
15.4
6.2
7.6

7.0
4.5
4.8

15.0

All Incomes
12.4
5.5
6.6

African Americans

Fluoridated
Urban
Rural
All Regions

Poor
1.6
0.7
1.0

Age 8
Non Poor

All Income
6.4
3.0
4.0

eogi
1.5
3.7
.
3.1

Grade 3
Non Poor

4.8

All Incomes
5.6
4.2
4.7

Latino/Hispanics

Fluoridated
Urban
Rural
All Regions

Esar
12.9
3.1
0.7
5.4

Age 8
Non Poor
-

All Incomes
9.7
5.9
0.6
6.8

Poor
12.2
4.5
2.7
6.2

Grade 3
Non Poor

8.3

All incomes.
8.9
5.5
2.2
6.2

10.0

White/Caucasian

Fluoridated
Urban
Rural
All Regions
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ant

Age 8
Non Poor

Allincomea

EMI

Grade 3
Non Poor

All income

3.3
4.6
3.8

24.3
27.9

5.1
9.7
15.0

3.4
4.5
4.0

18.5
37.3

6.8
8.5
19.0
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SYSTEMS DEVELOPMENT: 1: DENTAL VISITS
Definition

This was assessed by asking parents/guardians if their child had been to a dentist.

Purpose

To identity children who have not entered the primary dental care system at an early age.

Data Source

Examination Survey, Questionnaire component

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
intended to supplement those found in Part 1. •

Children who have visited a dentist
I1111Fluoridated El Urban

• Rural

0 All Regionsl

90

per
cent

0
Grade 1

Grade K

Percentage of Elementary School children who have been to a dentist: by grade and region

Children who have visited a dentist
• Asian 0 Black • Latino 0 White 0 All

90

per
cent

0
Grade 1

Grade K

Percentage of children who have visited a dentist: by grade and ethnicity

DRAM': 6f11194 . HP: ELEM

44

ELEMENTAR

SYSTEMS DEVELOPMENT

Y SCHOOLS REPORT

Percentage of children who have visited a dentist; by ethnicity, region and grade
All Children
Fluoridated
Urban
Rural
All Regions

Grade K
78.5
69.3
65.7
70.4

Grade 1
84.0
76.0
70.3
76.8

Grade 3
90.8
88.5
83.4
88.9

Grades K-3
85.9
77.6
73.5
78.7

Grade 2
91.5
94.6

Grade 3
84.6
93.2

Grades K-3
77.2
86.7

•
94.3

91.7

85.4

Grade 2
92.0
82.3
73.7
83.1
Asians

Fluoridated
Urban
Rural
All Regions

Grade K
64.9
73.6
72.1

Grade 1
79.1
87.1
86.6

African Americans
Fluoridated
Urban
Rural
All Regions

Grade K
75.1
68.9
69.7

Grade 1
59.8
77.4

Grade 2
82.8

Grade 3
76.7
91.7

75.1

83.1

87.8

Grades K-3
73.9
77.4
71.3
76.8

Grade 3
90.1
86.3
75.9
87.0

Grades K-3
85.1
70.2
66.2
72.1

Grades K-3

Latino/Hispanics
Fluoridated
Urban
Rural
All Regions

Grade K
78.3

Grade 1

Grade 2

74.4

922

59.4
59.9

66.5
66.9
67.0

77.5
59.2
78.8

61.6

White/Caucasians
Grade K
Fluoridated

82.6

Urban
Rural
All Regions

75.9
61.5
76.7
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Grade 1

Grade 2

Grade 3

82.1
68.8
83.6

82.7
83.2
83.6

88.2
87.5

90.7
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89.9

81.2
76.5
82.5
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DEMOGRAPHICS

11111322=11a1
Part 1 of the report provided information on how the dental health of California's high school students compar6s'
with objectives set for the year 2000. This High Schools Report of the California Oral Health Needs Assessment
provides further information from data collected in schools between September 1993 and January 1954.
This High Schools Report is divided into sections on demographics, oral health status, risk reduction, and
systems development Objectives in each of these areas were developed in conjunction with the Advisory
Committee to this project

STUDY DESIGN (See Study Design section for a full description)
Due to geographic limitations imposed by travel budget restrictions, specific counties were selected to represent
Fluoridated titan, Non-Fluoridated Urban, and Rural regions. These counties were selected to represent the
most populated urban and fluoridated urban parts of California, and the rural counties in Northern and Central
California that were the most accessible to the examiner and recorder teams.
The geographic regions selected were:
1. Alameda/Contra Costa Counties
2. San Francisco County
3. City of Long Beach, Los Angeles County
4. Sacramento, San Joaquin, Santa Clara, and Solano Counties
5. North Los Angeles County
6 South Los Angeles County
7. Orange, Riverside. San Bernardino, and San Diego Counties - North
8. Orange, Riverside, San Bernardino, and San Diego Counties - South
9. Colusa. Glenn, and Lake Counties
10. Fresno County (excluding the city of Fresno)

(Fluoridated Urban)
(Fluoridated Urban)
(Fluoridated Urban)
(Non-Fluoridated titian)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Non-Fluoridated Urban)
(Rural)
(Rural)

.These counties represent 12 of the 13 most populated counties, and 77% of the public school population of
California. It should be noted that in the Non-Fluoridated Urban regions and the Rural regions there is a range of
fluoride concentration in water supplies, including a small number of optimally fluoridated communities. There
was one fluoridated community that was visited for this high school survey in the rural region of Fresno county
(Coalinga).
A sample was selected at random from a list of public high schools provided by the California Department of
Education. The list was first stratified by ethnicity of the students in order to produce a sample with adequate
representation of the smaller minority groups. A sample of 50 Regular High Schools was selected, with a second
set to be contacted as needed. Another sample was selected of 30 Continuation High Schools with a 10th grade
student body of at least 75 students. All schools were drawn from 10 regions: 5 non-fluoridated urban regions, 3
fluoridated urban regions, and 2 rural regions. A total of 30 High Schools and 10 Continuation High Schools were
visited. With consent, parents and students provided responses to written questionnaires for 909 students; of
these 898 students in 10th grade received dental screenings by trained dentists.

DEMOGRAPHICS OF CALIFORNIA'S HIGH SCHOOL POPULATION
•

According to Census data there were 1.575.596 people aged 15-18 years In California in 1990. In 1991-92
there were 1,395,626 students in public high schools, Including continuation high schools. Only 112.054
students were in private high schools In 1991-92. Thus at least 67,916 adolescents aged 15-18 were not
enrolled In public or private high schools.

•

The ethnic distribution of high school students in California is seen In Figure 1 where the largest group in
regular high schools are White/ Caucasian; the largest group in continuation high schools are Latino/
Hispanic.

•

With respect to family Income, 18.2% of the students in this age group live in families that are poor, as
defined by the 1993 Federal Poverty Level (reference 1990 Census of Population and Housing. Summary
Tape File 3 (Corrected). Population: Poverty Status. State of California. State Census Data Center). The
1993 Federal Poverty Level varies by the number of persons in the family and the annual income; for
example, the FPL for a family of 4 persons is an annual income of $14,350. For all children aged 12-17 years
in California, 37.1% live in families below 200% of the Federal Poverty Level.
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California's Students: Number of School Sites, Students, and Ethnic Distribution
Students

Asian

Black

Latino

White

Other

High School
(10th Grade)

370635

43951
11.9

32038
8.6

132584
35.8

158622
42.8

3440
0.9

Continuation High
(all grades)

41169

2946
7.2

5431
13.2

17574
42.7

14835
36.0

383
0.9

All High Schools

411804

46897
11.4

37469
9.1

150158
36.5

173457
42.1

3823
0.9

Schools

Csitornia Department at EduceOm. 1991-92 dela.

ETHNICITY

Latino
43%

White
36%
Black
13%

Ethnic Distribution of California Public
High School Students

Asian
7%

Other 1%

Ethnic Distribution of California Public
Continuation High School Students

Latino
58%

White
15%

Black
15%

Asian
4%

Ethnic Distribution of
High School Sample
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Other
8%

Ethnic Distribution of
Continuation High School Sample
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ETHNICITY OF WHOLE POPULATION ESTIMATE

Latino
36%

White
44%

Black
8% Asian Other
11% 1%

Ethnic Distribution of
High Schools Population Estimate
SAMPLE AND POPULATION ESTIMATE
96.8

100
90

82

80
70
60
50
40
30
20
10
0

• Sample
E Population
Estimate

18

High
Schools

Continuation

Distribution of High Schools and Continuation High School Sample
and Population Estimate
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DEMOGRAPHICS

REGIONAL DISTRIBUTION

Urban
56%

Fluoridated
28%

Urban
81%

Fluoridated
16%

Rural
16%

Rural
3%

Regional Distribution of High Schools
Popblation Estimate

Regional Distribution of High Schools
Sample

DEMOGRAPHICS OF SURVEY'S HIGH SCHOOL POPULATION
Data Source: Examination Survey questionnaire

Survey Sample: Number of Schools, Students Examined and Ethnic Distribution

High School

%
Continuation High
All High Schools

Latino

White

209

89

255

139

28.1

11.9

34.2

18.7

7.1

7
4.3

24
14.6

96
58.5

24
14.6

7.9

216

113

23.8

12.4

351
38.6

163
17.9

66
7.3

Students

Asian

30

745

10

164

%
40

909

%

Other

Black

Schools

53
13

Economic Status of Sample Students Families and Dental Insurance Coverage
Economic Statue

Poor Non Poor
High School

Medi-Cal

Dental Insurance
Private
Military

Sample percent
Estimate percent

355
69.9

153
30.1

492

50.8

Continuation High
Sample percent
Estimate percent

78

14

84.8
80.9

15.2
19.1

433
72.2
50.1

167

223

238

27.8

26.3
10.3

28.1
40.1

AN High

Schools
Sample percent
Estimate percent

49.9

Other

None

9.6

40.9

0.6

5.3

43.6

30.7

15.4

1.4

7.0

45.4

11

39

336

1.3
0.6

4.6
5.3

39.7
43.7

Poor 4200% of Poverty

The sample percentage and (population) estimate percentage differ due to weighting of the sample participants
to represent the larger population from which they were selected.
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Dental Insurance: All High Schools: Population Estimate
III Poor

El Non

Poor • All

80552

60per
40cent
M.

16,

LTi
103

1111L=
7. 3

0.3 12

I

0

Medi-Cal

4.1 73 6.3

0.6

I in"."71Min

Private

Other

Military

LI

None

Dental insurance Status of Survey's Poor and Non-Poor Students:
Distribution (3) of Population Estimate: All High Schools
Dental Insurance

Poor
Non Poor
All

Masihaal

Private

Military

Otter

=a

15.9%

26.3%

0.3%

4.1%

53.3%

2.3%

55.2%

1.2%

7.3%

34.0%

10.3%

40.1%

0.6%

5.3%

43.7%

Poor Below 200% of Poverty
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HIGH SCHOOLS SAMPLE: AGE AND SEX DISTRIBUTION BY ETHNICITY AND REGION

All Students

Glossary
All ethnicities combined, including
All Students:
Asians, African Americans, Latino/ Hispanics,
White/Caucasians, and Middle Eastern, Native
American/ American Indian or Alaska Native,
or Multi-Ethnic or Other.
Asians: All Students identified by parents as one of
nine Asian categories: Asian Indian, Chinese,
Cambodian, Filipino, Japanese, Korean,
Vietnamese, Pacific Islander, or Other Asian
African Americans:
All Students identified by
parents as African American / Black
Latino/Hispanics: All Students identified by
parents as Mexican American, Central
American, or Other Latino
White/Caucasians:
Al! Students identified by
parents as White/Caucasian
Fluoridated Regions: Schools in urban areas In
water districts considered to have 0.7 ppm or
more fluoride concentration of water supply
Urban Regions: Schools In urban areas In water
districts considered to have less than 0.7 ppm
fluoride concentration of water supply
Rural Regions: Schools in rural areas in water
districts considered to have less than 0.7 ppm
fluoride concentration of water supply
Age: Age in years at last birthday
N: Sample Size: Number of consenting Students
who were examined and had questionnaire
data.
Insufficient data (fewer than 25 individuals) in
results sections

All Regions
Age
14
15
16
17
18'
19
Other
Total

N
43
391 /'
272
121
54
14
14
909

Pop Est
9718
78017
46463
11226
3862
27846
53

Female
60.2
64.7
61.4
52.7
56.8
9.0
61.5

Male
39.8
35.3
38.6
47.3
43.1
91.0
38.5

Pop Est
1697
16615
5374
527
101
352
466
25132

Female
48.3
76.4
61.8
83.7
9.8
0.0

Male
51.7
23.6
38.2
16.2
90.2
100.0
29.4

N
22
167
157
90

Pop Est
7968
59010
39782
10326

Female
62.4
61.9
61.0
51.1

46

3693

57.9

13
10
505

494
2288
123561

15.3

Male
37.6
38.1
39.0
48.8
42.1
84.6

59.7

40.3

Pop Est
53
2392
1307
373
69
0
0
4192

Female
100.0
51.9
71.0
52.1
71.7
0.0
0.0
58.8

152885

Fluoridated Regions
Age
14
15
16
17
18
19
Other
Total

N
19
144

62
19
5
1
4
254

70.6

Urban Regions
Age
14
15
16
17
18
19
Other
Total

.

Rural Regions
Pop Est

Population Estimate

Female:

Female proportion of sample (%)

Male:
Mean:

Male proportion of sample (%)
Sum of all values

Number of Chitlren
SEM:

Standard Error of the Mean

DRAFT: 10/1fV94:HP: HIGH

Age

N

14

'2

15
16
17
18
19
Other
Total

80
53
12
3
0
0
150

Male
0.0
48.1
29.0
47.8
28.3
0.0
0.0
41.2
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HIGH SCHOOLS SAMPLE: AGE AND SEX DISTRIBUTION BY REGION
African Americans

Asians
All Regions

All Regions
Age
14
15
16
17
18
19
Other
Total

N
17
94

56
32
11
1
5
216

Pop Est
1066
9384
2711
2457

576
43

296
16533

Female
68.9
72.9
64.8
35.2
35.4
0.0
64.5

Male
31.1
27.1
35.2
64.8
64.6
100.0

Other
35.5

14

15
16
17
18
19
Other
Total

N
12
43

Pop Est
495

1571
525
135
13
0
0
2739

28

15
4
0
0
102

Female
69.7
542
87.0
49.7

75.0
0.0
0.0
632

Male
30.3
45.8
13.0
50.3
25.0
0.0
0.0
36.8

Urban Regions
Age
14
15
16
17
18
19
Other
Total

Total

N
5
61
28
12
4
1
2
113

Pop Est
1653
6335
4220

522
129
15
200
13074

Female
19.9
66.3
76.9
32.3
20.6
0.0
62.5

Male
80.1
33.7
23.1
67.7
79.4

100.0
37.5

Fluoridated Regions

Fluoridated Regions
Age

Age
14
15
16
17
18
19

Age
14
15
16
17
18
19
Other
Total

N
1
27
10

Female
100.0
58.4
56.7
100.0
0.0
0.0
58.1

Male
0.0
41.6
43.3
0.0
100.0
0.0

Female
18.9
71.6
81.4
29.3

Male
81.1
28.3
18.6
70.7
35.6
100.0

66

Pop Est
1632
4783
3473
499
41
15
109
10552

N

Pop Est

Female

Male

0
4
2
0
0
0
0
6

0
288
73
0
0
0
0
361

0.0

0.0
87.9
52.5
0.0
0.0
0.0
0.0
80.8

1
1

0
1

41

Pop Est
20
1264
674

22
88
0
93
2161

41.9

Urban Regions

N
5
47

Pop Est
572

7571
2089
2205
562
43
294
13336

27

15
7
1
5
107

Female
682
77.5
57.5
32.1
34.5
0.0
64.7

Male
31.8
22.5
42.5

67.9
65.5
100.0
35.3

Age
14
15
16
17
18
19
Other
Total

N
4
30
16
11
3
1
1

64.4

0.0
64.9

35.1

Rural Regions

Rural Regions
Age

N

Pop Est

Female

14

0

0

0.0

15
16
17
18
19
Other
Total

4

243

49.4

97
117
0
0
0
457

100.0

1

2
0
0
0
7
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772

0.0
0.0
0.0
67.3

Male
0.0
50.6
22.8
0.0
0.0
0.0
32.7

Age
14
15
16
17
18
19
Other
Total

12.1

47.5
0.0
0.0
0.0
0.0
19.2
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HIGH SCHOOLS SAMPLE: AGE AND SEX DISTRIBUTION BY REGION
White/Caucasians

Latino/Hispanics
All Regions

All Regions
Age
14
15
16
17
18
19
Other
Total

N
16
109
122
62
30
9
3
351

Pop Est
4557
20920
18046
7435
2880
652
104
54594

Female
61.0
63.8
58.7
60.9
64.9
3.7
60.9

Male
38.9
36.2
41.2
39.1
35.1
96.2
39.1

N
3
' 33
12
2
0
1
2
53

Pop Est
287
5864
1988
361
0
352
20
8872

Female
0.0
70.9
52.2
100.0
0.0
0.0
62.7

Male
100.0
29.1
47.8
0.0
0.0
100.0
37.3

Urban Regions
Age
14
15
16
17
18
19
Other
Total

N
12

46
79
53
27
8
1
226

N
1
30
31
7
3
0
0
72

Pop Est
2442

Female
81.9
62.9
60.0
19.9
32.6
37.8
60.8

Male
18.1
37.1
40.0
80.1
67.4
62.2
39.2

Pop Est
896
7777
2158
0
0
0
353
11184

Female
50.7
88.3
65.9

Male
49.3
11.7
34.1

0.0
0.0
81.3

0.0
0.0
18.6

N
1
31
23
7
6
3
3
74

Pop Est
1514
31813
18583
459
269
136
1799
54573

Female
100.0
, 57.1
59.0
24.5
32.6
37.8

Male
0.0
42.9
41.0
75.5
67.4
62.2

56.7

43.3

N
1
28
14
2
0
0
0
45

Pop Est
33
1249

Female
100.0
53.6
72.0
0.0
0.0
0.0
0.0
56.1

Male
0.0
46.4
28.0
100.0
0.0
0.0
0.0
43.9

40839

21220
563
269
136
2153
67622

Age
14
15
16
17 18
19
Other
Total

N
3
32
8
0
0
0
1

44

0.0

0.0

Urban Regions
Pop Est
4250
14462
15408
6925
2812
301
85

44243

Female
65.0
60.7
59.2
58.9
64.8
8.1
60.3

Male
35.0
39.3
40.8
41.1
35.2
91.9
39.7

Rural Regions
Age
14
15
16
17
18
19
Other
Total

N
5
91
45
9
6
3
4
163

Fluoridated Regions

Fluoridated Regions
Age
14
15
16
17
• 18
• 19
Other
Total

Age
14
15
16
17
18
19
Other
Total

Age
14
15
16
17
18
19
Other
Total
Rural Regions

Pop Est
20
594
650
148
68
0
0
1480

DRAFT: 101181941:HP: HIGH

Female
100.0
68.6
68.9
682
71.7
0.0
0.0
69.3

Male
0.0
31.4
31.0
31.8
28.3
0.0
0.0
30.7

Age
14
15
16
17
18
19
Other
Total

479

106
0
0
0
1865
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MEAN AGE AND GENDER DISTRIBUTION OF HIGH SCHOOL SURVEY POPULATION BY REGION
ALL STUDENTS
All Regions
10th Grade
/ High Schools
Continuation High
.7
All High Schools

Sample Size
745
164
909

Population
Estimate mgariAgg
147990
4894
152885

15.92
18.03
15.99

Female
61.9
48.1
61.5

Male

Maio

0.09

female
70.6

0.09

70.6

29.4

SEM

Female
60.2
48.1
59.7

Male

Male

41.2

BM
0.11
0.19
0.11

38.1
51.9
38.5

Fluoridated Regions
10th Grade
High Schools
Continuation High
All High Schools

Population
Sample Size Ed= Maaa.Age
25132
15.67
254
0
0
15.67
25132
254

Mt

29.4

Urban Regions
Population
10th Grade
High Schools
.Continuation High
All High Schools

Sample Size
341
164
505

Estimate MeaaAge
118666
4894
123561

15.98
18.03
16.05

0.14
0.19
0.14

39.8
51.9
40.3

Rural Regions
10th Grade
High Schools
Continuation High
All High Schools

Sample Size
150
0
150

Population
Estimate
4192
0
4192

hagaaAge

SEM

15.96

0.06

Female
58.8

15.96

0.06

58.8

Cort‘-11'
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MEAN AGE AND GENDER DISTRIBUTION OF HIGH SCHOOL SURVEY POPULATION BY REGION
ASIANS
All Regions

10th Grade
High Schools
Continuation High
All High Schools

5ample Size

Population
Estimate

209

Mean Age

MA

female

Male

16484

15.88

0.11

64.5

35.5

7

49

16.65

0.08

72.5

27.5

216

16533

15.88

0.11

64.5

35.5

Mean Age

SEM

female

Male

15.55

0.11

63.2

36.8

15.55

0.11

63.2

36.8

mean Age

SEM

Female

Male

Fluoridated

lOtli Grade
High Schools
Continuation High
All High Schools

Sample Size

Population
estimate

102

2739

0

0

102

2739

Regions

Urban Regions
Population
10th Grade
High Schools
Continuation High
All High Schools

Sarnole Size

Estimate

100

13287

15.94

0.12

64.7

35.3

7

49

16.65

0.08

72.5

27.5

107

13336

15.94

0.12

64.7

35.3

Mean Age

EEM

female

Male

16.16

0.10

67.3

32.7

16.16

0.10

67.3

32.7

Rural Regions

Population
Sample Size

Estimate

High Schools

7

457

Continuation High

0

0

All High Schools

7

457

10th Grade
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MEAN AGE AND GENDER DISTRIBUTION OF HIGH SCHOOL SURVEY POPULATION BY REGION
AFRICAN AMERICANS
All Regions
Sample Size

Population
Estimate

High Schools

89

Continuation High
All High Schools

10th Grade

Mean Age

BEAti

Female

Male

12656

15.68

0.10

61.9

38.1

24

417

18.29

0.49

79.5

20.5

113

13074

15.75

0.10

62.5

37.5

milanAg2

BEM

Dim&

Male

15.77

0.25

58.1

41.9

15.77

0.25

58.1

41.9

Mean Age

BEM

Esmaha

Male

Fluoridated Regions
Sample Size

Population
Estimate

41

2161

Continuation High

0

0

All High Schools

41

2161

10th Grade
High Schools

Urban Regions
Population
Sample SiZe

Estimate

High Schools

42

10134

15.66

0.12

64.3

35.7

Continuation High

24

417

18.29

0.49

79.5

20.5

All High Schools

66

10552

15.76

0.11

64.9

35.1

sal

Urn&

Male

15.62

0.05

19.2

80.8

15.62

0.05

192

80.8

10th Grade

Rural Regions
10th Grade

Sample Size

Population
Estimate Mean Age

High Schools

6

417

Continuation High

0

0

All High Schools

6

417
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MEAN AGE AND GENDER DISTRIBUTION OF HIGH SCHOOL SURVEY POPULATION BY REGION
LATINO/HISPANICS
Ail Regions
10th Grade

Sample Size

Population
Estimate

255

High Schools
Continuation High
All High Schools

.

Mewl=

sati

Earn&

Male

51429

16.42

0.04

61.9

38.1

96

3165

17.78

0.23

45.0

55.0

351

54594

16.50

0.05

60.9

39.1

Malt=

BM

Female

Male

15.90

0.14

62.7

37.3

15.90

0.14

62.7

37.3

MelflAge

sad

Female

Male

Fluoridated Regions
Sample Size

Population
Estimate

High Schools

53

8872

Continuation High

0

0

All High Schools

53

8872

10th Grade

Urban Regions
Sample Size

Population
Estimate

High Schools

130

41077

16.54

0.05

61.4

38.5

Continuation High

96

3165

17.78

0.23

45.0

55.0

All High Schools

226

44243

16.63

0.06

60.3

39.7

Mean Age

MI

Female

Male

16.21

0.09

69.3 -

30.7

16.21

0.09

69.3

30.7

10th Grade

Rural Regions
Population
Sample Size

Estimate

High Schools

72

1480

Continuation High

0

0

AN High Schools

72

1480

10th Grade
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MEAN AGE AND GENDER DISTRIBUTION OF HIGH SCHOOL SURVEY POPULATION BY REGION
WHITE/CAUCASIANS
All Regions
Sample Size

Population
Estimate

High Schools

139

Continuation High
All High Schools

10th Grade

Mean kaa

BEti4

Female

Mal2

66400

15.60

0.09

61.1

38.9

24

1222

18.74

0.34

43.7

56.3

163

67622

15.65

0.10

60.8

39.2

Female

Male

Fluoridated Regions
Sample Size

Population
Estimate

44

11184

Continuation High

0

0

All High Schools

44

11184

10th Grade
High Schools

Mean Age
15.50

0.06

81.3

18.6

15.50

0.06

81.3

18.6

MeanAgg

SEM

Female

Male

Urban Regions
Population
Sample Size

Estimate

High Schools

50

53351

15.62

0.11

57.0

43.0

Continuation High

24

1222

18.74

0.34

43.7

56.3

All High Schools

74

54573

15.68

0.12

56.7

43.3

mitariAge

SEM

E2M5112

Male

15.78

0.12

56.1

43.9

15.78

0.12

56.1

43.9

10th Grade

Rural Regions
Samole Size

Population
Estimate

High Schools

45

1865

Continuation High

0

0

All High Schools

45

1865

10th Grade
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HIGH SCHOOLS REPORT

ETHNIC AND REGIONAL DISTRIBUTION OF HIGH SCHOOL SAMPLE
ALL HIGH SCHOOLS SAMPLE
Region
All Regions

%
Fluoridated

%
Urban

%
Rural

%

Asian

Black

Latino

White

Other

Total

216
23.8
102
40.2
107
21.2
7
4.7

113
12.4
41
16.1

351
38.6
53
20.9
226
44.7
72
48.0

163
17.9
44
17.3
74
14.6
45
30.0

66
7.3
14
5.5
32
6.3
20
13.3

909
100
254
100
505
100
150
100

White

Other

Total

139
18.7
44
17.3
50
14.7
45
30.0

53
7.1
14
5.5
19
5.6
20
13.3

745
100
254
100
341
100
150
100

66
13.1
6
4.0

REGULAR HIGH SCHOOLS SAMPLE
Region
All Regions

%
Fluoridated

%
Urban

%
Rural

%

Asian
209
28.0
102
40.2
100
29.3
7
4.7

Black
89
11.9
41
16.1
42
12.3
6
4.0

Latino
255
34.2
53
20.9
130
38.1
72
48.0

CONTINUATION HIGH SCHOOLS SAMPLE
Region
All Regions

%
Fluoridated
tYo
Urban

%
Rural

Asian

Black

Latino

White

Other

Total

7
4.3
0

24
14.6
0

96
58.5
0

24
14.6
0

13
7.9
0

164
100
0

7
4.3
0

24
14.6
0

96
58.5
0

24
14.6
0

13
7.9
0

164
100
0

%
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HIGH SCHOOLS REPORT

ETHNIC AND REGIONAL DISTRIBUTION OF HIGH SCHOOL POPULATION ESTIMATE
ALL HIGH SCHOOLS POPULATION ESTIMATE
Asian
16533
10.8
2739
• 10.9
13336
10.8
457
10.9

Region
All Regions
%

Fluoridated
%

Urban
1
1

Rural

%

Black
13074
8.5
2161
8.60
10552
8.5
361
8.6

Latino
54594
35.7
8872
35.3
44243
35.8
1480
35.3

White
67622
442
11184
44.5
54573
44.2
1865

Other
1062
0.7
176
0.7
856
0.7
29

Total
152885
100
25132
100
123561
100
4192

44.5

0.7

100

Other
1022
0.7
176
0.7
816
0.7
29
0.7

Total
147990
100
25132
100
118666
100
4192
100

REGULAR HIGH SCHOOLS POPULATION ESTIMATE
I
I

Asian
16484
11.1
2739
10.9
13287
112
457
10.9

Region
All Regions
%

Fluoridated
%

Urban
%
i

II

Rural

%

Black
12656
8.5
2161
8.60
10134
8.5
361
8.6

Latino
51429
34.7
8872
35.3
41077
34.6
1480
35.3

White
66400
44.9
11184
44.5
53351
45.0
1865
44.5

CONTINUATION HIGH SCHOOLS POPULATION ESTIMATE
Region
All Regions
%

Fluoridated

Asian
49
1.0
0

Black
417
8.5
0

Latino
3165
64.7
0

White
1222
25.0
0

Other
40
0.8
0

Total
4894
100
0

49
1.0
o

417

3165
64.7
o

1222
25.0
o

ao
0.8
o

4894
100
o

%

Urban

%

Rural

8.5
o

Note: Population estimates are rounded to whole numbers and in some cases additions in some categories are
oft by a number of one.
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ORAL HEALTH STATUS

ORALHEALTH STATUS: 1: UNTREATED DENTAL CARIES

jndicatot

Percentage of students with
number of decayed teeth

puroose

These data on untreated tooth decay for 10th grade students supplement those found in Part
1 of this report relating to students aged 15 years. Programs are often implemented by grade
level and these data Indicate the degree of access to, and utilization of, dental treatment
services as evidenced by untreated dental caries.

Data Source

Examination Survey

We=

Each student was screened by a trained dentist.

Results

Of all high school students in grade 10, 54% have some untreated tooth decay (1+ decayed
permanent teeth: DT); conversely, 46% have no evidence of untreated tooth decay (zero DT).
There is a wide range of the percentage of students in 10th grade affected by untreated tooth
decay for groups identified by ethnicity and region. Latino students in Urban areas had Me
highest percentage (76.6%) of untreated tooth decay (1+ DT). White students In Rural areas
were the group with the lowest proportion (26.3%) of untreated tooth decay (1+ DT).
On average, there are 1.86 untreated decayed permanent teeth per student in grade 10.
Among the subgroups there is a wide range of the mean number of untreated decayed primary
teeth. Latino students In Urban areas had the highest mean number of untreated decayed
teeth (3.36 DT). Black and White students in Fluoridated areas had the lowest mean number of
untreated decayed teeth (0.71 DT).

1+

decayed permanent teeth (DT), and distribution and mean

Further analysis of the untreated dental caries data of students by region and ethnicity shows
that White students have a lower prevalence of untreated dental caries, and all ethnic groups
in the fluoridated regions have less untreated dental decay than in the non-fluoridated urban
regions.

Conclusion An appropriate objective of no more than 25% of any group of students with any untreated
decay is recommended (the same as for Latino adolescents aged 15 years as set in Healthy
People 2000).
Access to. and utilization of, dental treatment services needs to be improved for target groups
most in need.
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ORAL HEALTH STATUS

!REGULAR HIGH SCHOOLS'

UNTREATED DENTAL CARIES (DT)
Number of teeth affected

I• Fluoridated I Urban
4
Mean number 3
of teeth 2
per student

• Rural

0 All

330

a
0

1"

2.06

2.03

ton

118

1.14
0.71

las

1.118

016

•8I

Asian
Black
Latino
White
I.D.: Insufficient Data for Asians and Blacks in Rural Areas

All

Mean number of permanent teeth (DTI with untreated decay per student;
by ethnicity and region

Fluoridated
Urban
Rural
An Regions

Asian
1.07
1.83

Black
0.71
2.03

1.68

1.85

Latino
127
3.36
2.85
2.98

White
0.71
1.14
0.81
1.06

All
0.95
2.05
1.80
1.86

UNTREATED DENTAL CARIES (DT)
Distribution by number of teeth affected
I• Regular High Schools
50
40.
per 30.
cent 20
10
0

468

46.8

83 Continuation High

48a
411

• All High Schools

I

41.7
WI

8.4

8.8

•.1

4.3
0.4

None

1 to 4

9+

5 to 8

Distribution PM of Students with 0. 1-4. 5-8. 9+ decayed permanent teeth (DTI
All Students

Regular High Schools
Continuation High
All High Schools

DRAFT: 10/18/94:HP: HIGH

Mean DI

Mean D$

QM

1-4 DT

5-8 DT

1.86
1.93
1.86

2.12
2.29
2.13

45.8
38.9
45.6

41.6
46.6
41.7

8.4
14.1
8.6

.1:ff
4.3
0.4
4.1
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ORAL HEALTH STATUS

ALL REGIONS:
REGULAR HIGH
SCHOOLS

UNTREATED DENTAL CARIES (DT)
Distribution by number of teeth affected
&Mona 111 to 4 • 5 to 8 CI 9+

60
per ao
cent 20

669

663
46.6

46.8

7

369
31.1

41.6

27.7
162

15

10.1

64

6.6
2.6

0.6

03

4 .3

0
White
All
Latino
Black
Asian
Mean number per student of decayed permanent teeth (DT): and
distribution (%) of students wfth 0. 1-4. 5-8. 9+ decayed permanent teeth
ALL REGIONS
All Children
Regular High Schools
Continuation High
Al! High Schools

5=13.112D

Elan

41.6
46.6
41.7

8.4
14.1
8.6

4.3
0.4
4.1

1 _4112D

La=

Elan

31.1
31.1

10.8
10.8

2.8
2.8

ODD

IALQD

LEM

Ein

35.9

48.8

15.0

0.3

0112D

1.86
1.93
1.86

45.8
38.9
45.6

Mean
Regular High Schools
Continuation High
All High Schools

lAion

Mean (DT

=

1.68
1.68

Asian

4112.11
55.3
55.3

African American
Regular High Schools
Continuation High

All High Schools

Mean (DI)
1.85
1.86

Mean
Regular High Schools
Continuation High
Al! High Schools

-

-

=

2.98
1.97
2.92

36.1

48.3

15.3

0.4

IAIDD

5:81121)

E112.13

49.7
46.1
49.5 •

16.2
13.9
16.0

6.5
0.0
6.1

1-4(121)
36.7
37.0

_8Al211

E112D

0.6
0.8

3.8

Latino
4112D
27.7
40.0
28.4
White

Regular High Schools
Continuation High
All High Schools
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Mean (D1)
1.06
1.07

/QM
58.9
58.5

3.7
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FLUORIDATED URBAN
REGIONS:
REGULAR HIGH SCHOOLS

UNTREATED DENTAL CARIES (DT)
Distribution by number of teeth affected
IIINone •1to4 • 5 to8 09+ I

White
All
Latino
Black
Asian
Mean number per student of decayed Permanent teeth (DT): and
distribution (%) of students with 0. 1-4. 5-8. 9+ decayed permanent teeth

FLUORIDATED URBAN REGIONS
All Children
Regular High Schools
Continuation High
All High Schools

Mean112D

0.95
0.95

102D

57.0
57.0

1_402D

40.5
40.5

5:411211

1,12D

2.5

0.0

2.5

0.0

Asian
Regular High Schools
Continuation High
All High Schools

Muni:ELI/

1.07
1.07

4_02D

56.8
56.8

1_4112D

39.0
39.0

5:1111211

3.9
3.9

i',12D

0.2

0.2

African American
Regular High Schools
Continuation High
All High Schools

fdraall2D

0.71
0.71

0_02D

66.1
66.1

1-4 (DT)
33.0

a:LIAM

...112D

33.0

0.8

0.0

1_4.02D

52EID_D

0.8

0.0

Latino
Mean (DT

Regular High Schools
Continuation High
All High Schools

1.27
1.27

4_02D

46.7
46.7

48.9
48.9

4.4

(DT)
0.0

•
4.4

0.0

0.9

0.0

0.9

0.0

White
Regular High Schools
Continuation High
All High Schools
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hima.02D

0.71
0.71

ICU

63.5
63.5

4D

35.6
35.6

_02.13
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ORAL HEALTH STATUS

NON FLUORIDATED
REGIONS:
REGULAR HIGH SCHOOLS

UNTREATED DENTAL CARIES (DT)
Distribution by number of teeth affected
I111

60

663

None

•1

to 4 • 5 to 8 13 9+ I
574

632

602
43-1

per 40
cent 20

422

a.

26.7

23.4
17.6

111.6

12-6

;

a

SA

9A
OA 4.7

0

6.2

0
Black
White
All
Latino
Asian
Mean number per student of decayed oermanent teeth MT): and
d 1 str 1 b ut lo n 1%1 of students with 0. 1-4. 5-8. 9+ decayed permanent teeth

NON FLUORIDATED URBAN REGIONS
All Children
Regular High Schools
Continuation High
All High Schools

Meanilln

1111211

1-4 (Dl)

2.05
1.93
2.05

43.1
38.9
42.9

42.2
46.6
42.4

5-8 (DT)
9.5

..in
5.2

14.1

0.4

9.7

5.0

5-8 un
12.6
12.6

_am

Asian
Regular High Schools
Continuation High
All High Schools

Mean (DT

12112D

1.4 (DT

1.83
1.83

55.3
55.3

28.7
28.7

3.4
3.4

African American
Regular High Schools
Continuation High
All High Schools

Meatifill)
2.03
2.04

SIAM
28.6
29.1

.iin)

5:13.11211

9+_(1)D

17.5
17.7

0.0

1A11233
50.2
46.1
49.9

5-8 (Dl)

18.5
13.9
18.2

9+ (DT)
8.0
0.0
7.4

.in

Lean

+112.13
9

53.9
53.0

0.1

Latino
Regular High Schools
Continuation High
All High Schools

Mean (DT)
3.36
1.97
3.26

il/o)
23.4
40.0
24.6

White
Regular High Schools
Continuation High
All High Schools
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Mew=

ODD

1.14
1.16

57.4
.
57.0

37.5
37.8

0.5
0.7

4.7
4.6
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RURAL REGIONS:
REGULAR HIGH SCHOOLS

UNTREATED DENTAL CARIES (DT)
Distribution by number of teeth effected
iliNone •1to4 • 5to8 09+ I

801
60
per
40
cent
20
0

73.7

Insufficient Data

Black
White
Asian
Latino
All
Mean number oer student of decayed permanent teeth (DT): and
distribution (961 of students with 0. 1-4. 5-8. 9+ decayed permanent teeth
RURAL REGIONS
All Children

Mean (DTI
1.80
1.80

Regular High Schools
Continuation High
All High Schools

tam=

14.112D

5&11113

_101)

1-4 (PT

5=81QM

_112D

lAILM

5-8 UM

_II2D

14.11M

-8(D1)

_.IDD

30.6
30.6

54.3

12.6
12.6

2.4
2.4

UM

African American

(fewer than 25 individuals in sample)
Regular High Schools
Continuation High
All High Schools

54.3

Asian

(fewer than 25 individuals in sample)
Regular High Schools
Continuation High
All High Schools

0112D

MaaniQD

0112D

Latino
Regular High Schools
Continuation High
All High Schools

MezaIDD

01QD

2.85

31.3

2.85

31.3

40.5
40.5

24.0
24.0

4.3
4.3

White
Regular High Schools
Continuation High
All High Schools

DRAFT: 10118/94MP: HIGH

Mffla.02.1)
0.81
0.81

QM')
73.7
73.7

1_4112D
22.8
22.8

5z8i12D
3.5
3.5

(D3)

0.0

0.0
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ORAL HEALTH STATUS: 2: TREATED AND UNTREATED DENTAL CARIES
Jndicator

Percentage of students with 1+ decayed, missing (extracted due to caries), or filled permanent
teeth (1+ DMFT) and distribution and mean number of such teeth and tooth surfaces

Purpose

To describe overall canes prevalence and Indicate the degree of need for preventive
programs.

Data Source

Examination Survey

hilitOd6

Each studentwas screened by a trained dentist

Results Of all regular high school students in grade 10, 78.2% have had some tooth decay (1+
decayed, missing, or filled permanent teeth: DMFT); conversely, 21.8% have no evidence of
having had tooth decay (zero DMFT).
There is a wide range of the percentage of regular high school students in grade 10 affected by
treated and untreated tooth decay, for groups identified by ethnicity and region. Latino
students in Non Fluoridated Urban areas had the highest proportion (89.8%) of untreated or
treated tooth decay (1+ DMFT). Black students in Fluoridated Urban areas were the group with
the lowest proportion (58.1%) of untreated or treated tooth decay (1+ DMFT).
On average, there are 3.98 decayed, missing, or filled permanent teeth (DMFT) per regular high
school student in grade 10.
Among the subgroups there is a wide range of the mean number of untreated and treated tooth
decay . Latino students in Non Fluoridated Urban areas had the highest mean number of
untreated or treated tooth decay (5.78 DMFT). White students in Fluoridated Urban areas were
the group with the lowest mean number of untreated or treated decayed teeth (2.30 DMFT).
Further analysis of these dental caries data of students by region and ethnicity shows that
those in the fluoridated regions have less dental decay (mean 2.75 DMFT in fluoridated regions
compared to 3.98 for all regions combined), and White and Black children have a lower
prevalence of dental caries than Asian and Latino children (Whites: mean 2.80 DMFT; Blacks:
mean 3.28; Latinos: mean 525; Asians: mean 5.40).
Conclusion Strategies need to be developed to achieve the Healthy People 2000 Objective of reducing
dental caries so that the percentage of adolescents aged 15 with one or more carious lesions
is no more than 60%. Asian and Latino students must be considered target groups for reducing
the percentage of students with treated and untreated tooth decay.
Access to water fluoridation and other primary preventive dental services must be improved
for target groups most in need.

DRAFT: 10118/94:HP: HIGH

22

HIGH SCHOOLS REPORT

ORAL HEALTH STATUS

REGULAR HIGH TREATED AND UNTREATED DENTAL CARIES (DMFT)
Mean number of teeth affected
SCHOOLS
I• Fluoridated II Urban
Mean 6
number 4
of teeth
per 2
Student o

6.71

• Rural
6.73

5"

431

4.1

322

329

2141

626

424 275 3313

29

2.9

,•0411.4

Asian

Black

M Regionsi

292 zip, 2.6

Latino

2/5

White

All

Mean Number of Decayed. Missing. and Filled Permanent Teeth
per High School Student By Ethnicity and Region: REGULAR HIGH SCHOOLS
Asian
4.10
5.71
5.40

Fluoridated
Urban
Rural
All Regions

Black
2.58
3.39

Latino
2.90
5.78
4.81
5.25

3.28

White
2.30
2.92
2.67
2.80

All
2.75
4.24
3.75
3.98

Mean Number of Decayed, Missing, and Filled Permanent Teeth
Per High School Student By Ethnicity and Region; ALL HIGH SCHOOLS
Asian
4.10
5.70
5.40

Fluoridated
Urban
Rural
All Regions

Black
2.58
3.41

Latino
2.90
5.75
4.81
525

3.30

White
2.30
2.95
2.67
2.84

All
2.75
4.28
3.75
4.01

Mean Number of Decayed, Missing, and Filled Permanent Teeth
Per High School Student By Ethnicity and Region; CONTINUATION HIGH SCHOOLS
Asian

Black

Latino

Fluoridated
Urban
Rural
All Regions

HIGH SCHOOLS
10th Grade
ALL REGIONS

5.39

5.14

5.39

5.14

TREATED AND UNTREATED CARIES (DMFT)
Distribution by mean number of teeth affected

I• Regular High Schools • Continuation High
40
30
per
20
cent
10
0

All

White

• All High Schools

I

36.8 38.13 392
202

225

213

1114
123

12.6

'

None

1 t04
5 to 8
Distribution Oil of students in 10th grade
11
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All Regions
ILLIMEE

1-4 DMFT

5-8 DMFT

9.4- DMFT

12.5
18.4
12.7

Regular High Schools

21.8

36.6

26.3

Continuation High

12.5
22.5

36.6

32.4

38.2

26.5

All High Schools

Mean number (and standard error of the mean) of Decayed, Missing, or Filled permanent
teeth (DMFT) and percentage of DMFT by components D, M, F
All Regions
meaaDMEC

SEM

cyou DMFT

°AM/ DMFT

%F/ DMFT

3.98
5.14

0.47

46.7

0.44

37.5

4.01

0.43

46.4

1.6
1.0
1.6

51.6
61.5
52.0

Regular High Schools
Continuation High
All High Schools

REGULAR HIGH
SCHOOLS

CARIES FREE (Zero DMFT)
III

50

0 All Regions'

• Rural

Fluoridated • Urban

419

40

cent 20
10
0

321. 302
2153 307

VA

per 30

23.8

27.8

21.3

22.3

16.7

ID

Asians

MP

13.6

tO

LD

25.6
2

179

18.7

•

•., ••••••n

Whites

Latinos

Blacks

All

ID.: Insufficient Data for Asians and Macke in Rural Areas
•1 I

•

1•1

•

1•

I

• '

.

•

•

or filled permanent teeth (Zero DMFT)

Asians
Blacks
Latinos
Whites
All
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Fluoridated
15.7
41.9
27.4
28.3
27.6

Urban

Rural

23.8

16.7
10.2
30.7
21.8

All Regions
22.3
21.3

13.5

17.6
32.5

30.3

25.5

22.9
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REGULAR HIGH

TREATED AND UNTREATED CARIES (DMFT)
Distribution by mean number of teeth affected

SCHOOLS
10th Grade
ALL REGIONS

50
40
per 30
cent 20
10
0

I•None 511 to4 • 5to8 C19+
49.7

392

33.5

392
303

272

2z3 29.1

213.21

-••
-:F

316

293

229

12.2

72

Blacks

Asians

242

Whites

Latinos

Distribution (%1 of students in 10th grade in regular high schools
with 0. 1-4. 5-8. 9+ decayed. extracted. or filled permanent teeth (D•FT1
All Regions
1-4 DMFT
25.1
49.7
38.8
39.0
38.3

0 DMFT
22.3
21.3 •
13.5
30.3
22.9

Asians
Blacks
Latinos
Whites
All

REGULAR HIGH

5-8 DMFT
33.5
21.8
27.2
24.8
26.3

7.2
20.5
5.9
12.5

TREATED AND UNTREATED CARIES (DMFT)
Distribution by mean number of teeth affected

SCHOOLS
10th Grade
FLUORIDATED
URBAN REGIONS

l•None •1to4 •5to8 09+

60

623
41S 403

41.7

462

40.0

per 40
cent 20

9+DMFT
19.1

332

27A

292

Z7 .11
17.7

199

152

232

10
12

02 •

0
Asians

Blacks

Latinos

1.7

2.7

•

Whites

Distribution 1%) of students in 10th grade in reoular high school*.
with 0. 1-4. 5-8. 9+ decayed. extracted. or filled oermanent teeth (DMFT_1
Fluoridated Urban Regions
Asians
Blacks
Latinos
Whites
All
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ODMFT
15.7
41.9
27.4
28.3
27.6

1-4 DMFT
41.7
40.3
40.6
52.3
45.9

5-8 DMFT
32.5
16.9
30.2
17.7
23.8

9+ DMFT
10.0
0.8
1.9
1.7
2.7
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REGULAR HIGH
SCHOOLS
10th Grade
NON- FLUORIDATED
URBAN REGIONS

ORAL HEALTH STATUS

TREATED AND UNTREATED CARIES (DMFT)
Distribution by mean number of teeth affected
1•None 0 1 to 4 II 5 to 8 09+

I

60per 4o.
cent 200
Asians
Distribution (%) of students in 10th grade in regular high schools
with 0. 1-4. 5-8. 9+ decayed. extracted. or filled permanent teeth (DMFT1

Non Fluoridated Urban Regions
0 DMFT
23.8
16.7
10.2
30.7
21.8

Asians
Blacks
Latinos
Whites
All

REGULAR HIGH
SCHOOLS
10th Grade
RURAL REGIONS
5040per 30cent 20100

1-4 DMFT
21.4
52.4
"
38.5
35.9
36.6

5-8 DMFT
33.9
22.5
26.4
26.6
27.0

9+ DMFT
20.9
8.5
24.8
6.8
14.7

TREATED AND UNTREATED CARIES (DMFT)
Distribution by mean number of teeth affected
II0None

1 to 4 111 5 to 8 09+
4a8

Insufficient Data
1

Whites
All
Asians
Blacks
Latinos
Distribution PM of students in 10th grade in regular high schools
with 0. 1-4. 5-8. 9+ decayed. extracted. or filled permanent teeth (DMFT1

Rural Regions
Asians
Blacks
Latinos
Whites
All
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0 DMFT

1-4 DMFT

5-8 DMFT

9+ DMFT

17.6
32.5
25.5

36.2
46.6
40.0

29.2
15.3
22.9

17.0
5.6
11.6
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Mean number (and standard error of the meanl of decayed. missing. or filled permanent
teeth (DMFT) and oercentage of DMFT by comoonents D. M. F: by region and ethnicity
REGULAR HIGH SCHOOLS
All Students
. Fluoridated
Urban
Rural
All

mean DMFT
2.75
4.24
3.75
3.98

SEM
0.43
0.57
0.35
0.47

%D/DMFT
34.4
48.4
48.0
46.7

O/1/ DMFT
1.5
1.6
2.9
1.6

0/0F/ DM FT
64.1
50.0
49.1
51.6

%M/DMFT
2.1
2.1
2.4

%F/ DMFT
72.0
65.8
66.5

%M/ DMFT
2.0
1.1

010F/ DMFT
70.4
39.0
42.3

Asians
Fluoridated
Urban
Rural
All

mean DMFT
4.10
5.71
5.40

SEM
1.03
0.73
0.63

%D/DMFT
26.0
32.1
31.1
Blacks

Fluoridated
Urban
Rural
All

mean DMFT
2.58
3.39
3.28

SEM
0.24
0.39
0.32

O/
fl
27.6
59.9
56.5

1.2

Latinos
Fluoridated
Urban
Rural
All

mean DMFT
2.90
5.78
4.81
5.25

SEM
0.27
0.36
0.49
0.29

%WDMFT
1.7
2.5
2.1
2.4

cYcF/ DMFT

%0/ DMFT
30.9
39.3

0/0M/ DMFT
0.8
0.2

WoF/ DMFT

0,40/ DMFT
43.9
58.1
59.3
56.8

54.4
39.3
38.6
40.8

Whites
Fluoridated
Urban
Rural
All
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mean DMFr
2.30
2.92

SEM
0.35
0.70

2.67

0.52

30.3

0.0

69.7

2.80

0.56

37.9

0.3

61.9

68.4
60.6
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TOOTH SURFACE DATA
Distribution Mit of Students with 0. 1-4. 5-8. 9+ Decayed. Missing. or Filled permanent
tooth surfaces (DMFS1
5-8 DMFS

14 DMFS

SLIZES
23.8
12.5
23.4

9+ DMFS

26.3
19.9
Regular High Schools ,
30.0
Continuation High
13.4
44.5
29.6
All High Schools
19.7
26.9
30.0
range for DMFS: 0-128
Note: Slight differences between percentage of students with zero DMFT and zero DMFS due to a few
inconsistencies in data recording.

y

Mean number (and standard error of the mean) of Decayed. Missing. or Filled permanent
tooth surfaces (DMFS) and percentage of DMFS by components D. M. F
mean DMFS
Regular High Schools
Continuation High
All High Schools '
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6.14
8.30
6.21

MI
0.85
0.76
0.83

%D/DMFS

MIL LIMES

%F/ DMFS

40.8
33.7
40.5

5.3
3.0
5.2

53.9
63.3
54.3
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These data supplement those found in Part 1 on Dental Caries for 15-year-old students
Percentage of students, aged 15, with one or more carious lesions
In permanent teeth; by parent education status and region
All Students

% students with 1+ DMFT
parent Education Status
Fluoridated
Urban
Rural
All

las than
hitlh word

high IOW
grad

van* =kW
or adage grad

96.8
87.1
88.7

712
85.3

55.4
59.0
57.0
58.2

81.7

% students with 1+01
Parent Education Status
All
69.3
71.7
70.9
71.2

less than
high whoa

highs:MI
grad

awns collage
or °oleos and

64.0
68.7

61.3
56.2

66.8

49.1

21.9
35.3
36.7
32.7

All
33.5
48.3
37.3
44.8

Asians

% students with 1+01
parent Education Status

% students with 1+ DMFT
Parent Education Status
Ian than
halh ached

Fluoridated
Urban
Rural
All

high Wald
Wad

sant adage

All
88.0
80.9

We than
Itch aatool

83.0

81.6

31.7

a wimp aid

76.8

tph atm!
grad

acme allege
or cams grad

All
36.4
50.4

55.0

48.4

African Americans

% students with 1+ DMFT
Parent Education Status
ham Own
high whoa

Fluoridated
Urban
Rural
All

high scnod
grad

93.0

Kane adage
or wawa grad

79.6

biliggfilia.211ULLQI
parent Education Status
All
70.7
90.7

lam than
high ladxol

WI West
gad

73.3

86.0

'°''

or =gage

'°
grad

57.6

All
32.3
75.2
64.9

Latino/Hispanics

% students with 1+ DT
parent Education Status

% students with 1+ DMFT
parent Education Status
Ian then
IMO seraxil

Fluoridated
Urban
Rural
All

lap achcal
grad

urns adage
or cokes grad

87.6
89.3

All
67.2
86.5
88.3
81.0

Ian than
high school

ligh school
end

saw canape
COMQ• Wad

71.4
•

72.4

•

All
48.7
73.2
62.6
65.8

White/Caucasian

% students with 1+ DMFT
parent Education Status
lass then
hgas Wad

Fluoridated
Urban
Rural
All
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high senor
grad

sane colage
ra mama Wad

84.7

47.9

% students with 1+01
parent Education Status
All
66.3
602
63.0
61.4

Ian art

PU acecoi

WI NOW
cans

452

men* coma*
or =deo and

19.8

All
21.4
32.7
20.1
302
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ORAL HEALTH STATUS:

3:

TREATMENT URGENCY

indicator

Percentage of students needing dental treatment according to urgency of need
No needs:
No treatment needed according to this examination.
Non-urgent needs:
Treatment needed, but not urgent includes restorations (fillings)
and sealants.
Urgent needs:
Treatment of an urgent nature needed, due to extensive decay in
one or more teeth, or pain or infection.

Purpose

To assess the degree of urgency for dental treatment.

Data Source

Examination Survey

Methods

Each student was screened by a trained dentist.

Results

Of all regular high school students in grade 10, 53.7% are in need of dental treatment 32.9%
have non-urgent treatment needs, and 20.8% are in urgent need of dental treatment
There is a wide range of the percentage of students in urgent need of dental treatment for
groups identified by ethnicity and region. Latino students in Non Fluoridated Urban areas had
the highest proportion (36.5%) of urgent dental treatment needs. White students in Fluoridated
Urban regions were the group with the lowest proportion (2.5%) of urgent needs.

Conclusion A specific objective for this oral health status indicator is needed with an action plan to meet
this objective targeted to subgroups most in need. An appropriate objective of no more than
10% of any group of children with urgent treatment needs is recommended.

REGULAR HIGH
SCHOOLS

URGENT TREATMENT NEEDS
• Fluoridated • Urban

40
30per
20cent
10-

All

• Rural
36.5
30.5

192

15.6

187

2.7

I.D.

Asian
ID.:

2411

222

14.7
3A

2Da

18

56

2.5

ID

15
3.8

3.5

African-American Latino/Hispanic White/Caucasian

Insufficient Data tor Mane and &aces 11

All

Rua, Arose

1

I •

1••

•

II

Dv Ethnicity and Region
Asian
Fluoridated
Urban
Rural
All
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2.7
192

African-American
3.4
22.2

Latino/H ispanic

White/Caucasian

All

5.8
36.5

2.5
18.0
3.5
15.0

3.8
24.8
10.8

14.7

16.7

18.6

30.5

20.8
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DENTAL TREATMENT NEEDS: REGULAR HIGH SCHOOLS
I
• No Needs El Non urgent • Urgent I

100% —
80% —
60% —
40% —
20% —
0%
Asian

African-American Latino/Hispanic White/Caucasian

All

Distribution (%) of 10th grade students in regular high schools
with no needs. non-urgent needs. and urgent needs: by ethnicity

All Students; All Regions

School

Treatment Urgency (Percent)
No Needs

Non-Urgent Needs

Urgent Needs

High Schools

46.3

32.9

20.8

Continuation High

37.2

46.4

16.4

All High Schools

46.0

33.3

20.7

C.
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Treatment urgency
Distribution ( 0/0) of students with no needs, non-urgent needs, and urgent needs;
by ethnicity, region, and type of high school
All

Students
High Schools
No Needs

Fluoridated
Urban
Rural
All

Continuation High Schools

Non-UmMt
Nee&

Urgent
Needs

31.8

3.8
24.8
10.8
20.8

64.4
42.4
47.1

32.8
42.2
32.9

46.3

No Needs

Nn- , rd
Ne&

Urgent
Needs

37.2

46.4

16.4

37.2

46.4

16.4

All High Schools
No Needs

64.4
422
47.1
46.0

Nee

Needs

31.8
33.3
42.2
33.3

3.8
24.5
10.8
20.7

Asians

High Schools
No Needs

Fluoridated
Urban
Rural
All

Non-Urger1
Needs

Urgent
Needs

34.2
28.5
29.9

63.1
52.3
53.4

All High Schools

Continuation High Schools
Non- Urgent
Needs

No Needs

Non-Urgent
Needs

Urgent
Needs

2.7
19.2

63.1
52.2

34.2
28.5

2.7
19.3

16.7

53.2

30.0

16.8

No Needs

Urgent
Needs

African Americans

High Schools
No Needs

Fluoridated
Urban
Rural
. All

78.7
39.8
46.5

ll=

Urgent
Needs

Ne

18.0
38.0
34.9

All High Schools

Continuation High Schools
No Needs

Non-Urgent
Needs

Urgent
Needs

3.4
22.2

No Needs

78.7
39.6
46.1

18.6

N eUerrni

Urgent
Needs

18.0
38.1
35.1

3.4
22.3
18.8

Latino/Hispanics

High Schools
Fluoridated
Urban
Rural
All

All High Schools

Continuation High Schools

No Needs

Non-Urgent
Needs

Urgent
Needs

41.3
20.2
38.3
24.4

52.9
43.4
47.0
45.1

5.8
36.5
14.7
30.5

No Needs

Needs

Urgent
Needs

41.8

44.4

13.8

41.8

4.4.4

13.8

No Needs

41.3
21.7
38.3
25.4

Urgent
Needs
err nt
Needs

52.9
43.4
47.0
45.1

5.8
34.9
14.7
29.5

White/Caucasians

High Schools
Fluoridated
Urban
Rural
All

No Needs

Needs

Urgent
Needs

80.0
57.1
60.9
61.1

17.4
24.9
35.6
23.9

2.5
18.0
3.5
15.0
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All High Schools

Continuation High Schools
No Needs

Non-Urgent
Needs

Urgent
Needs

No Needs

Non-Urgent
Needs

Urgent
Needs

80.0
56.5
60.9
60.5

17.4
25.4
35.6
24.4

2.5
18.1
3.5
15.1
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ORAL HEALTH STATUS: 4: ORAL INJURIES

Indicator

Percentage of students with evidence of a previous oral injury

Purpose

To assess the prevalence of oral injuries and indicate the need for prevention and treatment

Data Source

Examination Survey and accompanying questionnaire

Melia=

Students gave the reason for their last dental visit, and they were screened by a trained
dentist.

Results

Injury accounted for 1.9% of responses for the reason for the last dental visit for all 10th grade
students in high school.
According to the dental examination findings, 3.3% of all 10th grade students had a
traumatized incisor tooth, with a mean for all students of 4.4 incisors per 100 students (mean
number of traumatized incisors per student affected of 1.34 teeth).

Conclusion

A specific objective for this oral health status Indicator is needed with an action plan to meet
this objective.
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ORAL HEALTH STATUS: 5: FLUOROSIS
Indicator

Percentage of students with enamel fluorosis

Purpose
Data Source

To assess the extent of over-ingestion of fluoride 9-15 years ago, during the first 6 years of life
of students who are aged 15 years at the time of examination.
Examination Survey

Methods

Students were screened by a trained dentist, using Dean's Index of fluorosis..

Rau=

Of all high school students in grade 10, 14.4% had evidence of fluorosis; 6.8% very mild, 4.7%
mild, 2.5% moderate, and 0.4% severe. The percentage of students with fluorosis in
fluoridated urban areas was 9.0% compared to 15.6% in non-fluoridated urban areas, and
7.9% in rural areas.
For lifetime residents only, 88.6% had no or questionable fluorosis, 8.0% had very mild 3.2%
had mild, and 0.3% had moderate fluorosis. There were no California lifetime residents with
severe fluorosis.
Of all regular high school students in grade 10, 85.4% had no or questionable evidence of
fluorosis. A low percentage of students in non-fluoridated urban (3.0%) and rural (5.7%) areas
were considered to have questionable fiuorosis, whereas a high percentage in fluoridated
urban areas (44.60/0) had questionable fluorosis.
The Community Fluorosis Index for all high school students in grade 10 is 0.30 (0.33 in
Fluoridated Urban areas, 0.30 in Non-Fluoridated areas, and 0.13 in Rural areas).
Recommendation
A specific objective for this oral health status indicator is needed with an action plan to
meet this objective.
Further analysis of the fluorosis data is needed to determine the prevalence of fluorosis
for lifetime residents rather than all students. Only 42.0% of these students are lifetime
residents with another 14.8% having lived all their life except for up to 2 years in the same
city or town; 43.3% indicated they had lived for more than 2 years in another location.
Furthermore, 40.7% were foreign born and 10.7% were born in another state.

FLUOROSIS (DEAN'S INDEX)
All 10th grade students in regular high schools
100-

13 All Regions

• Rural

III Fluoridated • Urban

80per 60cent 4020

44.6

3 6.7 102

7.6 6.9 6 6.9

14

6.9 1

nnn

0
None (0)

Questionable (0.5) Very Mad (1)

0,1

4.7

3.1 0.5 2.5

0 0.6 0 OA

ann••

Moderate (9)

Mild (2)

Severe (4)

pistribution (%) of Fluorosis Scouts: 10th grade students
Fluorosis

Normal

Regular High Schools
Continuation High
All High Schools

tignallD
75.2

Quollanable.115)
102

74.5
75.2

10.4

19.3

Very Mi ld (1 )

Mid (7)

Moderate (31

BErcome.1.4.1

6.9
2.6
6.8

4.7
3.1
4.7

2.5
0.5
2.5

0.4
0.0
0.4

California Lifetime Residents; All Regions
Normal
All High Schools
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FluorosiS

None (0)

Questionable (0 51

Vera Mild 1)

Mild (7)

Moderate (91

agyercal

77.8

10.8

8.0

3.2

0.3

0.0
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of Fluorosis Scores: by ethnicity. region, and school type

(Key: 0- none; 0.5 - Questionable; 1 - Very Mild; 2 - Mild; 3 - Moderate; 4 - Severe)
All Students
High Schools

Continuation High Schools

0

0.5

1

2

3

4

Fluoridated

48.9

44.6

Urban

81.0

9.0
5.7
102

0.1
3.1
0.5
2.5

0.0
0.5
0.0

19.9

2.8

9.1

0.5

88.4

1.4
5.6
1.4
4.7

74.6

Rural
All Regions

7.5
6.9
6.0
6.9

0.4

74.6

19.9

2.6

9.1

0.5

752

0

0.5

1

2

3

All High Schools

4

0

42.3
0.0 80.8
86.4
0.0 75.2

0.5
44.8
9.6
5.7
10.4

1

2

3

4

7.5
6.7
6.0
6.8

1.4
5.5
1.4
4.7

0.1
9.0
0.5
2.5

0.0
0.4

0.0
0.4

Asians
High Schools
Fluoridated
Urban
Rural
All Regions

Continuation High Schools
4

0

0.5

1

2

3

622

91.7
0.3

3.0
9.5

1.5
9.5

1.20.4
1.0
0.4

85.3

0

0.5

79.7

12.6

1
13.8

2
0.0

All High Schools

3

410

0.0

0.0

82.2
85.3

0.5

1

2

3

4

91.7
0.4

3.0
3.5

1.5
9.5

1.2
0.4

0.4

-

•

3.3

7.9

0.5

0.9

.
81.9

5.5

3.9

7.9

0.5

0.9

73.7

12.6

13.8

0.0

0.0

0.0

81.8

5.5

1.0

African Americans
High Schools
0 0.5
Fluoridated 6o.o 16.3
71.6
6.1
Urban
Rural
All Regions 70.4 7.7

Continuation High Schools

2

3

4

14.4

7.0
7.9

0.0
0.0

0.0
0.0

80.6

11.8

0.0

7.6

0.0

14.4

7.5

0.0

0.0

80.6

11.8

0.0

7.6

0.0

1
16.7

0

0.5

1

2

3

4

All High Schools
0

0.5

1

2

3

4

0.0

60.0
71.9

16.3
6.4

16.7
13.9

7.0
7.8

0.0
0.0

0.0
0.0

0.0

70.7

7.8

14.0

7.5

0.0

0.0

-

Latino/ Hispanic
High Schools
Fluoridated
Urban
Rural
All Regions

Continuation High Schools

0

0.5

1

2

3

4

48.6
81.9
83.8
75.7

46.7
4.1
8.3
11.7

6.8
7.4
2.8
7.0

0.9
4.1

0.0
1.5

0.0
1.0

4.0

1.4

0.0

3.6

1.2

0.8

0

0.5

1

2

3

4

74.2

17.9

9.5

9.6

0.8

0.0

742

17.9

9.5

9.6

0.8

0.0

All High Schools
0

0.5

1

2

3

4

46.6
81.3
83.8
75.7

46.7
5.1
8.3
12.1

5.8
7.1
2.8
6.8

0.9
4.1
4.0
3.5

0.0

0.0
0.9
0.0
0.7

1.4

1.4
1.2

Whites/ Caucasians
High Schools
Fluoridated
Urban
Rural
All Regions

0

0.5

99.9

51.8
2.0
6.0
10.6

812

82.8
74.2
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Continuation High Schools

1
8.1

2
0.8

3
0.0

4
0.0

0

6.9
11.2
6.4

6.2
0.0
4.3

6.7
0.0

0.0
0.0
0.0

73.9

26.1

0.0

0.0

0.0

0:0

73.9

26.1

0.0

0.0

0.0

0.0

4.6

0.5

1

2

3

4

All _Oh Schools
0

0.5

1

39.3
81.0
82.8
74.2

51.8
2.5
6.0
10.7

8.1
5.8
11.2
6.3

2

3

4

0.8
5.1
0.0
4.3

0.0
5.6
0.0
4.5

0.0
0.0
0.0
0.0

35

ORAL HEALTH STATUS

HIGH SCHOOLS REPORT

Distribution of Community Fluorosis Index: by ethnicity and region
Community Fluorosis Index (Mean CFI): Sum of all fluorosis scores / Number of Students
All Students
High Schools
Fluoridated
Urban
Rural
All Regions

Continuation High Schools

hiciaLSIE1

!MI

hiegiiill

0.33
0.31
0.13
0.31

0.02
0.11
0.03
0.08

0.20
0.20

BEM
0.09
0.09

All High Schools
maans25

BEM

0.33
0.30
0.13
0.30

0.02
0.10
0.03
0.08

Asians
High Schools
Fluoridated
Urban
Rural
All Regions

hieguLal

Bad

0.27
0.28
0.27

0.07
0.10
0.08

Continuation High Schools
Sad
MeglO_QE1
0.20
0.12
0.20
0.12

All High Schools
M ean CE1
BM1

0.27
0.28

0.07
0.10

0.27

0.08

African Americans
High Schools
Fluoridated
Urban
Rural
All Regions

Continuation High Schools

Mean CFI

S.EM

Mean CEI

and

0.39
0.33

0.08
0.12
0.10

0.21
0.21

0.09
0.09

0.33

All High Schools
B1
0.39
0.08
0.12
0.33
0.09
0.33

&Waal

Latinos/ Hispanics
H'gh Schools
Fluoridated
Urban
Rural
All Regions

Mtan_CE1

BEM

0.31
0.26
0.19
0.27

0.06
0.08
0.08
0.06

Continuation High Schools

ttion_QE1
0.22
0.22

Bad
0.13
0.13

All High Schools
Mean CFI
5.11M
0.06
0.31
0.07
0.26
0.19
0.08
0.26
0.06

Whites/ Caucasians
High Schools
MA
0.05
0.36
0.21
0.34
0.14
0.06
0.16
0.34

Meacti2E1

Fluoridated
Urban
Rural
All Regions
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Continuation High Schools
Bad
Mes1.0...CM
0.13
0.13

0.06
0.06

All High Schools
Mean CFI
BEM
0.05
0.36
0.21
0.34
0.14
0.06
0.16
0.34
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ORAL HEALTH STATUS: 6 . PERIODONTAL NEEDS

Indicator

Percentage of students with destructive periodontal diseases (Community Periodontal Index
of Treatment Needs: CPITN score 4: Periodontal Pocketing >6 mm)

Purpose

To assess the need for preventive and treatment periodontal services.

Data Source

Examination Survey

Methods

Students were screened by a trained dentist

Results

Of all High School Students in grade 10, 60.9% have some periodontal treatment needs;
conversely, 39.1% have no evidence of periodontal treatment needs; 6.0% have evidence of
destructive periodontal disease (CPITN score 4).
There Is a wide range in the percentage of students with any periodontal treatment needs
(CPITN scores of 1-4) for groups identified by ethnicity and region. Asian students In
Fluoridated areas had the highest proportion (84.5%) of any periodontal treatment needs;
White students in urban areas were the group with the lowest proportion (38.2%) of any
periodontal treatment needs.
There is a wide range in the percentage of students with destructive periodontal disease
(CPITN score 4) for groups identified by ethnicity and region. African American students in
Urban areas had the highest proportion (15.9%) of destructive periodontal disease; White
students In rural areas were the group with the lowest proportion (0.0%) of destructive
periodontal disease.

Conclusion

A specific objective for this oral health status indicator Is needed with an action plan to meet
this objective.

Periodontal needs (Community Periodontal Index of Treatment Needs: CPITN)
Distribution (%) of students with worst score of 0, 1, 2, 3, 4.
All Students; All Regions
Periodontal Needs
HelIw (O

High Schools
Continuation High
All High Schools

38.9
45.5
39.1

Key:
0- No Needs;
1234-

Bleeding on probing
Tartar (Calculus) felt on probing
Periodontal Pocketing 4-5 mm
Periodontal Pocketing >6 mm

filmesirs111
10.4
24.5
10.8

Tr (2)

&alms Pockets MI

4.9
112
5.1

39.8
12.3
39.0

Donith/oluitilit
6.0
6.5
6.0

(Needs Oral Hygiene Instruction);
(Needs Scaling and Polishing and Oral Hygiene Instruction);
(Needs Scaling and Polishing and Oral Hygiene Instruction):
(Needs Root Planing/Gingival Curettage, Scaling and Polishing and
Oral Hygiene Instruction)

There was no significant difference In scores 3 and 4 by gender.
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PERIODONTAL CONDITIONS (CPITN)
All 10th grade students in regular high schools
El Fluoridated 0 Urban

50-

415 41.1

0 All Regions

• Rural

422

38a

40per 30cent 2010-

395

33

303
242
14.8
104

6.7
2. 47m:-.1
3
.:

Healthy (0)

Bleecing (1)

6

1_7

4.8 4.8

Tatter (2)

Shaliow Pockets (9)

Deep Pockets (4)

Distribution (%) of periodontal conditions (Community Periodontal Treatment Needs Indexi
among 10th grade students in regular high schools: by region

PERIODONTAL CONDITIONS (CPITN)
All 10th grade students in regular high schools
ISI

60per
cent

Asians 0 Blacks • Latinos 0 Whites M All

56.1

605 517

40
20
0

Heathy (0)
0

Bleeding (1)
- I • • •

• I

Tatter (2)
• 11 11

I

•r • • • I -

"

I

1•;

among 10th grade students in regular high schools: by ethnicity
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Periodontal needs (Community Periodontal Index of Treatment Needs: CPITNI
Distribution of students with worst score of 0, 1, 2, 3, 4; by ethnicity and region
Key: 0- No Needs; 1 - Bleeding on probing (Nandi Oral Hygiene Instruction); 2 - Tartar (Calculus) fet on probing (Needs Scaling and
Polisting and Oral Hygiene Instruction): 3- Periodontal Pocketing 4-5 rnrn (Needs Scaling and Polishing and Oral Hygiene Instruction); 4.
Periodontal Pocketing >6 mm (Needs Root Planingh3ingival Curettage, Scaling and Polishing and Oral Hygiene Instruction)

All Students
Continuation High Schools

High Schools
0
Fluoridated
Urban
Rural
All Regions

1

2

3

4

2.9 I
1
6.7 1 45.5
1
3.31
1
6.0 1 45.5

26.1

36.0

4.8

30.3

41.5

4.4

4.8

42.7

41.1

24.2

14.8

16.5

38.9

10.4

4.9

39.8

0

1

2

3

4 I 0
I 26.1

36.0

4.8

30.3

2.9

11.2

12.3

6.5 1 41.7

5.2

4.9

41.6

6.7

-1 41.1

24.2

14.8

16.5

3.3

11.2

12.3

6.51 39.1

10.8

5.1

39.0

6.0

24.5

All High Schools
1
2
3

4

i

24.5

Asians
0
Fluoridated
Urban
Rural
All Regions

1

All High Schools

Continuation High Schools

High Schools
2

3

4

0

1

2

3

4

0

1

2

3

4

15.5

21.0

8.4

41.2

13.8

15.5

21.0

8.4

41.2

13.8

29.4

6.5

17.5

42.7

3.9

54.1

13.8

32.1

0.0

0.0

29.5

6.6

17.5

42.5

3.9

28.1

9.1

16.1

41.9

5.4

54.1

13.8

32.1

0.0

0.0

28.2

9.1

18.1

41.1

5.4

African Americans
High Schools

0

2

1

3

4

2

3

31.9

7.8

25.4

7.5

27.4

31.9

7.8

25.4

7.5

22.9

1.9

1.9

57.6

15.9

56.4

0.0

3.8

22.8

17.1

24.1

1.8

1.9

56.3

15.9

24.4

8.1

3.1

50.5

14.0 1 56.4

0.0

3.8

22.8

17.1

25.3

7.8

3.1

49.6

14.1

0
Fluoridated
Urban
Rural
All Regions

All High Schools

Continuation High Schools
4
410
2
3
1

27.4

1

Latino/ Hispanics
Continuation High Schools

High Schools
0

1

2

3

41i 0
;

Fluoridated

322

17.6

7.9

41.4

Urban

29.5

2.8

72

54.3

12.1 1 40.8

Rural

24.9

123

11.0

42.0

9.4 i
I
10.1 1 40.8

All Regions

25.1

5.7

7A

51.7

All High Schools
1
2
3

4

2

3

410
•

322

17.6

7.9

41.4

1.0

25.6

15.8

10.3

7.5

24.8

4.5

7.8

512

11.8

-

24.9

12.5

11.0

42.0

9.4

25.6

15.8

10.3

7.5j

26.0

6.9

7.9

49.3

9.9

1

1.0 1

Whites/ Caucasians
0
Fluoridated
Urban
Rural
All Regions

23.6

1
54.9

2

3

0.8

19.9

62.0

5.2

0.0

31.1

46.6

32.5

17.3

3.7

55.1

14.9

0.8

28.5
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All High Schools

Continuation Hiah School

High Schools

0

1

2

3

410
i

23.6

54.9

0.0

15.4

0.0 1

61.8

5.7

*1

46.6

0.0 1

55.1

53.9

53.9

30.7

30.7

0.0

15.4

3

4

0.8

19.9

0.8

0.0

30.8

1.6

32.5

17.3

3.7

0.0

14,6

0.6

28.3

1.4

1

2
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RISK REDUCTION: 1

TOPICAL AND SYSTEMIC FLUORIDE USE
Definition

Percentage of students not on fluoridated water who use topical or systemic fluonde at home

Purpose

To assess compliance with recommended home fluoride use, and the need for public hearth
fluoride programs

Data Source

Examination Survey Questionnaire.

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
intended to supplement those found In Part 1.

FLUORIDE USE: Grade 10 in Regular High Schools
III

Asian El Black • Latino

1:1 White el

All

I

per
cent

School Rinse

Systemic

Toothpaste

Home Rinse

Percentage of Regular tikgh School students in grade 10 vntio nowuse &wide toottpaste and fluoride
mouthrinse at hone. and have used fluoride supplements and fluoride motrthrinse at school: by ethnicity
FLUORIDE USE

Asian
Black
Latino

White
All
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Toothpaste

Systemic

87.3
90.1

7.0

95.5

13.8

97.1

7.1
26.6

94.9

16.9
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School Rinse
10.4
21.0
11.4

6.8
10.0

Home Rinse
18.8

30.8
32.1
29.2
28.0
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Use of Topical or Systemic Fluoride:
All High Schools
Fluoridated

IMI

91.7 96S

El Urban

• Rural

0 All

g4,7

85
per
cent
2"

16.6
1027

F Toothpaste

Systemic F

241

34.6
Jul
6.7 103

School Rinse

24.6 2BS 213.4 27.9

0117
..
Home Rinse

Percentage of High School students vstio now use fluoride toothpaste and fluoride nx:uthrinse at home.
and have used fluoride supplements and fluoride mouthrirese at school: by region
Toothpaste
91.7
95.7
89.6
94.9

FLUORIDE USE
Fluoridated
Urban
Rural
All

Systemic
10.2
18.3
20.6
16.9

School Rinse
24.5
6.1
34.5
10.0

Home Rinse
24.6
28.8
28.4
28.0

Use of Topical or Systemic Fluoride:
High Schools

I•

Regular High Schools

Ell Continuation High Schools1

per
cent

Toothpaste Supplements School Rinse Home Rinse

Percentage of High School students vfio now use fluoride tootrpaste and fluoride rnouthrinse at borne.
and have used fluoride suptements and fluoride rnouthrinse atachool: by regbrt
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Percentage of students currently using
fluoride toothpaste and/or who have taken systemic fluoride; by region
All Students

Fluoridated
Urban
Rural
All

High Schools
F Toothpaste Systemic F
91.7
102
95.7
18.3
89.6
20.6
94.9
16.9

Continuation High Schools
F Toothpaste Systemic F
89.7

"
13.2

89.7

132

All High Schools
F Toothpaste Systemic F
91.7
10.2
95.5
18.0
89.6
20.6
94.7
16.8

Asians

Fluoridated
Urban
Rural
All

High Schools
F Toothpaste Systemic F
87.5
1.3
87.5
7.9
87.3

Continuation High Schoots
F Toothpaste Systemic F

All High Schools
Systemic F
87.5
1.3
87.6
7.9

F Toothpaste

87.3

7.0

7.0

African Americans

Fluoridated
Urban
Rural
All

High Schools
F Toothpaste Systemic F
93.7
15.1
89.0
13.6
90.1

Continuation High Schools
F Toothpaste Systemic F

All High Schools
F Toothpaste Systemic F
93.7
15.1
13.5
89.4
90.3

13.8

13.7

Latino/Hispanics

Fluoridated
Urban
Rural
All

High Schools
F Toothpaste Systemic F
94.0
8.5
7.0
96.0
1.7
90.9
7.1
95.5

Continuation High Schools
F Toothoaste Systemic F
91.1

12.9

91.1

12.9

All High Schools
F Toothpaste

Systemic F

94.0
95.6
90.9
95.2

8.5
7.4

1.7
7.5

White/Caucasians

Fluoridated
Urban
Rural
All
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High Schools
Toothpaste
Systemic F
F
12.9
90.5
98.8
29.0
35.4
892
97.1
26.6

Continuation High Schools
Systemic F

F Toothpaste
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All High Schools
F Toothpaste Systemic F
12.9
90.5
28.7
98.4
35.4
892
26.4
96.8
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Percentage of students currently using
fluoride mouthrinse at home or who used fluoride rinses at school ; by region
All

Fluoridated
Urban
Rural
All

High Schools
School Rinse Home Rinse
24.6
24.5
6.1
28.8
28.4
34.5
10.0
28.0

Students

Continuation High Schools
School Rinse Home Rinse
21.4
21.4

23.1
23.1

All High Schools
School Rinse Home Rinse
24.5
24.6
6.7
28.5
34.5
28.4
10.3
27.9

Asians

Fluoridated
Urban
Rural
All

High Schools
School Rinse Home Rinse
32.4
25.4
16.6
6.0
10.4
18.8

Continuation High Schools
School Rinse Home Rinse
-

All High Schools
School Rinse Home Rinse
32.4
25.4
16.6
6.0
10.4
18.8

African Americans

Fluoridated
Urban
Rural
All

High Schools
School Rinse Home Rinse
47.4
34.0
16.7
272
21.0
30.8

Continuation High Schools
School Rinse Home Rinse

All High Schools
School Rinse Home Rinse
47.4
34.0
17.1
27.6
21.2
31.0

Latino/Hispanics

Fluoridated
Urban
Rural
All

High Schools
School Rinse Home Rinse
36.2
30.9
5.9
32.2
11.8
35.3
11.4
32.1

Continuation High Schools
School Rinse Home Rinse
17.6
17.6

26.6
26.6

All High Schools
School Rinse Home Rinse
36.2
30.9
31.8
6.7
11.8
35.3
31.7
11.7

White/Caucasians

Fluoridated
Urban
Rural
All
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High Schools
School Rinse Home Rinse
10.3
15.3
4.5
29.6
57.3
16.8
6.8
26.8

Continuation High Schools
School Rinse Home Rinse
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All High Schools
School Rinse Home Rinse
10.3
15.3
5.1
29.1
16.8
57.3
7.2
26.5
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RISK REDUCTION: 2: SEALANTS
Definition

Percentage of students with sealants on 1+ permanent molar teeth

PunDose

To assess access to and dentist utilization of sealants.

Data Source

Examination Survey

For further details, see Part 1: Healthy People 2000 Objectives. The graphs and tables included here are
Intended to supplement those found in Part 1.

SEALANTS AT AGE 15: HIGH SCHOOLS
I• Poor

El Non

Poor • All
Objective

50
per
cent

24.2 26 ' 7 26 . 7
9.8

18.6

14.8 12.6

13.4

6.5 10.6 8.7

All Regions

Urban

Fluoridated

15.5

Rural

• i V
occlusal (chewing
l surfaces of any permanent molar teeth: by region

SEALANTS AT AGE 15: HIGH SCHOOLS
I• Poor

• Non Poor • All
Objective

50
per

A

cent

21.5

20.4

gs

1.4

0

=A— t
Asian

0 .6

18.9

10.5

1111 02 111.
Black

Latino

White

All

.l .n
• •r•
•
I
wh h v
occlusal (chewing) surfaces of any permanent molar teeth: by ethnicity
II
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Sealants: Age 15
IIII First Molars

LI Second Molars
Objective

50

23

Percent

15.2
4.5 3.9
M EM

0
All Regions Fluoridated

Rural

Urban

Percentage of 15-year-old students with evidence of a sealant
on first and second permanent molar teeth: by region

SEALANTS
Students age 15 from poor families; all regions
I• ANY MOLAR

FIRST MOLARS • SECOND MOLARS
Objective

50
per
cent

11.7 11.7

0

0

0

0

0.9 0

am41...
6

0.9

1.9

6

I

Asians

Blacks

Latinos

Whites

7

49 3_6

I 1111"11'1— I
All

Percentage of 15-year-old students from poor families who have received protective
sealants on the occlusal (chewingl surfaces of permanent molar teeth: all renions
ANY MOLAR

FIRST MOLARS
SECOND MOLARS
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Asians

Blacks

Latinos

Whites

All

0.0
0.0
0.0

0.9
0.0
0.9

11.7
11.7
4.5

6.0
1.9
5.0

7.0
4.9
3.5
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SEALANTS ON FIRST MOLARS: Age 15
13 All Regions

• Rural

I• Fluoridated Ce Urban

50
Per
cent

0
All

Whites

• Latinos

Blacks

Asians

Percentage of 15-year-old students who have received protective sealants on the
occlusal (chewing) surfaces of permanent /irst molar teeth; by ethnicity and region
Latinos
6.0
0.8
7.9
5.9

Blacks
13.4
0.0
2.7

Asians
0.0
0.0

Fluoridated
Urban
Rural
All Regions

0.0

All

Whites
33.3
8.8
25.7
14.0

23.0
5.1
15.5
9.2

Whites
1.9

4.9

Students from Poor Families

filacka

Asians
0.0

All Regions

Latinos
11.7

0.0

All

SEALANTS ON SECOND MOLARS: Age 15

I•

0 All Regions

• Rural

Fluoridated El Urban

50
per
19.3

cent
8.7
0 1.7 I D . 1.4

0

9.9

ohm

.8 20
"

Asians

Blacks

113

9.4

a

e.e

23
.

I Rin
Latinos

3.9

62

Whites

6.7 6.7

All

Percentage of 15-year-old students who have received protective sealants on the
occlusal (chewing) surfaces of permanent second molar teeth; by ethnicity and region

Fluoridated
Urban
Rural
All Regions

Asians
0.0
1.7
1.4

Latinos
6.0
0.8
2.6
2.3

Blacks
8.7
6.5
6.6

Whites
19.3
5.2
9.4
8.0

All
11.8
3.9
5.7
5.7

Whites
5.0

3.5

Students from Poor Families
All Regions
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Asians
0.0

Olack5

Latinos
4.5

0.9
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PRESCHOOLS VISITED

APPENDIX
PRESCHOOLS
(alphabetically by county, city, and schoo
PRESCHOOL NAME

CITY. COUNTY

Berkeley YMCA Head Start Center
Berkeley, Alameda
Fremont, Alameda
Montessori School of Fremont
Fremont. Alameda
Southern Alameda Co. Head Start-Hacienda
Hayward, Alameda
Helen Turner Children's Center
Oakland, Alameda
San Antonio Park Head Start Center -L11 Country Play School
Colusa, Coiusa
Colusa, Colusa
Our Lady of Lourdes
Colusa, Colusa
Colusa Co. Arbuckle Head Stan
Colusa, Coiusa
Co!use Co. Site B, Head Start
Colusa, Colusa
Williams Head Start
Oakley, Contra Costa
Head Start UCSSO Oaldey
YMCA Children's Center
Pinole, Contra Costa
Richmond, Contra Costa
Contra Costa Head Start-Belding
Richmond, Contra Costa
New Destinies Child Care Center
Firebaugh Migrant Head Start
Firebaugh, Fresno
Huron Migrant Head Start Huron, Fresno
Kerman, Fresno
Wee Adventures
Early Enrichment Center - Northwest
- • Pinedale, Fresno
Chapter One School
Reedley, Fresno
Sanger, Fresno
Kel-Sun Child Development Sevice . .
Sanger, Fresno
Uncoln Preschool
Kelseyville Preschool
Kelseyville, Lake
Bums Valley School ChOd Development •Center
Lakeport, Lake
•
Christian Center
Lakeport. Lake
•
Atlantic Head Start
Long Beach, Los Angeles
Carmelftos Head Start
Long Beach, Los Angeles
eder Head Start
Long Beach, Los Angeles
..Mann Child DeveloPment Ce' •••• -- Long Beach, Los Angeles
„Our Saviour's Lutheran Preach
, Long Beach, Los Angeles
patrick Henry Head Start
:: .Long Beach, Los Angeles
Si John Head Start
Lang Beach, Los Angelea
City of Azusa Head Start
- Azusa, Los Angeles
Rainbow Christen
• Azusa, Los Angeles
Playmates Preschool
Burbank, Los Angeles
Rainbow Child Development Center
Compton, Los Angeles
Duarte Unified SD Head Start
Duarte, Los Angeles
Choi Hung Head Start
Los Angeles, Los Angeles
•
Hikari Head Start
Los Angeles, Los Angeles
Imperial Courts Head Start
•
Los Angeles, Los Angeles
La Trinidad Head Stan/ABC Child Development Center
Los Angeles, Los Angeles
LAC/USC Medical Center Employees Child Care
Los Angeles, Los Angeles
Sunol Head Stan
Los Angeles, Los Angeles
Trinity Lutheran Preschool & Day Nursery
Los Angeles, Los Angeles
Vernon CDC Head Stan
Los Angeles, Los Angeles
Montessori School of Phillips Ranch
Pomona, Los Angeles
Brighter Days Montessori
Rancho Palos Verdes, Los Angeles
Cabrillo Avenue Children's Center
San Pedro, Los Angeles
James Monroe Preschool
Madera. Madera
Millview State Preschool
Madera, Madera
Sierra Vista Preschool
Madera, Madera
Costa Mesa Head Stan
Costa Mesa, Orange
City of La Habra Head Start
La Habra, Orange
Abiding Savior Lutheran
Lake Forest Orange
Placentia/Buena Part Head Start
Placenta, Orange
Unicare Children Center
Rancho Santa Marguerite, Orange
Childhetp USA Head Start
Beaumont, Riverside
Palo Verde Head Start
Blythe, Riverside
Education Station
Palm Desert, Riverside
Montessori Children's House
Riverside, Riverside

1
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PRESCHOOLS VISITED

APPENDIX

PRESCHOOLS (continued)
(alphabetically by county, city, and school)
PRESCHOOL NAME

CITY. COUNTY

Marshall Children's Center Head Start
Natomas Head Start
La Petite Academy
Children's World
Del Rosa Head Start
H Street Head Start
MAAC Project, Pauma Valley Head Start
Lighthouse Early Childhood Center
NHA Linda Vista Head Start
Wee Care Preschool
MAAC Project -Vista Head Start
Community Children's Nursery
Kai Ming Head Start-Clay
Mission Head Start-Regina Chiong
Mission Head Start-Valencia
Pacific Primary
San Francisco Head Start -OM!
San Francisco Head Start-Westside
SFUSD-Raphael Weill Nursery
SFUSD-Theresa S. Mahler
Yook Yau Ji Ga Day Care
Children's World Leariiiiiij'Cent4p,r
La Petite Academy
Lincoln Head Start
Small World ABC
Willow/Sacred Heart Head Start
Solano Comm College Children's Program
Head Start-Vallejo Center I & II

Carmichael, Sacramento
Carmichael, Sacramento
Citrus Heights, Sacramento
Rancho Cucamonga, San Bernardino
San Bernardino, San Bernardino
San Bernardino, San Bernardino
Pauma, San Diego
San Diego, San Diego
San Diego, San Diego
San Diego, San Diego
Vista, San Diego
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
Stockton , San Joaquin
Stockton , San Joaquin
Stockton, San Joaquin
San Jose, Santa Clara
San Jose, Santa Clara
Suisun City, Solano
Vallejo, Solano
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APPENDIX

ELEMENTARY SCHOOLS VISITED

ELEMENTARY SCHOOLS
(alphabetically by county, city, and school)
SCHOOL NAME

CITY. COUNTY

Lockwood Elementary
Arbuckle Elementary
Burchfield (James M.) Primary
Sheldon Elementary
Downer (Edward M.) Elementary
Lincoln Elementary
Orange Center Elementary
Laton Elementary
Porno Lake Elementary
Lakeport Elementary
Lower Lake Elementary
Northrup (William) Elementary
Bursch Elementary
Bursch Elementary
Caldwell Street Elementary
Lee Elementary
Forty-second Street Elementary
Bryant Elementary
Schmitt Elementary
Nicolas Valley Elementary
Prairie Elementary
Preston Elementary
Lankershim Elementary
Central Elementary
Euclid Elementary
Jefferson Elementary
Ross Elementary
Buena Vista
Jose Ortega Elementary
Monroe Elementary
Raphael Weill Elementary
Cherrywood Elementary
Federal Terrace Elementary

Oakland, Alameda
Arbuckle, Colusa
Colusa, Colusa
El Sobrante, Contra Costa
San Pablo, Contra Costa
Richmond, Contra Costa
Fresno, Fresno
Laton, Fresno
Clearlake, Lake
Lakeport, Lake
Lower Lake, Lake
Alhambra, Los Angeles
Baldwin Park, Los Angeles
Compton, Los Angeles
Compton, Los Angeles
Long Beach, Los Angeles
Los Angeles, Los Angeles
Garden Grove, Orange
Westminster, Orange
Temecula, Riverside
Sacramento, Sacramento
Rialto, San Bernardino
Highland, San Bernardino
San Diego, San Diego
San Diego, San Diego
San Diego, San Diego
San Diego, San Diego
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Jose, Santa Clara
Vallejo, Solano
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APPENDIX

HIGH SCHOOLS VISITED

tlIGH SCHOOLS
(alphabetically by county, city, and school)
SCHOOL NAME

CITY. COUNTY

Encinal High
James Logan High
Williams High
Clayton Valley High
Richmond High
Coalinga High
Central High
Reed ley High
Selma High
Orland High
Clear Lake High
Middletown High
Arcadia Senior High
Burroughs High
Diamond Bar High
Inglewood High
Momingside High
Jordan High
Wilson High
Vail High
Quartz Hill High
Rowland (John A.) High
San Gabriel High
Gilbert (Continuation) High
Mountain View (Continuation) High
Westminster High
March Mountain (Continuation) High
American Legion Continuation High
Grant Union High
Pacific Continuation High
Valley High
Vista Nueva Continuation High
Citrus (Continuation) High
Eisenhower Senior High
Sierra High
Palomar Continuation High
Gompers Secondary
Hoover Senior High
.1. Eugene McAteer High
Newcomer High

Alameda, Alameda
Union City, Alameda
Williams, Colusa
Concord, Contra Costa
Richmond, Contra Costa
Coalinga, Fresno
Fresno, Fresno
Reedley, Fresno
Selma, Fresno
Orland, Glenn
Clear Lake, Lake
Middletown, Lake
Arcadia, Los Angeles
Burbank, Los Angeles
Diamond Bar, Los Angeles
Inglewood, Los Angeles
Inglewood, Los Angeles
Long Beach, Los Angeles
Long Beach, Los Angeles
Montebello, Los Angeles
Quartz Hill, Los Angeles
Rowland Heights, Los Angeles
San Gabriel, Los Angeles
Anaheim, Orange
Santa Ana, Orange
Westminster, Orange
Moreno Valley, Riverside
Sacramento, Sacramento
Sacramento, Sacramento
Sacramento, Sacramento
Sacramento, Sacramento
Sacramento, Sacramento
Fontana, San Bernardino
Rialto, San Bernardino
San Bernardino, San Bernardino
Chula Vista, San Diego
San Diego, San Diego
San Diego, San Diego
San Francisco, San Francisco
San Francisco, San Francisco

O'Connell (John k) High
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California Oral Health Needs Assessment
Training Manual for Examiners and Recorders

DENTAL EXAMINATIONS
The American numbering system for teeth will be used (1 - 32), where #1 is the maxillary right third molar, #16 is
the maxillary left third molar, #17 is the mandibular left third molar, and #32 is the mandibular right third molar.
These will be described as Ti - T32. The lettering system for primary teeth will not be used; primary teeth will be
designated for the appropriate spaces T4 - T13 and 120 -129.
Supernumerary teeth are not to be scored. The examiner must decide which tooth is the supernumerary.
Orthodontically banded or bracketed teeth are scored as usual on all visible surfaces.
The teeth or tooth spaces to be examined for preschool children are T4 - T13 and 120 - T29. It is not expected to
find permanent teeth In the preschool population, although there may be some older children with partially
erupted permanent first molars and/or permanent mandibular central incisors in the Fall of their last year in
preschool.
The teeth or tooth spaces to be examined for elementary school children (grades K-3) are T3 - 114 and T19 - T30.
It is not expected to find permanent second molars in this population. These children will have both primary and
permanent teeth; where a tooth space has both a primary and a permanent tooth, only the permanent tooth will
be scored.
The teeth or tooth spaces to be examined for high school students (grade 10) are 12 - T15 and 118 - T31. It is not
expected to find permanent third molars in this population. By this age nearly all primary teeth will have been lost
All anterior teeth (incisors and cuspids/canines) are considered to have 4 surfaces (mesial. distal, lingual, and
facial). Incisal edges are not considered to be separate surfaces. If a lesion or restoration is confined solely to
the incisal edge, its score should be assigned to the nearest adjacent surface. All posterior teeth have 5
surfaces (occlusal, mesial, distal, lingual, and facial).
WHEN IN DOUBT, THE DENTAL EXAMINER MUST CHOOSE THE LESS DISEASENEED CATEGORY.
The following are the measures of oral health/disease and needs to be used for this survey.
1.
Tooth surfaces will be assessed for primary teeth
TREATM ENT
(decayed, extracted, and filled surfaces - dets) and permanent teeth (Decayed, Missing, and Filled Surfaces DMFS). For these indices, criteria for caries diagnosis and treatment received, will be the same as that used in
the National Institute of Dental Research's school-based children's surveys, unless specified here.

References:
1. Oral Health Surveys of the National Institute of Dental Research: Diagnostic Criteria and Procedures. January
1991; page 5-9.
2. Oral Health Surveys. Basic Methods. Third Edition. World Health Organization. 1987; page 35.
The codes to be used are different than those used in these references and are to be found elsewhere in this
manual.

Teeth that are unerupted or missing tor reasons other than extraction due to caries (congenitally missing,
orthodontic extraction, missing due to trauma) are all to be scored as 'Expected tooth missing'.
For preschool children only, where there is an expected primary tooth missing, and in the judgment of the
examiner it has been extracted due to caries, then it is to be scored as missing due to caries.
For elementary school children, primary teeth may be considered as extracted due to caries when normal
exfoliation, or orthodontic extraction, or extraction/loss due to trauma would not be a sufficient explanation for
the tooth's absence. When in doubt, score the tooth space as 'Expected tooth missing', and not as 'Missing due
to caries'.
A tooth is cOnsidered to be present when any part of its crown projects through the gum.
Caries NIDR criteria will be used for caries assessment

1

California Oral Health Needs Assessment
Training Manual for Examiners and Recorders
An additional code is to be used for this survey that is not listed in either of these references. When in the
judgment of the examiner a pit or fissure cannot be called decayed by the criteria, but the examiner is
uncomfortable calling it sound, then an incipient caries call is made, indicating incipient caries or the need for a
sealant for that surface.
When in doubt, the dental examiner must choose the less disease category.
Treatment received
Temporary fillings are scored in the same manner as permanent restorations.
Teeth or tooth surfaces that are sealed and filled are to be scored only as filled.
Teeth or tooth surfaces that are restored and decayed, or sealed and decayed, whether primary or secondary
decay, are to be scored only as decayed.
DECAY TAKES PRECEDENCE.

•

2. DE1TALBEacmayE2BusThiB4T _NE= Including the treatment of caries and defective
restorations and tooth fractures, a separate index will be used for the treatment needs for each tooth. The Dental
Restorative Treatment Needs Index as developed for the NIDR 1979-1980 survey, and used in the 1982-84
Hispanic Health And Nutrition Examination Survey, and in the evaluation of the 1982-84 California School-Based
Dental Disease Prevention Program will be used.
Reference: Oral Health Surveys. Basic Methods. Third Edition. World Health Organization. 1987; page 37-38.
The codes to be used are different than those used in the references and are to be found elsewhere in this
manual.
Following the calls for the condition of each of the surfaces of a tooth, the examiner will call a treatment need for
the tooth as a whole. A tooth may have no decay or incipient decay, but may require treatment for other reasons,
such as trauma.
The examiner will follow these criteria for treatment needs Involving sealants, extractions, crowns, root canal or
other pulpal treatment needs, and tooth replacements.
Sealant
A pit or fissure on a primary or permanent tooth which cannot be called decayed by the criteria, yet the examiner
is uncomfortable calling it sound, indicating incipient caries or the need for a sealant for that tooth. When the
other surfaces of the tooth are to receive a different treatment, then the other treatment takes precedence.
Extraction:
The primary or permanent tooth Is unrestorable by root canal treatment and crown or any other means. There
less than half of the coronal tooth that is sound.

6

Teeth that should be extracted for orthodontic or prosthetic needs are not to be recorded.
Tooth Replacement or Space Maintenance:
Examiners are not to call for the replacement or space maintenance for a missing primary tooth or where a
primary tooth is determined to need extraction. The need for a space maintainer will be determined by a computer
program based on the age of the child and the location of the tooth space.
For missing permanent teeth or permanent teeth determined to need extraction, the examiner should indicate
whether the tooth space should receive a replacement A computer program will determine the type of
replacement based on age and the number of tooth spaces requiring replacement Under most situations a tooth
space created by a missing permanent tooth or a permanent tooth determined to need extraction should be
called as needing replacement The exceptions would be where there is crowding.
For orthodontic needs, a separate assessment is to be made.
2
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Root Canal Treatment
The tooth is restorable by root canal treatment and crown. There is more than half of the coronal tooth that is
sound and there is no caries or fracture subgingivally.
There must be no evidence of prior root canal treatment A restoration involving the lingual surface on an anterior
tooth, or a restoration involving the occlusal surface on a posterior tooth, is not in itself sufficient evidence of
prior root canal treatment The child/student must be asked if the tooth has had a root canal treatment However,
If the child/student cannot communicate or respond, then the judgment of the examiner must be used.
In addition one or more of the following must be present
1.The non-carious tooth tissue is darker than the other teeth.
2.There is a fistula or swelling in the surrounding tissues.
3.The child/student acknowledges pain at night with no stimulus. Pain with hot or cold or sweet that lasts less
then a few minutes is not a criterion for root canal treatment
4. The tooth is tender to percussion. The examiner may tap gently on the tooth and the adjacent teeth with the
end of the handle of the mouth mirror to ascertain tenderness to percussion. This is only done if there is still
doubt about the condition of the tooth, and is not to be done routinely.
A tooth with extensive decay not meeting these criteria is not to receive a treatment need call for root canal
treatment
There is no call for a pulp cap treatment need.
CIOND:
The tooth would best be restored with a crown rather than an intracoronal restoration. A satisfactorily restored
tooth however is not to be considered as needing a crown, even if the restoration is very extensive. The following
criteria should be met
1.One or two cusps of a multicusped tooth are missing due to caries or fracture or are severely undermined by
caries as evidenced by discoloration.
2.More than one-third of the crown of an anterior tooth is missing due to caries or fracture, and the tooth could
not be restored by a bonded composite restoration.
Teeth with 1-4 surfaces needing treatment should receive a treatment need for 1-4 surface restorations, unless
the criteria above are met for a crown. It is not acceptable to call for a treatment need of a crown for a tooth with
mesial, distal, occlusal and lingual/facial caries, when the above criteria are not met This applies to primary and

permanent teeth.

3.
DB,910:13ALEA of the teeth would be incorporated in the dental examination and Dental Restorative
Treatment Needs assessment. Oral trauma involving soft tissues or bones would be coded under Oral Lesions
(Other).
4.

UNUSUAL ORAL LESIONS (lips or oral mucosa) would be checked If present, with 9 categories

Including None, Ulcer, Acute necrotizing ulcerative gingivitis (ANUG), White patch, Red patch, SweUing (more

than 1 cm), Gingival hyperplasiabypertrophy, Cleft lip or palate, and Other.

The oral screening should begin with an examination of the soft tissues. This is usually brief, and most children
will be free of unusual oral lesions. If there is more than one lesion, the most severe condition should be
recorded. There is space for the recorder to enter a short word description under 'Other'.
848S 8n •
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References:
1. Oral Health Surveys of the National Institute of Dental Research: Diagnostic Criteria and Procedures. January
1991; page 53-78.
2. Oral Hearth Surveys. Basic Methods. Third Edition. World Health Organization. 1987: page 43.
(American Dental Association Index). This information would be
OVERALL TREATMENT
5.
conveyed on a form to parents/guardians of all children/students.
Category 1.

No treatment needed according to this screening.

Treatment needed, but not urgent If sealants alone are indicated, this would be a
Category 2.
recommendation for treatment (category 2).
Category 3.
Infection.

Treatment of an urgent nature needed, due to extensive decay in one or more teeth, or pain or

6. efflagla6LnyAudaa 10525: An assessment will be made for High School students only
(Community Periodontal Index of Treatment Needs - CPITN). Six teeth will be scored using a periodontal probe.
The teeth are #3, #8, #14, #19, #24, #30. If any of these teeth are not present, then the adjacent molar or central
Incisor should be substituted. The codes for this index are to be found elsewhere in this manual
The description in the WHO reference will be used.
Reference: Oral Health Surveys. Basic Methods. Third Edition. World Health Organization. 1987; page 31-33.
7.
FLUOROSIS: Dean's community fluorosis index (CFI) will be used for High School students only.
Fluorosis will not be recorded for each tooth, but only for the two most affected teeth in the mouth.
Reference:
1. Oral Health Surveys of the National Institute of Dental Research: Diagnostic Criteria and Procedures. January
1991; page 36-40.
2. Oral Health Surveys. Basic Methods. Third Edition. World Health Organization. 1987; page 39-40.
MILIQQ2111calEEQE: The dental examiner will make a clinical judgment about the current need for
orthodontic treatment using the WHO criteria. There are four categories of need:
8.

none;
in treatment (fixed or removable):
mild;
moderate-severe.
The moderate- severe category requires a measurement in some cases: the dental 'examiner should use the
periodontal probe for this purpose. Since the periodontal probe has markings at 3.5mm and 5.5mm, the dental
examiner will have to use some judgment to estimate deviations of more than 4mm and 9mm or more. Note that
9mm = 3.5mm + 5.5mm. Students will have been asked by questionnaire if they ever had orthodontic treatment.
Note that, apart from the category of 'in treatmenf, the other categories correspond to the WHO criteria.
Reference: Oral Health Surveys. Basic Methods. Third Edition. World Health Organization. 1987; page 30-31.
EXAMINATION PROCEDURES

Examination teams will consist of a dentist and a recorder. One group of teams will conduct examinations for
preschool children, another group of teams for elementary schoolchildren, and another group of teams for high
school students.
Dental examiners must wear eye protection, including corrective lens eyewear. Dental examiners should use
only the magnification required for correct vision and not any additional magnifying aids. A recent vision check
by a licensed optometrist is recommended.
For preschools and elementary schools, each examination will take about 3 to 5 minutes, including infection
control and entering of data. During one school day up to 50 preschool children will be examined. For elementary
schools, during one school day up to 75 children from grades K-3 will be examined.
4
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For high schools, each examination will take about 6 minutes, including infection control and entering of data.
During one school day up to 50 students from grade 10 will be examined.
A reclining chair will be provided for the children. A special light will be used to illuminate the oral cavity. Mouth
mirrors and explorers will be used. For high school students a periodontal probe will also be used. No radiographs
will be taken. Sufficient instruments will be provided to the dental examiner to complete all examinations in one
week, after which time they will be sterilized at a local site.
The dental examiner will be responsible for the transportation of the equipment and supplies, and for the
sterilization of the instruments.

INFECTION CONTROL
Accepted infection control procedures will be followed. Universal precautions dictate that all persons be treated
as potentially infectious.
Eating and drinking must not be done in areas where potentially infectious material may occur. Applying of
cosmetics other than hand cream must not be done in these areas, and excessive jewelry should be avoided.
Hands must be washed at the beginning of the day using water and an antimicrobial soap. Between changing
gloves, an antiseptic cleanser must be applied to the hands, rubbing the hands together until dry. Hands should
be washed with water and soap periodically.
In The unlikely event of known skin contact with blood, hand washing must be done as soon as possible
thereafter.
Disposable latex gloves must be worn for all examinations and must be replaced after each examination or if
torn. Gloves must not be reused.
Heavy latex gloves must be used for clean up and may be reused if decontaminated and not deteriorated.
Masks must be used for all examinations, and should be changed when they become moist. Masks should be
removed by handling the fasteners after removing gloves, and not by touching the mask itself.
Young children may be somewhat fearful of a person with a mask. In such cases the dental examiner should
explain that it is to protect the child and the dental examiner from breathing or coughing on each other. The mask
could be removed and reapplied prior to gloving to show the face of the examiner. Caution should be used when
considering drawing of a mouth on the outside of the mask, in case a child interprets that as a clown, of whom
they may be afraid.
Disposable gowns must be worn, and changed between morning and afternoon sessions.
Personal protective equipment must be removed as soon as possible when penetrated by potentially infectious
materials, and prior to leaving the work area. Gloves, masks, and gowns should be placed in designated plastic
bags for disposal.
All contaminated reusable instruments which can be sterilized in verifiable heat sterilizing devices must be
thoroughly cleaned and heat sterilized. Biological monitoring is required.
Sterilization will be done at a site that is close to the examiner or the recorder. This may be the office of the
examiner or recorder, or another designated site.
A bag that has been sterilized containing a mouth mirror and explorer will be used for each child.
Between examinations, the procedure listed below should be followed:
a.
b.
c.
d.
e.
1.
9.

h.

I.

dismiss student
remove headrest cover
remove light cover (if used)
remove used gloves
place new headrest cover (and light cover If used)
wash hands or use antiseptic cleanser
glove

pick up clean/slerilized instrument pack
tear open Instrument pack
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If an instrument is dropped during the procedure, the procedure is as follows:
retrieve the dropped instrument and place it and the remaining instrument(s) in the set in the
a.
CONTAMINATED instruments container.
remove gloves
b.
wash or cleanse hands
c.
d.
glove with clean gloves
pick up clean instrument pack and tear it open
e.
continue with the examination
f.
In the event the light must be adjusted, the examiner must use a paper towel or the light cover to touch surfaces.
Immunizations: All examiners must have had immunity or immunization for Hepatitis B. All personnel should
have current seasonal Influenza immunization. Some school districts require that examiners have a current
tuberculosis test
Preparing Instruments for Sterilization
1.

The heavy duty gloves must be cleaned and disinfected before storage.

2.
Four containers will be used for instruments: two labeled CONTAMINATED; one labeled SCRUBBED;
and one labeled STERILIZED. Each container should be disinfected before and after use.
3.
Following an examination, to remove debris from contaminated instruments, they should be wiped
carefully with gauze by the examiner while still wearing gloves. Used instruments should then be placed in the
CONTAMINATED container, partially filled with water.
4.
At the end of a session, the CONTAMINATED container should be placed on a table. The examiner must
wear heavy duty gloves when handling multiple explorers. The tips of instruments should be scrubbed with a stiff
brush, rinsed, drained, blotted dry and placed in the SCRUBBED container. Brushes should be rinsed and placed
in containers. If using a sink, ft should be disinfected after use.
5.
Instruments are to be packaged one set per autoclave bag for sterilization. Packages are to be dated.
These bags may be placed in larger autoclave bags to facilitate handling. The name of the person who is to pick
up the bags from the sterilization site should be written on the bags.
Bags to be sterilized should not be mixed with those that are already sterilized. Instruments are considered
sterile for 30 days if the package is not compromised. After 30 days, instruments should be re-wrapped for resterilization.
UD and Cleaning up
Each preschooVschool will provide a work table with a top surface that can be disinfected. At the beginning and
end of the day, on table tops and other surfaces used In the examination process, a disinfectant should be
sprayed, wiped with a paper towel and sprayed again. The solution must remain In contact for 10 minutes for
proper disinfection.

Betting

The dental chair and light must be cleaned of dust and debris at the beginning and end of each day.
Waste baskets must be lined with plastic bags. At the end of the day the plastic bag should be securely
fastened. The school principal or site coordinator should be consulted for the proper disposal site.
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Examination Calls
Tvoe of Tootri
0
Expected tooth missing (unerupted,
missing for reasons other than extraction due to
caries: congenitally missing, orthodontic extraction,
missing due to trauma)
1
Primary tooth present
2
Permanent tooth present

Lesions (lips or oral mucosa)
0
1
2
3
4
5
6
7
8

Condition of Tooth and Condition of Surfaces
0
Sound
Incipient pit/fissure caries (would need a
sealant)
1
Pit/fissure caries
2
Smooth surface caries
3
Metal intracoronal restoration
(amalgam or other metal)
4
Tooth colored intracoronal restoration
(composite or other)
5
Sealant present
(partial or complete pit/fissure sealant)
Crown (placed due to caries; any material)
6
7
Esthetic restoration (veneer, bonding,
crown for esthetics or fracture)
8
Traumatized tooth (missing due to trauma,
fractured due to trauma,
discolored due to trauma)
9
Missing/Extracted due to caries
Note:

None
Ulcer
Acute necrotizing ulcerative gingivitis
(ANUG)
White patch
Red patch
Swelling (more than 1 cm)
Gingival hyperplasia/hypertrophy
Cleft lip or palate
Other

Periodontal Status Codes
0
1
2
3
4

Healthy
Bleeding observed after probing
Calculus fett during probing
but all the black area of the probe visible
Pocket 4-5 mm
(gingival margin situated on black area of
probe)
Pocket >6 mm (black area of probe not
visible)

fluorosis Codes
0
1
2
3

Pontics or space maintainers or partial
dentures are not recorded.

Normal
Questionable
Very mild
Mild
Moderate
Severe

Example: A tooth missing due to trauma would be
coded: Type 0 Condition 8.

4

Dental Treatment Needs Index
0
No treatment needed
1
1 surface restoration needed
2
2 surface restoration needed
(or two 1 surface restorations)
3
3 surface restoration needed
(or three 1 surface restorations or
a 2 surface restoration + a 1 surface
restoration)
4
4 or 4+ surface restoration needed
5
Sealant needed
6
Crown needed (primary or permanent tooth)
7
Root Canal or pulpotomy treatment needed
8
Tooth replacement needed when permanent
tooth already missing and replacement
needed
9
Extraction needed (primary or permanent
tooth)
Root Canal and crown needed
76
(primary or permanent tooth)
98
Extraction of permanent tooth
and replacement needed

Orthodontic Needs

September 1993

5

0
1
2

None
In treatment (fixed or removable)
Mild needs
(one or more rotated or lifted teeth or slight

3

crowding or spacing which disturb the
regular alignment of the teeth)
Moderate-severe needs
including the presence of one or more of the
following conditions of the incisors
a.maxillary overjet 9mm or >9 mm;
b. mandibular overjet/anterior crossbite
equal to or greater than a full tooth depth;
c. open bite:
d.midline shift >4mm;
e.crowding or spacing >4mm

When in doubt.
Remember
assign the less disease/need category
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May 8, 1995

(909) 8Ze4431
FAX: (909) (-4211

Honorable Curt Pringle, Chair
Assembly Approptiadon Committee
Capitol Building, Room #21I4
Sacramento, CA 95814
Re: Drinking Water Fluoridation (A.B..733)
Hearing Scheduled for May 10, 1995

Dear A.ssembly Member Ptinglc:
This letter is written in support of A.B. 733 (Speier), which would require fluoridation of
public drinking water systems in California_ I write to you as Chair, of the dental hygiene program
at Loma Linda University School of DenciStry.
Of the 152 large.st cities in the United States that do not have fluoridated water. 87 are in
California. Of the American cities with popnlation of over a million, only Los Angelis and San
Diego are not fluoridated. We rank 47th in the country with respect to community watcr
fluoridation; only 17% of California residents drink optimally fluoridated water.

Community water fluoridation would substantially reduce dental decay among Californians

and save the taxpayers millions of dollars in dental hills and lost work productivity for school or
work time missed for dental problems. All this at an average cost of less than a nickel a month per

person, including amortized start up costs for fluoridation.

Significantly, A.B. 733 accomplishes community water fluoridation without demanding tat
appropriation of State funds. It also addresses the fiscal concerns of local communities by
providing that fluoridation need not be instituted until funds are available to accomplish it Tinder
A.B. 733, the only State level role is for the Department of Health Services to identify funding
sources for community water fluoridation; this is consistent with presently existing state level
leadership in community public health issues.

Water fluoridation is one of the best contributions the Legislature could make to the health

and well-being of Californians. Please vow "Yes" on A.B. 733.
Sincerely,
404.611.14C41,
.4"" 4914 ni'#
Karuit A. Simpson, RDM MPH

Chair
Dental Hygiene Department
cc; Assembly Appropriation Committee Members, Assembly Member Jackie Speier
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June 16, 1995
California .State Senator Ray Haynes
Health and Human SexVices Commission
Dear Senator Hares,
I have recently heard that a vote is soon coming up on whether or not to
mandate fluoridation of all the state's public water supplies. Because it is
not known what the long term result of Sodium Fluoride is in either the
human body Or in the ecosystem, please vote against state mandated
fluoridation.
I understand, having spoken to your Chief of Staff, that you are not in favor
of a state fluoridation mandate, and I applaud those feelings. My hope is
your colleagues will feel the same way. I'm sure you and all in the Health
and Human Services Commission are aware of the poisonous nature of
Sodium Fluoride, even though it's used in toothpaste and endorsed by the
ADA. You've probably all heard about Sodium Fluoride's suspected
involvement in Brittle Bone Disease, Dental Florosis and even Sudden Infant
Death Syndrome in those cities and states which currently mandate water
fluoridation.
Among many compelling technical arguments against fluoridation, however,
there is one simple one which convinces me:
Is the state willing to accept liability in any class actions
which would result from health problems found in the
future to be caused by fluoridation?
The court costs alone could bankrupt the state.
In this case I urge you and your colleagues to vote against the unknown:
Please vote against state mandated public water fluoridation.
Thank you;
Don Heigert
11484 Whittire Ave.
Loma Linda, Califorina 92354
(909) 796-8812
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June 16, 1995
To The Honorable Ray Haynes, Vice-Chair
Senate Health and Human Services Committee - 1995

Dear Mr. Haynes:

I urge you to vote ND on A.B. 733: Drinking Water Fluoridation.
•

Sodium Fluoride is a toxic compound!! It is an extremely potent enzyme inhibitor with a
toxicity rating greater than lead and just a bit less toxic than arsenic.

•

Sodium Fluoride is the by-product of the production of phosphate fertilizers, aluminum and
other industrial processes.

•

Increases in the occurances of bone cancer, hip fractures and dental fluorosis have been
correlated with fluoride intake.

Please do not legislate into exigence a law that will u iinLately raise it y water bill and
introduce into my drinking water a non-biodegradable hazardous loxic industrial waste
that is classified by the E.P.A. as a contaminant !!

Sincerely,

//Po W -117
C /f • 92_2
ft/n/

:
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June 16, 1995
To The Honorable Ray. Haynes, Vice-Chair
Senate Health and Human Services Committee - 1995

Dear Mr. Haynes:

I urge you to vote INS2 on A.B. 733: Drinking Water Fluoridation.
•

Sodium Fluoride is :a toxic compound!! It is an extremely potent enzyme inhibitor with a
toxicity rating greater than lead and just a bit less toxic than Arsenic.

•

Sodium Fluoride is:the by-product of the production of phosphate fertilizers, aluminum and
other industrial processes.

•

Increases in the occurances of bone cancer, hip fractures and dental fluorosis have been
correlated with fluoride intake.

Please do not legislate into existence a law that will ultimately raise my water bill and
introduce into my drinking water a non-biodegradable hazardous toxic industrial waste
that is classified by the E.P.A. as a contaminant !!

Sincerely,

Q.ctlyma

!I

ô

m
Ccati

rnoreno Uck-LILy
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June 16, 1995
To The Honorable Diane E. Watson, Chair
Senate Health and Human Services Committee - 1995

Dear Ms. Watson:

I urge you to vote 1V2 on A.B. 733: Drinking Water Fluoridation.
•

Sodium Fluoride is a toxic compound!! It is an extremely potent enzyme inhibitor with a
toxicity rating greater than lead and just a bit less toxic than arsenic.

•

Sodium Fluoride is the by-product of the production of phosphate fertilizers, aluminum and
other industrial processes.

•

Increases in the occurances of bone cancer, hip fractures and dental fluorosis have been
correlated with fluoride intake.

Please do 'Lot legislate into existence a law that will ultimately raise my water bill and
introduce into my drinking water a non-biodegradable hazardous toxic industrial waste
that is classified by the E.P.A. as a contaminant 11

Since ly,

4' g/w
Pie c -Go
-G-5-0911/pe) M;9rSZ,

ev>4:
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June 16, 1995
To The Honorable Diane E. Watson, Chair
Senate Health and Human Services Committee - 1995

Dear Ms. Watson:
I urge you to vote 1X12 on A.B. 733: Drinking Water Fluoridation.
•

Sodium Fluoride is a toxic compound!! It is an extremely potent enzyme inhibitor with a
toxicity rating greater than lead and just a bit less toxic than arsenic.

•

Sodium Fluoride is the by-product of the production of phosphate fertilizers, aluminum and
other industrial processes.

•

Increases in the occurances of bone cancer, hip fractures and dental fluorosis have been
correlated with fluoride intake.

Please do not legislate into existence a law that will ultimately raise my water bill and
introduce into my drinking water a non-biodegradable hazardous toxic industrial waste
that is classified by the E.P.A. as a contaminant !I

Sincerely,

40735 fothrIA:Piette,
i\lorn . 1-6L., CA

qc954.0a
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STAFF ANALYSIS OF ASSEMBLY BILL 733 (SPEIER)
AS AMENDED IN SENATE JULY 5. 1995
SUBJECT

Drinking water: Fluoridation.
INTENT

The intent of this bill is to reduce tooth decay among California children.
ABSTRACT

Existing law:
• Requires the Department of Health Services ,(DHS) taregulate drinking water
and to establish standards for morutormg contaminants that may be hazardous
to public health. OHS is required to adopt primary and secondary drinking
•water standards that are at least as stringent as those adopted by the US EPA
for contaminants. including fluoride. A primary drinking water standard is a
regulation that protects human health by specifying the maximum level of a
contaminant that may be present in a municipal drinking water source. A
secondary drinking water standard is not health related, however it regulates
the amount of any contaminant which may affect the taste, odor or appearance
of water or otherwise adversely affects public welfare.
• Requires the Office of Environmental Health Hazard Assessment (OEFIRA)
within the Cal EPA to assess the risks to human health posed by each specific
contaminant in municipal drinking water. OEHHA then determines the level of
the contaminant to which humans can be exposed without incurring significant
health risks. The "no significant risk" level established for each contaminant is
called its "Recommended Public Health Goal."
•

Requires DHS to adopt a "Maximum Contaminant Level" (MCL) for each
contaminant for which a Recommended Public Health Goal is established. The
MCL must be based on the Recommended Public Health Level but may be less
stringent under specified conditions.
This bill would:
•

Direct OHS to adopt regulations that require the fluoridation of all public
water systems that have at least 10.000 service connections.
Continued-.-
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the remainder of the Population much too great to acknowledge There are
unacceptable risks to public health in which the government cannot prove its claims
of safety.
PRIOR ACTIONS
Environmental Safety and Toxic Management: Do Pass (7-5)
Assembly Appropriations:
Do Pass as Amended (10-5)
Assembly Floor: •
Passed (48-18) .
POSITIONS
Support:

Alliance for Children's Rights
American College of Obstetricians and Gynecologists
American Cancer Institute
American Dental Association
American Medical Association
California Association of Hospitals and Health Systems
California Conference of Local Directors of Health Education
California Conference of Local Directors of Maternal. Child. and
Adolescent Health
California Congress of Parents, Teachers. and Students. Inc.
California Dental Hygienists Association
California Dental Association
California Dietetic Association
California Chamber of Commerce
California Medical Association
California Public Health Association. North
California School Nurses Organization
California. Society of Pediatric Dentists
CDC (Center for Disease Control)
Century Dental Plan
Children's Advocacy Institute
Children NOW
Colusa County Office of Education Children's Services
County of Los Angeles Health Commission
County of Los Angeles Department of Health Services
County of Sacramento Department of Health and Human Services
County of San Mateo Health Services Agency
County of San Luis Obispo Health Agency
Dental Coalition for Needy Children
Dental Consultant Center. Huntington Park. CA
Dental Health Foundation
Director of Dental Hygiene. West Los Angeles College
Healthy Los Angeles 2000
Kaiser Petmanente
Los Angeles for Children
Los Angeles Free Clinic
Los Angeles Dental Society
Loma Linda University
Maternal Child and Adolescent Health Advisory Board
Continued.--
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Kepper Chiropractic
Libertarian Party of Riverside County
Loma Linda University Medical Center, Management & Clinical Systems
Marianne's Perfumerie. Fallbrook. CA
Metropolitan Water District of Southern California
Montebello Land and Water Company
Mt. Diablo Natural Health Center
•Naldo-Ricketts Realty, El Cajon, CA
National Association of Citizens for Health
National Association of Naturopathic Physicians (NANP)
National Health Federation, Sacramento Chapter
National Nutritional Foods Association
National PTA (Parents and Teachers Association), Chicago, Ill.
National Pure Water Association
Natural Health Center. Concord. CA
New York State Coalition Opposed to Fluoridation. Inc.
New York State Congress of Parents and Teachers. Inc.
Paradise : Irrigation District. Paradise, CA
People for Reason in Science and Medicine
Pure Food Campaign. Riverside. CA
Quantum Chiropractic Center. Palo Alto, CA
Radiant Health Resources
Raphael Association
Realty Electronics, Fond du lac, WI
Safe Water Association. Inc.. Fond du lac. WI
Safe Water Coalition. Inc.
Safe Water Coalition of Washington State
Safe Water Foundation of Texas
Solari° County Local Control Movement Committee
Smith Welding. Hanford. CA
Sib° Tool Die Co., Redwood City. CA
Thermalito Irrigation District
Transition Dynamics
Women
'S Heaith Letter
369 Individuals

TO
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BILL ANALYSIS

SENATE RULES COMMITTEE
Office of Senate Floor Analyses
1020 N Street, Suite 524
(916) 445-6614
Fax; (916) 327-4478

THIRD READING

Bill No: A.B . 733
Speier (D), et al
Author;
Amended: 8/29/95 in Senate
Vote:
21

5-2, 7112/95
SENATE HEALTH & HUMAN SERV. COMMITTEE:
AYES: Hughes, Leslie, Maddy, Polanco, ThoMpson
NOES: Haynes, Mello
NOT VOTING: Watson, Solis
SENATE APPROPRIATIONS COMMITTEE:
6-3, 8/26/95
AYES: Johnston-, Alquist, Calderon, Dills, Hughes, Kelley,
Killea, Leslie
NOES: Leonard, Mello, Mountjoy
NOT VOTING: LeWis, Polanco
ASSEMBLY FLOOR:

48-181 6/2/95- See last page for vote

SUBJECT:

Drinking water: fluoridation.

SOURCE:

Author

DIGEST:
This bill requires the Department of Health
Services to Adopt regulations requiring public water
systems with at least 10,000 connections to fluoridate the
water provided to their customers.
ANALYSIS:

Existing law:

1. Requires the Department of Health Services (DHS) to
regulate drinking water and to establish standards for
CONTINUED

FEB-02-1999 113 : 05 FROM INFORMATION SYSTEMS

TO

0150534082972678 P.13

AB 733
Page 8
Ongoing costs

Local costs covered by water
fees or other unspecified
sources

Denti-Cal savings Tens of millions annually

General
federal

Capital costs to fluoridate all affected systems are
estimated at about $45 million. Annual operating costs for
all affected systems could reach $15 million, paid for by
fees if the local system choose to fund these costs
themselves.
SUPPORT:

(Verified 8/29/95)

The following groups were listed with the author's office:
Alliance of the California Dental Associations
American College of Obstetricians and Gynecologists
American Dental . Association
California AssOciation of Hospitals and Health Systems'
California Association of Oral and Maxillofacial Surgeons
California Conference of Local Directors of Health
Education
California Conference of Local Health Officers
California Congress of Parents, Teachers, and Students,
Inc.
California Dental Hygienists Association
California Dental Association
California Dietetic Association
California Chamber of Commerce
California Fluoridation Task Force
California Medical AssociatiOn
California Nurses Association
California'Public Health Association, North
California School Nurses Organization
California Society of Pediatric Dentists
Century Dental Plan
Children's Advocacy Institute
Children's Hospital and Health Center of San Diego
Children NOW
Cities of Los Angeles, Sacramento
CONTINUED
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AS 733
Page 9
Colusa County Office of Education Children's Services
County of Los Angeles Child Health and Disability
Prevention Program
County of Sacramento Department of Health and Human
Services
County of San Mateo
County of San Mateo Health Services Agency
County of San Luis Obispo Health Agency
Dental Coalition of San Mateo County
Dental Health Foundation
Department of Health Services
Huntington Dental Group
Kaiser Permanente
Los Angeles Roundtable for Children
Maternal Child and Adolescent Health Advisory Board
National Institute of Dental Research
National Cancer Institute
Older Women's League
Planning and Conservation League
Sacramento County Department of Health and Human Services
Sacramento District Dental Foundation
Sacramento Urban Indian Health Project
San Benito County Health Services
San Diego Children's Hospital and Medical Center
San Diego County Dental Society
San Diego Fluoridation Coalition
San Diego 9th District PTA
San Diego State Graduate School of Public Health
San Francisco Dental Society
Santa Rosa Memorial Hospital
Santa Rosa Dental Health Foundation

CONTINUED
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Page 10
Shasta Community Health Center
Sierra Dental Study Club
Sonoma County Indian Health Project, Inc.
Southern Alameda County Dental Society
Southern California Public Health Association
Tehama County Health Agency
University of California at San. Francisco American Student
Dental Assbciation
University of California at San Francisco Dental Alumni
Association •
University of California, Los Angeles, School of Public
Health
University of Southern California School of Dentistry
University of the Pacific School of Dentistry
Ventura County Public Health
Western Pedodontic and Odontic Society
Youth Law Center
Numerous individuals
The following groups were listed on the Senate Health and
Human Services Committee analysis:
Alliance for Children's Rights
American Cancer Institute
American Medical Association
California Conference of Local Directors of Maternal,
Child, and Adolescent Health
Center for Disease Control
County of Los Angeles Department of Health Services
Dental Coalition for Needy Children
Dental Consultant Center, Huntington Park
Director of Dental Hygiene, West Los Angeles College
Healthy Los Angeles 2000
Los Angeles Free Clinic
Los Angeles Dental Society
Public Health Service
San Diego American Indian Society
Sonoma County Maternal, Child & Adolescent Health Advisory
Board
Westside Pediatric Dental Group, Santa Monica

CONTINUED
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Page 11
OPPOSITION:

(Verified 6/29/95)

The following groups were listed with the-author's office:
Association of California Water Agencies
California Municipal Utilities Association
California Naturopathic Association
California Water Association
Citizens for Health
City of Fresno Water Division
Committee for Freedom of Choice in Medicine, Inc.
Independent Cities Association
Lake Tahoe Public Utility District
Mesa Consolidated Water District
Metropolitan Water District of Southern California
Municipal Water District of Orange County
National Nutritional Foods Association
North Marin Water District
Orange County Water District
Safe Water Coalition, Inc.
San Francisco Citizens for Health
San Gabriel Valley Water Association
Santa Clara Valley Water District
Thermalito.Irrigation District
Western Municipal Water District
The following groups were listed on the Senate Health and
Human Services Committee analysis:
Ad Hoc Committee for Clean Water, Occidental, CA
American Herbalists Guild
American Preventive Medical Association
Autism Research Institute
Axiom Counseling Team (ACT), Riverside
Coldwell Banker, Encinadd
California Association of Naturopathic Physicians (CAN?)
California Citizens for Health
Californians for Safe Water, San Jose
Cancer Control Society
Clarks Nutritional Center, Inc., Riverside County
Committee for Universal Security
Creative Health Network
Doctor Hill's Technologies
Environmental Dental Association
CONTINUED
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•

FACT (Foundation for Advancement in Cancer Therapy), San
Francisco
.FANE (Foundation for the Advancement 3f Nutritional
Education)
Health Acticn Network
Health Alliance International, Fluoridation Information
Specialist Walter'
Miller
Independent Cities Association
IAAHM (International Academy of Alternative Health and
Medicine)
Kepper Chiropractic
Libertarian Party of Riverside County
Marianne's Perfumerie, Failbrook
Montebello. Land and Water Company
Mt, Diablo Natural Health Center
Naldo-Ricketts Realty, El Cajon
National Association of Citiiens for Health
National Association of Naturopathic Physicians (NAN?)
National Health Federation, Sacramento Chapter
National Pure Water Association
Natural Health Center, Concord
New York State Coalition Opposed to Fluoridation, Inc.
New York State Congress of Parents and Teachers, Inc. •
Paradise Irrigation District, Paradise
People for Reason in Science and Medicine
Pure Food Campaign, Riverside
Quantum Chiropractic Center, Palc'Alto
Radiant Health Resources
Raphael Association
Realty Electronics, Fond du Lao, WI
Safe Water Association, Inc., Fond du Lac, WI
Safe Water Coalition of Washington State
Safe Water Foundation of Texas
Solano County Local Control Movement Committee'
Smith Welding, Hanford
. .
Sibc Tool & Die . Co., Redwood.City
Transition Dynamics
Women's Health Letter
Numerous individuals
ARGUMENTS IN . SUPPORT:
Proponents state that over the
last 50 years, studies have shown that fluoridated water
has no harmful effects on humans or the environment.
CONTINUED
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CHRONIC FLUORINE INTOXICATION

Distribution of the element fluorine is so widespread
throughout nature that a small intake of the element is
practicall y unavoidable. Fluorides are general protoplasmic poisons. probably because of their capacity to
modify the metabolism of cells b y changing the permeability of the cell membrane and by inhibiting certain
enzyme systems. The exact mechanism of such actions
is obscure. The sources of fluorine intoxication are
drinking water containing 1 part per million or more
of fluorine, fluorine compounds used as insecticidal
sprays for fruits and vegetables (cryolite and barium
fluosilicate) and the mining and conversion of phosphate rock to superphosphate, which is used as fertilizer.
The fluorine content of phosphate rock is about 4 per
cent. During conversion to superphosphate, about 25
per cent of the fluorine present is volatilized and represents a pouring into the atmosphere of approximately
25,000 tons of pure fluorine annually. Another source
of fluorine intoxication is from the fluorides used in the
smelting of man y metals, such as steel and aluminum,
and in the production of glass. enamel and brick.
The known effects of chronic fluorine intoxication are
those of hypoplasia of the teeth, which has been called
mottled enamel, and of bone sclerosis. The classic
epidemiologie studies of McKay clearly demonstrated
the relationship of the fluorine content of the domestic
wa t er supply to the anomaly of mottled enamel of the
teeth. The condition is now known to be endemic in
isolated communities on every continent. In the United
F. 5.:
Enamel: Tie Prrivention of lt5
al Oagky,
the \ a t er
Pr...lilt:1mi Through a Change
3. .1m. Dent: A. 20: 1137 iJul i
•33.

and McKay succeeded in the unique epidentiologic
e N perinient of arresting the producti4.,n nf the endemic
mottled enamel at Oakley. Ida.. Bauxite. Ark.. and
.\/),Ioyer, S. D.. by changing the common water supply
inc containing amounts of fluorides toxic to calcif y ing dental enamel to one the fluoride ci,ittent
‘ vitich does not exceed the permis:sible maximum, i. e.
1 part per million. Children using domestic waters containing as little as 1 part per million of fluorine experience only a half to a third as much dental deca y as
comparable groups using fluoride-free water, such as the
Lake Michigan or the Mississippi River waters. The
same inverse relationship has been observed in England,
South India and North Africa. Apparently teeth require
traces of fluorine for optimum dental health, although
excessive amounts may result in the disfiguring condition known as mottled enamel.
NI011er and Gudjonsson 3 described in 1932 a peculiar
form of bone sclerosis in workers exposed to crvolite
dust for a number of years. An exhaustive study of
the various aspects of fluorine intoxication was made
Roholm. 4 Loss of weight. impairment of growth
in Young persons, loss of appetite, anemia and cachexia
are mentioned among the general symptoms of chronic
intoxication. Cases of fluorine osteosclerosis were
reported by Wilkie,' Bishop,' Shorn,' Pandit and his
associates S and Linsman and McMurray." The bone
changes are those of thickening of the bone lamina and
an increase in the whiteness of the bone shadows on the
roentgenogram to an actual opacity of the bones and
calcification of the ligamentous attachments. Anemia
teas present in some of the cases and was probably due
to the displacement of the bone marrow by thickened
trabeculae. In Pandit's experience, continued residence
fifteen years in the endemic area was necessary
in the case of adults to bring about symptoms of chronic
intoxication. The incidence and severity of the disease

over

had a definite relationship to the economic and nutritional status of the community. A pronounced deficiency of the vitamin C factor in the diet was especially associated with a severe incidence of the disease.
Factors other than the amount of fluorine in the water
supply may assume a contributory role in the development of chronic fluorine. intoxication.
2. Dean, H. T., and McKay, F. S.: Production of Mottled Enamel
Halted by a Change in Common Water Supply, Am. J. Pub. Health 29:
590 (June) 1939.
3. Moller, F. P., and Gudjonsson, V.: Acta radiol. 13: 269. 1932.
4. Roholm. K.: -Fluorine Intoxication," London. H. K. Lewis, 1937.
S. Wilkie, J.: Two Cases of Fluorine Osteosclerosis, Brit. J. Radio!.
13: 2I3 (June) 1940.
6. Bishop. P. A.: Bone Changes in Chronic Fluorine Intoxication,
Am. J. Roentgenol. 33: 577 (May) 1936.
7. Shortt: Indian J. M. Res. 25, 1937.
3. Pandit, C. G.: Raghavachari, T. N.; Rao, D. Subba. and K:iih.
n araurti, V.: Endemic Fluorosis in South India: A Study of the Factnrs
Involved in the Production of Mottled Enamel in Children and Severe
Ilone Manifestation; in Adults. Indiana J. NI. Res. 23: 533 OCI.1
9 . (.:n.F. Tnall, 3. F.. and McMurray. C. A.: Fluoride Oiceosdertoii3
Drinking Water. Radiology 40: 474 ' ( May ) :943.
.
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radiography. it seems from the present series of uutoradiographs (figs. 4, 5 and 7) that the sequence is comparable lo
that of hone and dentine, the area of entry being at the outer
surface and the area of dissolution at the dentino-eementutn
junction.
The eyed of fluorine feeding. Several explanations have
been proposed • in the literature for the cause of the manifestations of chronic fluorosis in lames mid teeth. On the one
hand, the formation and accumulation of calcium fluoride
(Lowater and 'Murray, '37) or the incorporation of fluorine
in the apatite crystal 'alerould, '45; NOW111i111, NeW1118/1, M11111,
O'Leary and Smith, '50), svem to produce an increase ifil.\
minerals, greater radiopacity and larger and less well oriented
crystallitesN(Reynolds, Corrigan, Haydeti, Macy and Iln»seller, '38).
Fluorine, on the other hand, has been found to be at cytoplasmic poison, causing the atrophy of the ameloblasts and
of the enamel organ (Schour and Smith, '34, and '43; Irving
and Nienaber, '46; Bauer, '45), but at
having no
effect on the odontoblasts. It has been said (Irving, '43) to
affect the quality of the organic portion of dentine. It has
also been found to have inhibitory effects on various enzymes,
particularly on lame phosphatase (de Eds, '33; and Miller,
'38).
The present studies reveal at definite retardation in the
rate of transit of the Ca45 tracer (figs. 3, 9, 10, 11 and 12)
in both the dentine and cementum and an irregular pattern
of growth (figs. 10 and 13).
Bough measurements have shown that there has been some
growth in length of the incisors in all animals from the 10day and 45-day stages. The incisor teeth of rats have been
known to continue growing under similar circumstances (Sebrell, Dean, Elvone and Breaux, '33; :Nice:dim et al., '25).
Also, the counts obtained over the crown and root of sections (table 1) have shown a comparable intake of 0a45 by
the teeth of the animals mate y different experimental conditions.
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On the other hand, the histological sections (fig. 10), and
especially the microroentgenographs (fig. 13), have revealed
important differences between the dentine formed under normal conditions and that laid down in presence of 1000
of sodium fluoride.
As appreciated by radiopacity, the dentine formed in presence of fluorine appeared less dense than that formed normally. On the other hand, the granular appearance of the
dentine formed in the presence of fluorine, can be interpreted
as representing abnormal crystalline depositions, or at least
abnormal crystalline arrangement, resitonsible for the irregular outline of the dentinal tubules as observed microscopically
in ground sections of tissue.
The abnormal serrated edge of the proximal portion of
dentine demonstrated by microroentgenography (fig. 13)
seems to indicate a deficiency in the dentine forming mechanism, distinct from the variations in the mineral pattern.
This could be attributed to the cytotoxic effect ' of fluorine
already reported (Irving, '43). It is probably this phenomenon
which is responsible for the wavy, coarse bands of the autoradiographic pattern (figs. 9. 11, 12) and which is seen to be
more apparent in the areas of more »dense growth. The
retarded migration of the radioactive band and its irregular
appearance would thus be caused by a combination poisoning
effect of the fluorine and disturbances in the mineral pattern.
The regidar appearance of the autoradiographic band at the
border of the dentine (fig. 4), three days after a diet of 1%
fluoride has been instituted. would .seem to indicate that the
eytotoxic effects of fluoride are more manifest in dentine
formation after a long treatment with much smaller daily
amounts. Finally, under the present experimental conditions.
Ihe disturbance in the mineral deposition seen after 75 days
of treatment does not seem to have produced hypermincrahzillion (fig. 13 and (ahle 1).
SUMMARY
T110 entry and transit of a tracer dose of Ca45 has been
visualized by autoradiography in the incisor teeth of pigs

FLUORIDE
AGIN
The Aging Factor
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ENZYME INHIBITION BY FLUORIDE AT
1 PART PER MILLION OR LESS
Enzyme
Aretylcholinesterase
t:Intamine Synthetase
I)NA Repair Enzyme System
Lactoperoxidase
l'terin Deaminase
Alkaline Pyrophosphatase
Deaminase
lintyrylcholinesterase
Al'Pase
Phosphomonoesterase
Acid Glycerol Phosphatase

Fluoride
Concentration
lppm
lPPrn
1PPrn
1ppm
0.6ppm
0.4ppm
0.3ppm
0.3ppm
0.2 ppm
0.2 ppm
0.1ppm

Percent
Inhibition
61%
100%
50%
50%
50%
52%
% not reported
% not reported
% not reported
% not reported
% not reported

In an effort to down play the importance of this evidence, suppirters of fluoridation have claimed that soft-tissue levels of
Ilielride (for example, the amount of fluoride in kidney, thyroid,
spleen, etc.), even in people drinking fluoridated water, would
' lever reach 1 part per million. Therefore, they maintained, the
levels of fluoride necessary to inhibit these important enzymes
would never be found in these tissues. This claim is incorrect, as
can be seen in the table below.

ACCUMULATION OF FLUORIDE RESULTING FROM
FLUORIDE EXPOSURE
Fluoride Concentrations in Organs of People
In 1960-65
In 1939
After Fluoridation
Before Fluoridation
Began in the US.
Began in the U.S.
!train
(cart
kidney
I Aver
Lung
Spleen
'ancreas
Thyroid

0.53 ppm
0.51 ppm
0.68 ppm
0.54 ppm
0.27 ppm
0.28 ppm
not reported
not reported

1.5 ppra
1.8 ppm
2.3 ppm
1.4 ppm
2.1 ppm
1.8 ppm
1.7 ppm
4.0 ppm

The Prime Target
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This table shows that, in 1939, before fluoridation of public
water supplies was begun in the United States, soft-tissue levels
of fluoride were already found to contain about 0.5 part per
million fluoride.
Between 1960 and 1965, soft-tissue fluoride levels were
taken from the bodies of people who had lived in the greater Salt.
Lake City Area, which wasn't even fluoridated.' Their fluoride
came only from foods and beverages shipped in from the neighboring fluoridated areas of San Francisco (fluoridated in 1952)
and Denver (fluoridated in 1954), and from whatever industrial
fluoride pollution of air and water there may have been in the
vicinity. Even this indirect increase in exposure was enough to
raise soft-tissue fluoride levels to 1.4-4.0 parts per million. More
recent work by Dr. F. Geeraerts and co-workers from Vrije
University in Brussels indicates a very active uptake of fluoride
by the liver.
Additional enzymes which are inhibited at 2 parts per
million fluoride, levels comparable to those found in the soft
tissues of people exposed to fluoride, include: citrullinase,
carbonic anhydrase, phosphatase, isocitric dehydmgenase, acid
phosphatase, acetyl-CoA synthetase, lipase, and betaglycerophosphatase.
•

It's quite evident that fluoride levels found in human tissues
inhibit certain enzymes. The list of fluoride-sensitive enzymes
presented in this chapter is by no means exhaustive.
It has been estimated that each cell contains thousands of
different enzymes. It seems safe to say, based on the relatively
few studies that have been done; that fluoride inhibits over WO
different enzymes in the soft tissues of people in fluoridated
areas.
• Thus, since enzymes are present in all living cells and are
responsible for virtually all living processes, it is not surprising
that fluoride can cause such a wide variety of ill-effects.

'Similar data for people living in fluoridated areas has not yet been reported.

FACTO
How to Recognize and Avoid the
Devastating Effects of Fluoride
Dr. John Yientouyitutrula
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It has frequently been stated that
separation of sprues is caused by the use
of certain types of casting machines. (Attention is again directed to the fact that
this paper deals only with direct-pressure
casting machines.) If it is assumed that
the mechanical design of the machine allows sufficient and sustained pressure, the
resulting incomplete castings should be
attributed to the condition of the machine
(and the flask) rather than to the type
of machine. If the asbestos sealing pad
of the machine is defective or the upper

tt,

border of the casting flask is uneven, an
air-tight seal is not insured. Hence, the
pressure may be insufficient or not sufficiently sustained to complete the casting.
This treatise on the causes of discontinuity of metal in sprues during pressure-casting is not written with the idea
of completeness or infallibility, but
rather with the thought of stimulating
interest in the subject to the end that the
problems of the casting process may be
ultimately solved. Criticisms and suggestions are, therefore, solicited.

FLUORINE IN RELATION TO BONE AND
TOOTH DEVELOPMENT*
By FLOYD DeEDS, Ph.D., San Francisco, Calif.

OR many years, a pathologic condiF tion known as enamel dystrophy, or
mottling of the enamel, has been of
interest to the dental profession, especially in certain areas where the condition is endemic and involves a large percentage of the population. Within the
last few years, interest in this pathologic
condition has been intensified by the discovery that fluorine is the etiologic factor.
The history of chronic fluorine poisoning is an interesting chapter in the relationship of public health to chemical elements and compounds capable of inducing chronic intoxication. The time allotted to this discussion does not permit a
complete review of the subject. Instead,
*Presented at the Annual Meeting of the
California State Dental Association, April 9,
1935.
From the Bureau of Chemistry and Soils,
United States Department of Agriculture, at
the Department of Pharmacology, Stanford
University School of Medicine.
Jour. .4.D..4., Vol. 23, 1 pril, 1936

mention will be made of a few of the
main points of interest. For more detailed information, reference is made to
the review published in Medicine.'
Fluorine is one of the most widely distributed elements. In the first mile of
the earth's crust, it is said to rank twentieth. Not only is there a wide distribution of inorganic fluorine, but also, in
vegetable tissues and in the bones and
teeth of man and the lower animals, the
element occurs as calcium fluoride in
proportions ranging from traces up to 2
per cent, or even more. In view of the
wide distribution of fluorine in inanimate
nature, it is not surprising that it is found
in many living forms. Its occurrence in
the bones and teeth of man and the lower
animals has led to the belief that fluorine
plays some important biologic role.
It is entirely possible that the presence
I. DeEds, Floyd: Medicine, 12:1-60 (Feb.)
1933.

De Eds—Fluorine in Relation to Bone and Tooth Development
of fluorine in animal tissues is an expression of the inevitable tendency to establish a chemical equilibrium between
the organism and its environment. The
distribution of fluorine in the tissues may
be explained on the basis of its chemical
characteristics. The low solubility of the
calcium salt accounts for its accumulation in the bones and teeth. Fluorine occurs in the mineral apatite in combination with phosphate. It is, therefore, not
surprising that Gautier and Clausmann=
found that th'. 11uorine of the tissues is
localized in a specific manner, and that
fluorine accompanies the alkaline earth
phosphates and increases with them.
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age. By feeding rats an experimental diet
in which care was taken to keep the fluorine content at a minimum, the following observations were made: Reproduction was unaffected ; the fluorine content
of the bones could be "reduced to between 6 and 25 parts per 1,000,000, and
could be eliminated from the teeth, without showing any gross deleterious effect";
and no change was produced in the calcium to phosphorus ratio in the bones.
This evidence supports the idea that fluorine plays no important useful biologic
role.
On the contrary, there is an increasing volume of evidence of the injurious

11117:111111111111111111111111111111111111111111111111111111111111111111MIIIMIMillimitnik
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Fig. 1.—Litter mates showing inhibition of growth by 0.1 per cent sodium fluoride in diet.

Studies by Sharpless and McCollum3
furnish information regarding the biologic rOle of fluorine. They found that
young rats (aged from 16 to 18 days)
contain little, if any, fluorine; whereas.
adult rats have considerable fluorine in
the bones and teeth, the amount varying
with the diet fed and increasing with
2. Gautier, A., and Clausr-2nn, P.: Compt.
Rend. de l'Acad. de Sc., 156:94, 1425, 1913.
3. Sharpless, G. R., and McCollum, E. V.:
J. Nutrition, 6:163 (March) 1933.

effects of fluorine, especially the chronic
intoxication resulting from the ingestion
of minute amounts of fluorine over long
periods of time. The studies conducted
by Dr. Smith and her co-workers at the
University of Arizona have shown that
1 part, and possibly 0.8 part of fluorine,
per million parts of water will produce
definite signs of enamel dystrophy in
children born and reared in an endemic
area. Such data enable us to calculate
the approximate dosage of fluorine per

ir
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white rat when the dosage is from 0.0015
to 0.0050 mg. per kilogram of body
weight per day. Such a comparison of
toxicity data suggests that fluorine, lead
and arsenic belong to the same group, as
far as ability to cause some symptom of
toxicity in minute dosage is concerned.
Thus far, the ability of fluorine to induce chronic intoxication when administered in minute amounts over long
periods of time has been considered. Let
us now pass on to the general actions of
fluorine and its action on bones and teeth.
Fluorine, a general protoplasmic
poison, exerts a strong inhibitory action
on many enzymes. The more complex
inorganic compounds containing fluorine
are frequently toxic because of a direct
action of the compound itself, or because
of a conversion of the complex compound,
as by hydrolysis, into simpler compounds,
such as the simple fluorides. Similarly.
many organic compounds containing fluorine are toxic because of a liberation of
fluorine in the presence of protoplasm.
Moreover, even in the absence of such
disintegration of the organic molecule
with liberation of fluorine, the presence
of fluorine in the molecule often enhances the toxicity of an organic compound. It has been shown by Lehmann4
Fig. 2.—Overgrowth of rat incisor. The diet
contained 0.05 per cent cryolite.
that the introduction of fluorine into the
side chain of aromatic compounds, such
It is interesting to compare this value
as toluene and m-toluidine, increased the
for the injurious fluorine dosage with
toxicity to frogs.
the values that have been determined exThe toxic effect of fluorine compounds
perimentally for lead and arsenic in the
on yeast has been studied by Effront 5 and
white rat. Lead acetate added to the
by Arthus and Gavelle. 6 The use of anfood will check the growth and appetite
tiseptics, especially fluorine, in distillerof the white rat when a dosage of from
ies has been reviewed by Cluss. 7 Weh0.0007 to 0.1500 mg. per day per kilo4. Lehmann, F.: Arch. I. Exper. Path. u.
gram of body weight is administered.
Pharmakol., 130:250, 1928.
5. Effront, J.: 1891, J. Chem. Soc., A. 1532,
This wide dosage range is due to varia1891; A. 905, 1892; A. II, 425, 1894.
tion in susceptibility of the rats and to
Arthus and Gavelle: Compt. Rend. Soc.
variation in the severity of the symp- de6.Biol.,
55:1481, 1903.
toms. Addition of arsenic trioxide to the
7. Cluss, A.: J. Soc. Chem. Ind., 13:533,
food causes loss of body weight in the 1394.

unit of body weight per day capable of
producing a definite degree of tooth injury in the majority of children. During
the first six years of life, the body weight
ranges from approximately 7 pounds at
birth to about 40 pounds at the age of 6.
The average weight during this period
is about 25 pounds, or 12 kg. If it is
assumed that the average daily water intake is 1 quart, or 1 liter, a fluorine content of 0.8 part per million parts water
would mean a fluorine intake of 0.0008
gm. per day, which for 12 kg. of body
weight would be 0.07 mg. per day per
kilogram of body weight.
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bility of an interference with metabo-

merg has shown that the use of flourine
compounds, particularly hydrofluoric and
hydrofluosilicic acid, and their salts, prevents the growth of saprophytic bacteria
and decay-producing organisms in wood.
These points have a practical bearing on
the public health because of the potential
sources of fluorine toxicity for man.
The toxic effect of fluorides is manifested on many enzymes, those organic
catalysts that may be separated from living, organized protoplasm. Amberg and
Loevenhart° have demonstrated the inhibitory effect of fluorides in high dilution on lipase. Clifford" has shown that
the enzymatic clotting of milk is inhib25
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20,4
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lism and with the enzymatic processes
associated with normal bone and tooth
formation.
It has been shown in our laboratory"
that fourteen parts of fluorine per million parts of diet will produce a noticeable degree of bleaching of the incisor
teeth of the albino rat, regardless of
whether the fluorine is added to the diet
in the form of sodium fluoride, sodium
fluosilicate, barium fluosilicate or sodium
aluminum fluoride (cryolite). This effect occurs in spite of the marked differences in water solubility of these compounds. Less delicate criteria of toxicity,
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Fig. 3.—Diminution of bone phosphatase activity in fluorino poisoning.
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ited by the addition of the fluoride of
sodium, potassium or lithium. The inhibition of coagulation occurs suddenly

and at a definite molarity of added fluoride. A difference of 0.0036 molar
changes the time of clotting, which usually occurs in from five to thirteen minutes, to an absence of clotting in from
four to six hours. The toxic effects of
fluorine on enzymes suggest the possi8. Wehmer, C.: Chem. Ztschr., 38:114, 122.
9. Amberg, S., and Loevenhart, A. S.: J.
Biol. Chem., 4:149, 1908.
10. Clifford, W. M.: Biochem. J., 22:1128,
1928.

such as inhibition of growth, indicate

that the more soluble fluorides are the
more toxic. Figure 1 shows the marked
inhibition of growth caused by the addition of 0.1 per cent sodium fluoride in
the diet for a period of twenty-four days.
In addition to bleaching of the incisors, other effects are induced in the

rat by ingestion of fluorine. The teeth
are more subject to breakage. As a result
of loosening in the sockets, the normal
11. DeEds, Floyd, and Thomas, J. 0.: Proc.
Soc. Exper. Biol. & Med., 31:824-825 (April)
1934.
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apposition of the incisors may be prevented, marked overgrowth resulting.
(Fig. 2.) The rat shown in Figure 2
had been on a diet containing 0.05 per
cent cryolite for three months, although
pronounced bleaching of the incisors and
definite overgrowth was evident at the
end of six weeks.
When examined at necropsy, the ribs
of fluorine-poisoned rats are seen to be
whiter, thinner and more fragile than
those of control rats. Alteration in the
jaw bones caused by chronic fluorine

mechanism of the injury. The work of
R. Robinson" has definitely established
the significance of phosphoric esters in
metabolism and the importance of the
enzyme phosphatase in hydrolyzing these
esters, the liberated phosphate ion being
utilized in the process of calcification.
Because of the action of fluorine compounds on enzymes in general, it seemed
logical to investigate the action of fluorine
on the enzyme phosphatase.
It has been claimed by P. H. Phillips"
that chronic fluorine poisoning of heifers
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Fig. 4.—Exostosis in cattle produced by presence of volcanic ash on vegetation in Iceland.
(Figures 4 and 5 from Nordisk medicinsk tidskrift, Aug. 25, 1934.)

poisoning has been the subject of investigation by W. Pachalv." By vital staining with alizarin, he demonstrated the
interference with calcium deposition in
the maxillary bone.
Biochemical evidence obtained in our
laboratory has given information with regard both to bone injury produced by
chronic fluorine poisoning and to the
12. Pachaly, W.: Arch. f. Exper. Path. u.
Pharmakol., 166:1, 1932.

and swine is characterized by an increase
in plasma phosphatase. Attempts in this
laboratory to study plasma phosphatase
in rats failed to yield any conclusive results. Therefore, attention was turned
to a study of bone phosphatase.
'When the bone phosphatase of fluorine-fed rats was compared with that of
13. Robinson, R.: Biochem. J., 17:286, 1923;
Ergebnisse der Enzymforschung, 1:280, 1932.
14. Phillips, P. H.: Science, 76:239, 1932.
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control rats, it was found that fluorine
toxicity was associated with a decrease in
bone phosphatase activity up to age limits of about 30 days. This relationship
exists only under strictly controlled conditions.
The control and experimental rats
must be obtained from litters of the same
size, and within I or 2 days of the same
age. Two rats having litters within one
or two days of each other were selected,
and the larger litter was reduced in number to that of the smaller. Within one

573

and, after muscle and tendon tissues were
carefully removed, determinations of
bone phosphatase activity were made on
the combined femur, fibula and tibia.
Figure 3 illustrates the correlation between bone phosphatase activity and
fluorine poisoning.
In addition to this correlation, it was
found that the extent to which the bone
phosphatase activity of the experimental
rats deviated from that of the controls
agreed roughly with the deviation of the
growth curve from the normal. The more

Fig. 5.—Exostosis produced experimentally in sheep by addition of sodium fluoride to diet.

day after delivery of the litters, one of
the mother rats was placed on a diet containing fluorine, the other mother rat being allowed to remain on the normal control diet. Up to the time of weaning, the
only source of fluorine for the young rats
in the experimental group was the mother's milk.
At five-day intervals, one control rat
and one experimental rat were killed,

the experimental growth curve approximated a normal growth curve, the less the
deviation in bone phosphatase activity.
To what extent can these results obtained in vivo be duplicated in vitro? To
answer this question, and to obtain further information on the mechanism of
fluorine poisoning, the ability of an active bone phosphatase preparation to hydrolyze sodium glycerophosphate in the
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presence of varying molar concentrations
of sodium fluoride was studied. It was
found that sodium fluoride decreased the
activity of bone phosphatase and that the
inhibition was roughly proportional to
the fluoride concentration and could be
demonstrated in a concentration as low
as one two-hundredth molar.
Fluorine toxicity is far from being confined to modern times. Recently, attention was drawn to an article entitled
"Fluorosis in Sheep in Iceland After Volcanic Eruptions,"" giving evidence of
fluorine poisoning in Iceland, 1,000 years
ago. The author shows that the sheep
and the cattle of Iceland have been periodically afflicted with a pecular pathologic condition of the bones after a volcanic eruption. Figure 4 shows the pecular spongy bone growth over the normal
bone in a specimen on exhibit in the museum at Copenhagen, Denmark. Figure
5 shows the apparently identical formation induced by that author by feeding
sodium fluoride to sheep in a dose of 15
mg. of sodium fluoride per kilogram of
body weight.
In the investigations of Taylor." Reed
15. Nord. med. tidskr., 8:1093-1102 (Aug.
28) 1934.
16. Taylor, C. E. T.: Mich. Agr. Exper.
Sta., Quart. Bull., 2, 1929, p. 101.

and Huffman" and Phillips, Hart and
Bohstedt, 18 exostosis of the long bones
was produced in dairy cows by feeding
diets containing fluorine.
CONCLUSION

Fluorine is one of the widely distributed elements. It occurs in many foods
in small amounts. It occurs in many
water supplies, and, in certain regions.
its presence in the water is the cause of
mottling of the enamel of the teeth.
Fluorine is a general protoplasmic
poison, but the most important symptoms of chronic fluorine poisoning
known at present are mottling of the
teeth and interference with bone formation.
It is virtually impossible to avoid a
small fluorine intake, just as it is virtually impossible to avoid a small lead intake, but when the threshold value is exceeded, as it is in drinking water containing one or more parts of fluorine per
1,000,000, detectable signs of toxicity appear.
17. Reed, 0. E., and Huffman, C. F.: Mich.
Agr. Exper. Sta., Tech. Bull., 1930, p. 105.
18. Phillips, P. H.; Hart, E. B., and Bobstedt, G.: Univ. Wisconsin Agr. Exper. Sta.,
Res. Bull., 1934, p. 123.
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A Toxicological Profile by the U.S. Dept. of Health and Human Services, Public Health Service, Agency for
Toxic Substances and Disease Registry (ATSDR) TP-91/17
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2. HEALTH EFFECTS

literature on fluoride toxicity concerns sodium fluoride. Additional toxicity
literature is available on some other forms of fluoride, such as stannous
fluoride. Other forms of fluoride are discussed only if exposure is likely to
occur at a hazardous waste site. (Such exposure to stannous fluoride is not
likely.) Wherever the form of fluoride exposure is known, that salt is
identified in the profile.
Limited information also exists concerning occupational exposure to the
mineral cryolite (Na 3 k1F6 ), sometimes with concomitant exposure to hydrogen
fluoride. Because these exposures usually involve exposure to both hydrogen
fluoride and cryolite, sometimes along with exposure to other fluoride dusts,
they are discussed separately in the profile.
This profile will discuss data, or the absence of data, concerning the
toxicity of inorganic compounds of fluorine which people could be exposed to
at a hazardous waste site. Exposure and toxicity are discussed separately for
fluorine, hydrogen fluoride/hydrofluoric acid, and fluoride. Toxic effects of
occupational exposure in aluminum reduction plants, where exposure to hydrogen
fluoride, fluoride dusts, and cryolite all occur, are also discussed
separately. Because the toxic effects of fluorine are largely due to the
action of the fluorine molecule on the respiratory tract or other exposed
surfaces, fluorine exposure is reported as exposure to a level of diatomic
fluorine. By contrast, systemic effects of hydrogen fluoride are due to the
fluoride ion, so concentrations of hydrogen fluoride are converted to fluoride
equivalents. All doses of fluoride are reported as amount of fluoride ion.

Ar''

The primary routes and durations of concern vary with the different
fluorine compounds. In general, the more soluble the fluoride is, the more
that can be absorbed by oral ingestion, and the more toxic it is. The primary
exposure routes and duration for hydrofluoric acid are by the inhalation or
dermal routes, related to acute occupational exposure, while the primary
exposure route and duration for fluoride is chronic exposure to fluoride in
the drinking water (often as sodium fluoride) and in food. Therefore, most of
the information for the inhalation and dermal routes comes from studies of
acute exposure to fluorine or hydrofluoric acid, while most of the information
regarding the oral route is based on sodium fluoride. The toxicity following
inhalation or dermal exposure to other inorganic fluorine compounds differs
from that of hydrofluoric acid. Similarly, oral exposure to various fluorides
other than sodium fluoride may result in different toxic effects.
2.2 DISCUSSION OF HEALTH EFFECTS
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Table 7 - 1
Comparative Toxicity of Inorganic Fluorides°
E

treftwly roxic
Ifyifrogini fluoride (anhydrous)

HF

SiF 4

Silicon 101;211(10141e
Hydrof !urn ic acid (aqueous)
Hydiofloorosilicic acid

HF
I- 1

SiF
2

6

Nr)
ql„)

Very Toxic
Easily soluble fluorides and fluorosilicates
NaF

Sodium fluoride
Potassium fluoride
Ammonium fluoride
Sodium fluor osilicate

KF
NH4F
Na 2 SiF 6
2 SiF6 K

Potassium fluorosilicate
Ammonium fluor osilicaul

(NF14)2SiF6

Moderately Toxic
Poorly soluble (almost insoluble) fluorides
Cryolite

Na1A1F6

Calcium fluoride

CaF 2

•

Table 7-2

Fig. 7 . 1. Nut. Di. Meal Kai Rotiolio, 1902,1948.
Deputy City Health Unice; of COpelliltlyell:aUlil. of the lost
aiiil most cumpieliensi y e mosiugiffpli uo Hoof one toxicity:

Lethal Dose of Fluorides in Adult Guinea Pigs'
Compound
NaF
CaF 2
AlF
3
HF (aqueous)
1.1 SiF t,
2
Na 2 SiF 6
Al , (Sif= t.) 3

Oral (Ing/kg)
250
> 5,000
• 600

80
200
250
5,000

Subcutaneous (Ing/kg)
400
>5,000
3,000
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DILEMMA

100
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500
4,000
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100 Fluoride

100

i.e.. Sodiuni. barium. zinc
Toxicity Rating: 4. Clinical data indicate that the
sodium salt lies near the borderline between toxicity classes 4 and 5.-the rat oral LID50 is 80 mg./kg.
Although less toxic in animals, barium fluoride
may be as toxic in man as the sodium salt (or
perhaps slightly more toxic)., Calcium fluoride is_
comparatively benign (toxicity rating 3?) because
See also: Fluoride. Reference Congener in Section III.
Ref.: Lewis and Tatken. 1979.
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of its low solubility and low ionization. In terms of
acute toxicity, most fluorides presumably lie between the sodium and calcium salts. In terms of
the acute oral LDso in rats (75 mg./kg.). sodium
monofluorophosphate NIFP) is as toxic as sodium
fluoride and can produce systemic fluoride poisoning.

245 Lead
Most lead compounds lie in toxicity classes :3 or 4.7

See also: Lead. Reference Congener in Section III.
Ref: Fairhall and Sayers. 1940.

246 Lead Chromate

246
Chrome yellow

Toxicity Raring: 4. Closely related to basic lead

chromate. which is known as chrome red. One of
the more insoluble lead salts both in water and
acetic acid. Soluble in alkali and dilute nitric acid.
The most toxic lead salts are the carbonate, monoxide and sulfate presumably because they are
most soluble. Lead arsenate also belongs in this
group, but its higher toxicity is due in part to its

arsenic content. Lead chromate is less hazardous
than any member of this group whether given
parenterally. orally or by inhalation. Perhaps chromate poisoning plays a role in the acute reaction
'see Chromium trioxide in the Index) but signs of
chronic lead poisoning may appear weeks or
months after the initial insult.

See also: Lead, Reference Congener in Section III.
Ref.: Harrold et al.. 1944: Harrold. 1949: Fairhall and Sayers. 1940.
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247 Lead Dioxide
Lead peroxide
Toxicity Rating: 4. Pb0 2 is used for electrodes in
batteries. with amorphous phosphorus as an igni-

tion surface for matches, and as a catalytic activator for some epoxy resins. Presumably soluble in
See also: Lead. Reference Congener in Section III.
Ref.: Fairhall and Sayers. 1940.

acidic gastric juice. .Approximate LD 50 intraperitoneally in guinea pigs is 200 mg/kg. or about the
same as that of several soluble lead salts.
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principally the fluoride content of these supplies that are deficient in fluoride.
There have been several instances already where groups have promoted
fluoridation of the local water supply only to find that the supply already
contained the optimum amount.
The state sanitary engineer would be the only person to ask for an
opinion as to the quality of the operation of the local water plant. He has
dealt with the waterworks operator for many years, and he has an instant
reaction when you ask him what he thinks of the work of that particular
person who will control the success of the program in that town.
Then, of course, in order to answer the question about costs, he will have
to know pretty much in detail what fluoride compound is the best one to use
in the community, and what type of feeder and what type of other
equipment to use.
We in the Public Health Service are speaking of supplementing the
fluoride content. That, of course, involves knowing how much is already in
and how much you want to deliver to the consumers.
We believe that the optimum fluoride content varies in different parts
of the country. In those places where the environment stimulates a higher
water consumption, the fluoride content, we believe, should be lower._._
We will show the first slide which includes the complete data we have so
far on those places in this country where the fluorosis index has been
measured. ( see Page 30)
The biggest difficulty with this, and the biggest drawback, and the most
obvious reason for criticism, is the lack of data. Of course, we are all working
to get more data. These show that as the temperature rises, the fluorosis experience increases with the same fluoride concentration in the water. The
criterion that we have been using is that if there is some 10 to 20 percent
fluorosis in the community, that would not be objectionable, because in those
places the degree of intensity is not greater than the accepted designation
of "mild."
However, the data we have recently accumulated seem to indicate that
the temperature might not be the best means of measuring this phenomenon
—that is, in places where the daytime temperature is very hot, and the
nights are rather cool, you will get a mean temperature which is misleading.
It would be much better to measure this with the mean daytime temperature. Such data are not available at the present time from the weather
bureau reports.
From the standpoint of costs, of course, we are mostly concerned with
the type of fluoride to add and what size feeder to use.
From the engineering point of view, where you have a problem that can
be solved equally well in two different ways, and one can be done cheaper
than the other, we always try to use the one that can be done less expensively
See Page 31
This table includes the compounds which are possible sources of the
fluoride ion. The first one (calcium fluoride) we can probably rule out
cause of its very low solubility.
The last one (hydrofluoric acid) we would like to rule out also, although
It is being used in at least one place.
That leaves us then with three sources of fluorides, sodium fluoride,
sodium silicofluoride and hydrofluosilicic acid. From the last column you can
see that sodium fluoride costs a little over twice as much as sodium silica.
fluoride, and hydrofluosilicic acid costs three times as much.
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Total Fluoride Intake And Retention: What
Is The Current Statue C.M. WHITFORD".

Medical College of Georgia, Augusts, CA.
In regions with water fluoride levels (IF1) of 1.0
ppm, the incidence of dental caries is 50-601 lower
than in F -deficient areas. Dietary F intake by
formula-fed infants and young children in 1.0 ppm
- areas Si about 0.4 to 0.6 mg/day. In regions with
water (T) of 1.6 to 1.8 ppm, dental fluorosis begins to become a public health problem (Dean, '42).
Dietary F intake by the same age groups in these
higher (F) areas would be about 0.7 to 1.0 mg/day.
Therefore the margin of safety for this disturbance in mineralisation of, developing mnktmel is narim, Unlike Dean's •ub'ects today's children have
access to a variety of F -containing. products. The
intake of F associated with the use of the products
has not been included in estimates of F exposure.
The literature indicates that substantial amounts,
can be involved. Thus, some children in communities
with water (F) of 1.0 ppm may have total daily F
intakes within or in excess of the 0.7 to 1.0 mg/d
c range described above. Intake is only one side of \
the cuestion.'The phermacokinetics end balance of F
are not biologic constants within or between individuals and must also be considered. E.g., dietary** induced alterations in acid-base status and urine
pH can have profound effects on F balance.\Further,
recent data indicate that the height and frequency
of peak plasma ft] are involved in the development
of enamel fluorosis. One determinant of peak plasma
(F) is the rate of gastric absorption. Absorptio0.
(F)
*** Axe directly related to. gastric acidity, These
and other ohysiologic variables In F metebolism
as well as estimates of total F intake by U.S.
children will be discussed in this review of the
literature.
Supported by NIDR Crams DE 64332 and DE 04832.
•

•

•

• 111

*Fluoride affects more than teeth.
** "acid—base status (low pH) increases accumulation of fluoride.
*** Compounding the "dietary-induced" acid-base status and urine OH..
fluoride becomes hydrofluoric acid in the stomach.

' Health Effects of
Ingested fluoride

Subcommittee on Health Effects of ingeued FlUoride

Com:nines on Toxicology
Board on Environmental Studies and Toxicology
Commission on Life Sciences
National Research Council

The subcommittee found inconsistencies in the fluoride toxicity data
base and gaps in knowledge. Accordingly, it recommends further research in the areas of fluoride intake, dental fluorosis, bone strength and
fractures, and carcinogenicity. The subcommittee flirter recommends
that EPA's interim standard of 4 mg/L should be reviewed when results
of new research become available and, if necessary, revised accordingly.
NATIONAL ACADEMY-PRESS
Washington. D.C. 1993

INTAKE, hterAnousse, ANDS DISPOSITION OF FLUORIDE
RICOMIUNDATIONS

Further research is needed in the following areas:
• Determine and compare the intake of fluoride from all sources,
including fluoride-containing dental products, in tluoridated and nonfluoridated communities. That information would improve our understanding of trends in dental caries, dental fluorosis, and possibly other
disorders or diseases.
• Determine the effects of factors that affect human acid - base balance
and urinary pH on the metabolic characteristics, balance, and tissue
concentrations of fluoride.
• Determine the metabolic characteristics of fluoride in infants, young
children,. and the elderly: . •
• Determine prospectively the metabolic characteristics of fluoride in
patients with progressive renal disease.
• Using preparative and analytical methods now available, determine.-....- .
soft-tissue fluoride concentrations and their relation to plasma fluoride
concentrations. Consider the relation of tissue concentrations to variables
of interest., including past fluoride exposure and age. .
• Identify the compounds that • COMpOSO the Norganicfluoridepoor in •.
human plasma and determine their SCUMS, • metabolic characteristicS,..
fate, and biological importance.

DENTAL FLUOROSIS
RLsEAac

AZCONOMPIDATIONS

Studies should be coodected on the sources of fluoride during the
critical stages of toot development in children and on the contribution
of the various sources to dental fluorosis etiology. Such information
would permit more precise regulation of fluoride products to control
fluoros is while retaining fluoride's substantial cariostatic benefits.
Studies should be conducted on the relation between water fluoride
concentrations and dental fluorosis in various climatic zones. Findings
could serve as a basis for any needed revision of the 1962 PHS guidelines.
The lowest concentration of fluoride in toothpaste that produces acceptable cariostasis should be determined. That information would
permit the marketing of children's toothpastes that would retain anticaries
benefits while minimizing the risk of fluorosis.
Further studies should be conducted on the contribution of ingested
fluoride and fluoride applied topically to teeth to prevent caries. The
results would permit more efficient use of fluoride for caries prevention,
thus reducing the risk of fluorosis.

CAacuroanacrty
RICOMMINDATIONS
city. The subcommittee therefore recommends conducting one or more
highly focused, carefully designed analytical studies (case control or
cohort) of the cancer sites that are most highly suspect, based on data
from animal studies and the few suggestions of a carcinogenic effect
reported in the epidemiological literature. Such studies should be designed to gather information on individual study subjects so that adjustments can be made for the potential confounding effects of other risk
factors in analyses of individuals. Information on tluocide exposure from
sources other than water must be obtained, and estimates of exposure
from drinking water should be as accurate as possible. In addition,
analysis of fluoride in bone samples from patients and controls would be
valuable in inferring total lifetime exposure to fluoride. Among the
disease outcomes that warrant separate study are osteosarcomas and
cancers of the buccal cavity, kidney, and bones and joints.

1. If fluoridation becomes,;.a-=.state--wide,. mandate,.. California.
would be dumping over 14 million pounds of non-biodegradable
fluorides . into the .ecosystem. Where does it all_ go and

what. is: the

environmental. impact.

1. Researckv.should:ter4conducted.:.imslaboratoryand....,animals..
using:- the actual chemicals used in water fluoridation.
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MULLENIX, P. J., P. K. DENBESTEN, A. SCHUN1OR AND W. J. KERNAN. Neurotoxicity of sodium fluoride in
rats. NEUROTOXICOL TERATOL 17(2) 169-177, 1995. — Fluoride (F) is known to affect mineralizing tissues, but effects
upon the developing brain have not been previously considered. This study in Sprague-Dawley rats compares behavior, body
weight, plasma and brain F levels after sodium fluoride (NaF) exposures during late gestation, at weaning or in adults. For
prenatal exposures, dams received injections (SC) of 0.13 mg/kg NaF or saline on gestational days 14-18 or 17-19. Weanlings
received drinking water containing 0, 75. 100, or 125 ppm F for 6Or 20 weeks, and 3 month-old adults received-water
comaining le? ppm F for 6 wmict. Behavior was tested in a computer pattern recognition system that classified acts in a novel
environment and quantified act initiations, total times and time structures. Fluoride exposures caused sex- and.do4a-sp.x.ific
behavioral deficits with a common pattern. Males were most sensitive to prauttal day 17-19 exposure, whereas females were
more sensitive to weanling and adult exposures. After fluoride ingestion, the severity of the effect on behavior increased
directly with plasma F levels and F concentrations in specific brain regions. Such association is important considering that
plasma levels in this rat model (0.059 to 0.640 ppm F) are similar to those reported in humans exposed to high levels of
fluoride.
Fluoride

Neurotoxicity

Central nervous system

DENTAL fluorosis has been on the rise since the 1950s, indicating that our total fluoride exposure is increasing (9). Fluoride, including sodium fluoride (NaF), has been added to public water supplies for over 40 years in the United States as a
preventative measure against dental caries. Other sources of
fluoride exposure include processed beverages, toothpastes,
mouth rinses, dietary supplements, and food. Although dental
fluorosis causes discoloration of teeth, it is not considered a
public health concern because it does not hinder tooth function or oral health. In addition, no clear link has been established between fluoride and cancer risk, bone fractures, birth
defects, or problems of the gastrointestinal genito-urinary, or
respiratory systems (1). Therefore, the impetus to limit total
fluoride exposure in the United States is currently based on
cosmetic concerns and a general desire not to expose the public
to any more fluoride than the amount necessary to prevent
dental caries.
One concern that has not been fully investigated is the link
between fluoride and effects on the central nervous system
(CNS). In vitro studies have shown that intracellular fluoride
can alter the kinetic properties of calcium currents in hippo-

campal neurons (22). Fluoride is a normal component of cerebrospinal fluid (21), but it has not been found to accumulate
there during endemic fluorosis or nervous system disease
(21,41). Yet, there have been reports from Chinese investigators that high levels of fluoride in drinking water (i.e., 3-11
ppm) affect the nervous system directly without first causing
physical deformations from skeletal fluorosis (13,20,40). One
study of adult humans found attention affected by sublingual
drops containing 100 ppm of sodium fluoride (39), an exposure level potentially relevant to humans because toothpastes
contain 1000 to 1500 ppm fluoride (8,48) and mouthrinses
contain 230-900 ppm fluoride (48).
Many years of ubiquitous fluoride exposure have not resulted in obvious CNS problems such as seizures, lethargy,
salivation, tremors, paralysis, or sensory deficits. Still unexplored, however, is the possibility that fluoride exposure is
linked with subtle brain dysfunction. The present study evaluates the neurotoxic potential of sodium fluoride in an animal
model. It uses behavioral methodology that focuses on behavioral repertoire, responses to novelty and the temporal or sequential organization of spontaneous behavior, all important

Requests for reprints should be addressed to Phyllis J. Mullenix. P.O. Box 753, Andover, MA 01810-0013.
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TABLE 1
EFFECTS OF PRENATAL FLUORIDE EXPOSURE IN 9-WEEK-OLD RATS
Plasma F

Body Weight
SD)
Gestational Agc
of F Exposure

Females
Days 14-18
Days 17-19
Males
Days 14-18

Control

Exposed

228.6 ± 15.6
n = 18
242.0 ± 15.0
n = 24

240.5 ± 15.6
n = 27
244.0 t 22.9
n = 24

347.4 t 25.3

351.8 t 38.7
n = 31
371.0 ± 32.4
n = 24

n = 20

Days 17-19

(ppm

366.2 ± 37.9
n = 24

Control

SD)
Exposed

Behavior
(RS Statistic)

0.037
n = 18 pairs

0.008 ± 0.002
n=9

01008 ± 0.003
n = 10

0.066
n = 20 pairs

0.082
n = 20 pairs

0.011 ± 0.003
n = 10

0.008 t 0.002
n = 11

0.144'
n = 20 pairs

• p < 0.001.

to the study of CNS function and cognitive processes (12,
32,35,46). Rats were exposed at various stages of development
to determine critical periods of CNS susceptibility to fluoride.
Also, effects on behavior were related to levels of fluoride
found in plasma and in different regions of the brain.
METHOD
Animals
Five hundred and thirty-two pathogen-free Sprague-Dawley rats from the Charles River Laboratories (Kingston, RI)
were evaluated in this study. All procedures were conducted
under the auspices of Forsyth Dental Center's Animal Care
and Use Committee. The animals were assigned randomly to
either experimental or control groups . and housed 2/cage/
treatment and sex. Light cycles were maintained as 12L: 12D
cycle (6:00 a.m. to 6:03 p.m.), and food and water were given
ad lib except during the behavioral observation periods. Body
weight was recorded once weekly and a t test was applied
with a p < 0.01 required for significance. Further details of
treatment protocols depended on the age at exposure.
Prenatal exposures. Twenty-nine timed pregnant darns
were obtained on gestational day (GD) 8 (vaginal plug = day
1) and individually housed throughout gestation and lactation.
At birth, litters were culled to 10 pups/dam with an equal
number of males and females whenever possible. The diet of
the dams consisted of Purina Rat Chow (Formulab), and the
pups received Certified Purina Rat Chow (5002) after weaning
on GD 21. Drinking water ' for both was deionized water
throughout the study. On GDs 14-18 or 17-19, experimental
darns (n = 7 and 9, respectively) received SC injections of
0.13 mg/kg sodium fluoride (in saline) two or three times daily
(a total of 9 injections per group) at least 4 h apart. Control
darns (13 total) received SC injection of an equal volume/
body weight of saline on the same gestational days to match
each experimental group. This route and concentration of fluoride exposure produces peak plasma fluoride levels of 0.150.20 ppm which return to control levels within 4 h in nongravid females (4). Beyond the prenatal period, these pups
received no other experimental fluoride treatment.
Weanling exposures. At 19 days of age, male and female
pups were shipped with dams having 10 pups/litter. When

weaned on GD 21, the pups (n = 19-27/sex and treatment)
were maintained thereafter on a low fluoride diet ( <10 ppm
fluoride, Purina 5010, or Teldad L356, Madison, WI). When
teeth were broken in either the control or experimental groups,
this diet was given in powdered form for a few days until
normal occlusion returned. Their drinking water contained
either 0, 75, 100, 125, or 175. ppm fluoride (3.9, 5.3, 6.6, or
9.2 mM NaF in deionized water, respectively) for 6 or 20
weeks. The 175 ppm level, studied only in females, resulted in
dehydration and the death of 10 of the exposed animals within
10 days. Therefore, the 175 ppm exposure was discontinued
after 10 days, and the 11 survivors were given deionized water
for the remainder of the study: Each fluoride treatment group
had matching controls who received deionized water only.
This range of fluoride exposures was selected because 100 ppm
fluoride in drinking water produces dental fluorosis without
other oven signs of toxicity in rats (11).
Adult exposures. Male and female rats (n = 21-24/sex/
treatment) were obtained at 10 weeks of age and given 0 or
100 ppm sodium fluoride in deionized water for 5 to 6 weeks
starting at 12 weeks of age. They were fed the same low fluoride diet as in the weanling exposure.
Plasma and Brain Fluoride
After the behavioral tests at the termination of each study,
blood samples were collected by cardiac puncture under CO,
anesthesia. When plasma fluoride determinations were needed
at ages prior to termination of the study, blood samples were
obtained from extra control and exposed animals not included
in any behavioral study. All plasma fluoride concentrations
were determined using an ion-specific electrode (Orion, Cainbridge, MA), following the hexamethyldisiloxane diffusion
method (HMDS) of Whitford and Reynolds (51). Brain fluoride concentrations also were determined for two treatment
groups receiving weanling or adult exposures. After CO, euthanasia, these animals were decapitated and the brain removed, blotted, and chilled with further dissection performed
on an ice-cooled glass plate. Seven regions of the rat brain
were dissected:
1. Cerebellum,
2. Medulla oblongata,
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TABLE 2

A

EFFECTS ON BODY WEIGHT BY FLUORIDE EXPOSURE STARTED
AT WEANING

80

80 -

K(t) t SD
40

F in Drinking
Water

Exposure
Duration

Age When
Weighed

Females
75 ppm

6 weeks

9 weeks

100 ppm

6 weeks

9 weeks

125 pptn

6 weeks

9 weeks

11 weeks

14 weeks

16 weeks

19 weeks

20 weeks

23 weeks

10 days

9 weeks

10 days

18 weeks

20

10

30

20

40

Time (sec)

175 ppm

120 -

Males
75 ppm

BO -

6 weeks

9 weeks

Controls
g t SD

Exposed
g t SD

248.1 ± 19.3.
n = 20
247.0 ± 23.0
n = 22
237.7
15.4
n = 21
296.1
25.8
= 21
329.0 ± 26.1
n = 21
339.1 ± 30.1
it = 21
227.0 t 20.8
FT = 19
352.9 ± 33.3
16
it

257.0 ± 30.2
it = 21
242.0 ± 24.0
n = 22
208.3 ± 30.2t
n = 26
265.1 t 26.2t
it = 27
300.4 t 31.6'
it = 27
313.4 t 33.4'
n = 26
206.5 t 11.5'
it = 11
331.4 t 31.8
it = 11

381.1

380.9 t 21.8
it = 21
330.1 t 35.9;
it = 24
451.3 ± 30.1:
n = 23
553.6 t 44.4;
11 = 25
592.9 t 66.3:
it = 2.5

25.4

it = 20
K(t) t SD

125 ppm

6 weeks

9 weeks

11-weeks

14 weeks

16 weeks

19 weeks

20 weeks

73 weeks

BO

40

20

10

20

30

40

50

380.1 t 37.2
n = 21
545.1 ± 56.1it = 18
656.6 80.3
it = 21
717.8 t 90.8
it = 21

t

*p < 0.01, t-test; tp < 0.001, men; :p < 0.0001, 1-test.

Time (see)

FIG. 1. Regardless of the gestational period of exposure or sex of the
offspring, prenatal fluoride typically affected behavioral time structure but not behavioral initiations or total times. These example K
functions illustrate the time-structure changes found in 9-week-old
male rats significantly affected (RS = 0.144; p < 0.001) by fluoride
exposure on GDs 17-19 (•) compared to respective Controls (0).
Significant dispersions (decreased K values) are shown for the behaviors groom/attention (A) and turn (B). Error bars indicate t SD.

3.
4.
5.
6.
7.

Hypothalamus,
Midbrain.
Striatum,
Hippocarnpus and
Cortex

The procedures described in detail by Glowinski and Iversen
(17) were used. Each brain region was individually lyophilized
and weighed, and the fluoride content was measured following
diffusion of ionic fluoride (51).
Behavior
Methods to assess effects on behavior were the same as
in prior studies of amphetamine indutxd hyperactivity and
.stereotypy (34), triethyltin induced hypoactivity (23), and cognitive deficits induced by CNS• therapy (35,36). Except for

TABLE 3
PLASMA FLUORIDE LEVELS AFT
ER FLUORIDE EXPOSURE
STARTED AT WEANING
F in Drinking

Water

Exposure Age When
Duration
Measured

Controls
SD

pints s

EXpOSed

ppm ±. SD

Females
75 ppm 6 weeks

9 weeks 0.009 ± 0.003 0.066 ± 0.021'
n=8
n=8
9 weeks 0.007 t 0.001 0.150 t 0.032
100 ppm 6 weeks
n=6
n=7
9 weeks 0.006 t 0.001 0.107 t 0.028T
125 ppm 6 weeks
n=4
n=6
20 weeks 23 weeks 0.015 0.006 0.640 0.308;
n=8
n=8
Males
9 weeks 0.012 t 0.002 0.170 ± 0.097;
75 ppm 6 weeks
it = 10
it = 10
125 ppm 6 weeks
9 weeks 0.011 ± 0.011 0.126 ± 0.031t
n=4
'7=7
20 weeks 23 weeks 0.013 ± 0.005 0.408 ± 0.2.55*
n=8
n=8

t

'p

< 0.01, 1

t

lest: tp < 0.001,1 test: :p < 0.0001, nest.
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TABLE 4
EFFECTS ON BEHAVIOR BY FLUORIDE EXPOSURE
STARTED AT WEANING
F in Drinking
Wax=

Exposure
Duration

Age When
Measured

Females
75 ppm

6 weeks

9 weeks

100 ppm

6 weeks

9 weeks

125 ppm

6 weeks

9 weeks

Ii weeks

14 weeks

16 weeks

19 weeks

6 weeks

9 weeks

6 weeks

9 weeks

Males
75 ppm
125 ppm

11 weeks
16 weeks

0.3

RS
Statistic

0.052

n = 20 pairs
0.359t
n = 22 pairs
0.115'
n = 20 pairs
0.140t
n = 20 pairs
0.169t
n = 20 pairs
0.024
it = 20 pairs
0.086
n = 20 pairs

14 weeks

0204t

19 weeks

n = 20 pairs
0.311t
n= 2A pairs

0.2
RS Statistic

0.1
75 ppm•

0.0
0.00

0.15

0.10

0.05

Plasma F (ppm)

FIG. 2. Severity of behavioral disruption indicated by the RS statistic
increased as plasma fluoride levels increased. Elevated plasma fluoridelevels were induced by 6-week exposures to sodium fluoride in
drinking water of female rats whose exposure began at 21 days of age.
Concentrations of fluoride in drinking water associated with each
plasma level are highlighted with asterisks.

< 0.01; tp <0.001.

adult exposures, behavior was tested in anim2ls at 9 weeks of
age, and behavioral tests were repeated at 14 and 19 weeks
when the period of exposure extended beyond 6 weeks. Behavioral tests were conducted in an isolated observation room
betweerr 0900 and 1300 h each day for consisumt -diurnal testing. Two video cameras taking 1 frame/s were used to monitor
simultaneously the spontaneous behavior of 1 fluoride-treated
rat and its matched control during a 15-min exploration of a
novel environment. The novel environment consisted of a
clear Plexiglas box, where the control and treated rats were
separated by a clear partition with small holes that allowed
them to see and smell each other during exploration. The
video signals were transferred to a MICRO VAX 1 and a VAX
11/750 for pattern analysis and behavioral classification of
the data. The behaviors identified by the computer consisted
of five major body positions (stand, sit; rear, walk, and lying
down) and eight modifiers (groom, head turn, look, smell,
sniff, turn, wash face, and blank or no recognized activity).
The system of cameras, computers, computer software, and
novel environment has been described in detail (26).
• Three measures of spontaneous behavior were taken: a calculation of behavioral initiations (BI), behavioral total time
(BIT), and a measure of behavioral time structure (BTS) concerning the time distribution of the initiation of discrete acts
and of sequences of joint acts. The BI, BTT, and BTS measures in this study were computed for 18-22 pairs (a pair
consists of 1 fluoride-treated rat and 1 matched control) per
treatment group.
Calculation of behavioral initiations (BI). The frames in
which a specific behavior began were totaled for each act
during the 15-min observation period for each rat.. The mean
number of initiations was determined for each control and
experimental group of rats. A student's t test was applied and
a p < 0.05 was required for statistical significance.

Calculation of behavioral total time (B77'). The number of
frames that a behavior continued, including the frame it was
initiated, was totaled for the 15-min observation period. The
mean total time for each act in control and experimental
groups of rats was determined and statistical significance was
evaluated using the student's t test, with a p < 0.05 required
for a change to be considered significant.
Calculation of behavioral timt structure (BTS). The time
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FIG. 3. The AK's [the difference between K(t) for a control and an
exposed group at the first six time points evaluated) are shown for 100
ppm fluoride for 6 weeks starting at 3 months of age in females (81)
and 125 ppm fluoride for 20 weeks starting at 21 days of age in
females (0) and males (0). Regardless of the different doses, exposure durations, and ages when exposure began, the fluoride in drinking water caused the time structure of the behavior sit to duster (negative AK values) by 5 months of age. Error bars indicate t SD.
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TABLE 5
CONSISTENT BEHAVIORAL EFFECTS OF FLUORIDE EXPOSURE STARTED AT WEANING
Females
Control

Behavior

Sit
Bl(tSE)
BTT ( ± SE)
Groom
BI
BT'T
Turn
BI
Head turn
BI
BT
T
Groom/explore
(cluster)
BI

Control

125 ppm F
for 16 Weeks

125 ppm F
for 16 Weeks

Control

20.7 ± 3.0
76.6
19.3

16.0 ±
37.9 t

1.8
5.1

22.4 t 2.2
66.8 t 10.9

15.2 ± 1.8°
37.7 t 5.5°

57.7 ± 3.3
245.6 t 21.8

42.8 t 3.51
174.4 t 23.6'

13.8 ± 2.6
29.8 ± 6.3

6.5 ±
9.4 t

LI'
1.8t

8.1 t 2.0
20.1 ± 6.2

5.2 t 1.2
11.4 t 3.4

30.0 ± 5.5
70.3 t 16.1

14.3 t 2.2°
35.8 t 8.9

105.9 t 5.5

97.2 ± 5.0

81.7 t 5.4*

123.5 ±

BTT

Males

Females
100 ppm F
for 6 Weeks

5.5

123.1 ± 5.1

110.7 -2: 3.8

61.9 ± 3.5
75.8 ± 5.3

57.4 t 2.9
66.8 t 3.7

67.3 t 2.2
78.8 t 2.9

58.6 t
69.4 t

1.5t
1.9t

68.1 ± 4.0
84.9 t 5.5

58.5 t 5.0
72.7 t 7.0

12.6 ± 3.1
17.3 ± 4.8

8.5 :6.-. 0.9
10.7 t 1.2

15.4 ± 1.9
19.5 t 2.4

8.6 t 1.0t
11.5 t 1.41

37.5 t 3.0
49.5 t 4.3

23.7 ± 2.9t
32.5 t 4.6f

26.5 -± 4.4
60.7 t- 11.8

16.1 t 2.4*
43.2 t 9.0

20.4 t 2.9
40.3 t 8.6

12.6 ± 1.8°
21.5 t 3.6°

72.1 t 5.2
184.9 ± 19.8

46.1 ± 4.12
'131.4 t 18.7

10.4 -± 2.5
22.7 t 6.2

4.6 ± 0.9°
7.0 ± 1.6°

22.6 t 3.8
42.4 t 7.8

11.7 t 2.0*
23.6 t 4.5!

Groom/attention

(cluster)
BI
BT
T
Groom (cluster)
BI
BTT
Stand
BTT
Attention (cluster)

BTT
•p

<

4.3 t 1.1
6.9 t 1.6
13.9 t_ 3.7 _ _ 8.2 t 2.4

576.0 ± 22.1

.607.9 t 12.0

608.1 ± 14.9

629.2 ± 17.7

532.5 t 20.2

599.0 ± 22.0°

494.9 t 19.9

529.5 t 13.4

505.3 t 14.8

528.7 t 20.0

418.4 t 21.4

499.3 t 20.9*

0.05, r test; fp < 0.01. r test; :p < 0.001, 1 test.

distribution and time sequence of behavioral acts were calculated using equations for K(t) as previously reported
(27,28,33). The K function was calculated for specific behavioral acts (e.g., sit, rear) or sequences of specific behavioral
acts (e.g.. sit. . . rear) (33) and for combined acts (e.g., attention or attention/groom) or sequences of combined acts (e.g..
attention. . . explore or attention/explore . . groom/attention) (28). For each of these, a K(t) [the difference between
K(t) for the fluoride arlimai S and matched controLs] was calculated for eight time points (2,5,10,20,30,45,100, and 200 s).
At any one time point. when K values increase (compared to
controls) for a behavior, it means that that particular behavior

(or sequence) is "clustering" in time (as seen in hypoactiviv,),
while a decrease means it is "dispersing" in time (it had increased regularity of timing between initiations as seen in hyperactivity). Whenever a behavioral act was initiated less than
10 times on average per animal, control or experimental. K(t)
values were not determined for that behavior and related sequences. The bootstrap technique was used for estimating SD
at each time point of the K-function for a behavior, and the
ad hoc criteria for significance of a difference between control
and exposed groups have been described (23,25,27,28.33,34).
An RS statistic was determined for each fluoride treatment.
The ad hoc RS statistic distinguish= low level behavioral ef-

TABLE 6
EFFECTS OF 100 opm FLUORIDE FOR 6 WEEKS STARTING IN 3 MONTH-OLD-RATS
Body Weight
(g t SD)
Control
Females
Males

331.8 t 41.6
a = 21
620.3 ± 45.3
If =

24

Plasma F
(ppm s SD)
Exposed

319.8

36.1

Control

0.010 t 0.002 0.077 t 0.040°

n = 22

n=5

609.0 s 72.1

0.012 ± 0.005
it = 6

it =

22

'p < 0.05. 1 test: t p < 0.01, test: 4) < 0.001.

Exposed

'7 = 5
0.059 t 0.0271

'7= 5

Behavior
(RS Statistic)
0.200:
it = 20 pairs

0.053
1B pain

n=
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fects from noise (24). This• statistic encompasses all data produced in an experiment into one simple statistic. This is an
advantage considering that the computer system generates
over 100 behavioral measures of three distinctly different
types (initiations, total times, and time structures) per experiment. The RS statistic indicates whether behavior is changed
overall and the confidence level associated with that change.
Statistical significance was set at the p < 0.01 level.

¶50 -

100
Kit) t

RESULTS

Prenatal Exposures

No maternal or offspring toxicity was indicated by reduced
body weight in dams during treatment or in their pups soon
after birth. Yet, prenatal exposure to sodium fluoride altered
behavioral outcome in male offspring when exposure occurred
on GDs 17-19 (Table 1). This effect consisted entirely of time
structure changes in 11 behaviors and behavioral sequences,
10 of which were significantly dispersed compared to matching controls as illustrated in Fig. 1. These behavioral effects
did not coincide with reduced body weight nor elevated
plasma fluoride levels at 9 weeks of age (Table 1). At 3 weeks
of age, plasma fluoride levels also were not elevated despite
prenatal exposure on GD 17-19; plasma fluoride levels were
no different in prenatal fluoride females (0.007 ppm ± 0.003
SD; n = 7) compared to matched controls (0.006 ppm ±
0.002 SD; n = 7) or in prenatal fluoride males (0.004 ppm ±
0.002 SD; n = 8) compared to controls (0.004 ppm ± 0.003
SD; n = 8).

50

0
10

30

20

40

50

Time (see)

FIG. 4. Exposure to fluoride at the adult stage significantly altered
(RS = 0.200; p < 0.001) behavior of female rats (•) compared to

respective controls (0). This example K function illustrates timestructure changes typical of the adult F effect. Significant clustering
(increased K values) is shown for the behavior groom/attention,
which prenatal F. in contrast, significantly dispersed (Fig. 1A). Error
bars indicate ± SD.

Weanling Exposures

When fluoride exposures began at 21 days of age, effects
on body weight depended on the fluoride concentration in the
drinking water (Table 2). Concentrations below 125 ppm did
not affect body weight gain at any time during a 5--to 6-week
exposure. In contrast, at 125 ppm body weight was reduced
throughout 20 weeks of exposure in both sexes. The 11 survivors of a 10-day exposure to 175 ppm F also had stunted
growth compared to matched controls at 9 weeks of age. However, by 18 weeks of age, stunting among the 175 ppm female
survivors was ameliorated (Table2).
Plasma fluoride levels were significantly increased in all
exposed animaLs, but again the increase, depended upon the
fluoride concentration given in the drinking water (Table 3).
At 75 and 100 ppm fluoride in drinking water of females for 6
weeks, plasma fluoride levels increased respective of dose.
When concentration in the drinking water was 125 ppm for 6
weeks, plasma fluoride levels increased compared to controls
but not to levels expected considering results observed at lower
drinking water concentrations (Table 3).
Fluoride in drinking water of weanlings altered behavior
in both sexes (Table 4). The duration and concentration of
exposure determined whether significant effects occurred. In
females, a 6-week exposure to 100 or 125 ppm was sufficient
to alter behavior, whereas in males an 11-week exposure to
125 ppm in drinking water significantly affected behavior.
Too few 175 ppm fluoride females (11 in total) survived after
a 10-day exposure to determine an RS statistic for that group.
A relationship between behavioral effects and plasma fluoride
levels was observed in females exposed for 6 weeks to 75,100,
or 125 ppm fluoride. Figure 2 illustrates that as plasma fluoride levels increased, the RS statistic increased, with significant behavioral impact estimated to occur at a plasma fluoride
level of approximately 0.107 ppm. Significant behavioral urn-

pact in males, however, did not occur until plasma levels exceeded 0.126 and 0.170 ppm (Table 3 and Table 4).
Regardless of sex, duration of exposure, or the fluoride
concentration in the drinking water of weanlings, a common
pattern among behavioral disturbances developed. Table 5 includes all behaviors that were significantly affected in BI and/
or BTT by at least one fluoride exposure. Age and sex influenced the BI and BTT of these behaviors in controls, but still
a general effect of fluoride emerged. Whether exposure lasted
6 or 16 weeks, at the 100 or 125 ppm level, in males or females,
the same direction of change with respect to controls occurred
for a certain array of behaviors and related behavioral c.lustas. Whereas the act of standing and the related attention
cluster tended to increase in total time, the other acts consistently decreased in initiations and total times.
Adult Exposures
Male and female adult rats given 100 ppm fluoride for 6
weeks had significantly increased plasma fluoride levels with
no effect on body weight, whereas behavior was affected only
in females (Table 6). Compared to females exposed at weaning, females exposed as adults had a lower plasma fluoride
level (0.077 ppm) associated with significant behavioral impact. However, the same pattern of BI and BTT changes seen
with weanling exposures (Table 5) also developed in females
exposed as adults. For example, initiations of sitting, the
groom/attention cluster, and the groom/explore cluster in
adult female controls (42.9 ± 3.0; 50.4 ± 5.4; 23.9 ± 2.4
SE, respectively) were more frequent than in adult exposed
females (30.2 ± 3.0; 34.7 ± 3.7; 15.3 ± 1.8 SE, respectively; p < 0.01). Another similarity appeared among BTS
effects when adult and weanling exposed rats approached 5
months of age (Fig. 3). Other BTS effects appeared to differ
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TABLE 7
BRAIN REGION FLUORIDE LEVELS (ppm t SE) IN 5- TO 6-MONTH-OLD RATS
Hypothalamus

Cerebellum

Medulla Oblongaut

Females
Control'

0.358 ± 0.055
0.396 t 0.073
0.609 t 0.107
n = 13
n = 12
n = 14
125 ppm F for 1.685 ± 0.565t 3.120 ± 0.968t 3.281 t 1.054t
n• = 8
n= 8
1= 7
20 wks in
weanlings
0.325 ± 0.052
100 ppm F for 0.308 ± 0.043
1.280 t 0.445
n= 6
n= 6
6 wks in
n = 5
adults
Males
0.364 ± 0.052
0.292 ± 0.055
Control
0.281 ± 0.044
= 14
n = 13
it = 14
125 ppm F for 0.839 t 0.130t 2.133 ± 0.573t 1.875 ± 0.334
n= 8
= 7
20 wks in
n = 8
weanlings
100 ppm F for 0.340 t 0.049 0.412 ± 0.095
3.922 -± 2.379f
n= 6
6 wks in
'7= 5
5
ft =
adults

Basal Ganglia

Mid-Brain

Cortex

1-fippoeampus

= 14
1.281 ± 0.229t
n= 8

0.479 ± 0.107 0.258 n 0.043
0.634 ± 0.213
n = 14
it = 14
it = 12
1.091 ± 0.194 - 1.830 ± 0.383t 0.993 ± 0.168t
n= 8
it= 8
= 8

0.252 t 0.043
n= 6

0.306 ± 0.087
'7= 5

0.406 ± 0.103
n

0.246 ± 0.035
0.273 ± 0.036
it = 14
a = 14
0.697 ± 0.101t 0.770 1: 0.1451
it= 8
n= 8
0.422 t 0.146
= 5

0.378 t 0.106
n= 6

0.602 t 0.195
= 6

0.790 t 0.328'
=4

0.372 ± 0.069
= 14
1.727 t 0.435t
n= 8

0.287 ± 0.048
it = 14
0.834 t 0.104t
= 8

0.350 ± 0.057
n= 6

0.411 ± 0.088
n= 6

'Controls pooled from 100 and 125 ppm fluoride exposures; Sp 5 0.05; one-factor ANOVA followed by Fisher's procedure for multiple
comparisons; fp 0.01; one-factor ANOVA followed by Fisher's procedure for multiple comparisons.

depending on the age when exposure occurred: the significant
dispersing of groom/attention after prenatal fluoride (Fig. 1)
is in contrast with the significant clustering of the same behavior by fluoride exposures started in adults (Figure 4). Future
studies will have to determine if this variation is a function of
the age at exposure or the age when tested.

Fluoride Levels in Brain
Fluoride exposure via drinking water elevated the fluoride
levels in various brain regions (Table 7). In male and female
rats exposed to 12.5 ppm fluoride for 20 weeks starting at
weaning, brain fluoride levels increased in all seven brain regions examined. In rats exposed . to 100 ppm fluoride for 6
weeks starting at 3 months of age, fluoride levels increased in
the medulla oblongata in both sexes and in the hippocampus
of females, the sex with significant behavioral disturbances.
DISCUSSION

This study demonstrates a link between certain fluoride
exposures and behavioral disruption in the rat. The effect on
behavior varied with the timing of exposure during CNS development. Behavioral changes common to weanling and adult
exposures were different from those after prenatal exposures.
Prenatal exposure on GDs 17-19 dispersed many behaviors as
seen in drug-induced hyperactivity (34), while weanling and
adult exposures led to behavior-specific changes more related
to cognitive deficits (35,36). Prenatally induced behavioral effects were unaccompanied by changes in body weight or elevated plasma fluoride levels. Rather, the most obvious hypothesis is that the effects relied on transient peaks in maternal
plasma fluoride levels, fluoride passing the placenta, and fluoride penetrating the blood-brain barrier of the fetus. Fluoride
has been reported to pass the placenta in rats (45), and on
GD 17-19 the blood-brain barrier is immature and readily
penetrable (52). In contrast, the behavioral effects induced
by weanling and adult exposures were accompanied often by

weight reduction and always by elevated plasma fluoride levels. In fact, effects on behavior related directly to plasma
fluoride levels and the fluoride accumulation in the brain.
This contradicts findings from short-term fluoride, kinetic
studies,' which found that the adult blood-brain barrier was
relatively impermeable to fluoride when whole brain fluoride
levels were measured within 1 h following IV. injection (49,50).
Considering the brain fluoride accumulations found in this
study, such impermeability does not apply to chronic exposure
situations.
.
Hyperactivity and cognitive deficits are generally linked
with hippocampal damage (3), and in fact, the hippocampus
is considered to be the central processor which integrates inputs from the environment, memory, and motivational stimuli
to produce behavioral decisions and modify memory (12).
ODs 17-19 in the rat is a period when pyramidal cells of the
hippocampus are forming (6), and granule cells of the dentate
gyms of the hippocampus form at the ages when weanling
and adult exposures were administered (7). Involvement of
different cell types would explain variation in behavioral outcomes between prenatal. weanling, and adult exposures. The
hypothalamus and the hippocampus in normal female rat
brains have the lowest concentrations of fluorine, the element
which was found to be the most regionally distributed by instrwnental neutron activation analysis (10). The method used
for ionic fluoride analysis in the present study also revealed
that the brain region containing the lowest fluoride concentrations was the hippocampus of controls but only in females.
This hippocampal selectivity was disrupted when adult females were exposed for 6 weeks to 100 ppm fluoride: hippocampal fluoride levels increased and behavior was affected.
Adult males receiving the same fluoride exposure did not have
significantly elevated fluoride levels in the hippocampus, nor
did they have significant behavioral disturbances. Sex differences in hippocampal function have been described recently
in other studies (2,47). CTVCrail. the behavioral changes from
fluoride exposure are consistent with interrupted hippocampal
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development. .Whether the hippocamus is indeed the brain
region most susceptible to fluoride is-a possibility deserving
consideration in future studies.
Interruption of normal brain development often results in
responses that are sex-dependent. The brain responds differently to drugs depending on which hormones are present at
the time and whether the brain is male or female (30). In male
primates the orbital cortex matures earlier than in females,
and such developmental differences are thought responsible
for the consequences of perinatal injuries appearing more frequently in males (18). This type of developmental difference
might explain why transient peaks of fluoride on prenatal days
17-19 affected males and not females. The effects of chronic
fluoride exposures at weanling and adult stages may have involved still other sexual dimorphisms. There are developmentally regulated sexual dimorphisms in hypothalamic somatostatin and growth-hormone-releasing factor signaling, growth
hormone secretion and even hepatic metabolism (5,29,38).
The sexually dimorphic control of growth would be especially
important to fluoride distribution. The rate of fluoride uptake
by bone depends on age or the stage of skeletal development;
fluoride is deposited in mineralizing new bone more readily
than in existing bone (49). As males experience greater and
more prolonged growth spurts than females, their plasma fluoride might be directed more to bone than to brain, perhaps
explaining why longer exposures and higher plasma fluoride
levels were needed in males to affect behavior. Fluoride's tendency to seek developing bone may also explain why adult
female rats had behavioral effects at a lower plasma fluoride
concentration than did weanling female rats. Levels of fluoride in plasma and bone must be correlated with those in
specific brain regions of both sexes to fully understand behavioral consequences.
Rats ingested 75-125 ppm fluoride for weeks to attain
plasma fluoride levels of 0.059-0.640 ppm. Six weeks of consuming 75 and 100 ppm fluoride produced higher plasma fluoride levels than did 125 ppm. Perhaps a taste aversion limited
water consumption at the 125 ppm level, prolonging the period needed to attain plasma levels that were achieved in 6
weeks by the two lower exposure levels. Regardless, it was

fluoride levels in plasma, not fluoride levels of exposure,
which best predicted effects on behavior. Similar plasma fluoride levels of 0.076-0.25 ppm have been found in humans
ingesting 5-10 ppm fluoride in drinking. water (19,37.42), and
plasma levels as high as 0.28 to 0.43 ppm have been measured
in children drinking water containing 16 ppm fluoride (44).
This plasma fluoride range also occurs in certain therapies.
Fasting serum fluoride levels of 0.2 to 0.3 ppm are used in the
treatment of osteoporosis (31), and plasma fluoride levels as
high as 1.44 ppm are found in children 1 h after receiving
topical applications of an .acidulated phosphate fluoride
(1.23o) gel (14,15).
Because humans occasionally are exposed to high amounts
of fluoride and plasma levels as high as those found in this rat
study, neurotoxic risks deserve further evaluation. This is the
first laboratory study to demonstrate that CNS functional output is vulnerable to fluoride, that the effects on behavior depend on the age at exposure and that fluoride accumulates in
brain tissues. Experience with other developmental neurotoxicants prompts expectations that changes in behavioral function will be comparable across species, especially humans and
rats (16,43). Of course behaviors per se do not extrapolate,
but a generic behavioral pattern disruption as found in this rat
study can be indicative of a potential for motor dysfunction,
IQ deficits and/or learning disabilities in humans. Substances
that accumulate in brain tissue potentiate concerns about neurotoxic risks, but the conditions leading to fluoride deposits in
any species are still not clear such that quantitative extrapolations are not possible at this time. Thus, conclusions concerning the neurotoxic potential of fluoride require further rat and
human studies, both focused on the relationship of plasma
fluoride levels with the brain, behavior, and skeletal growth.
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To the Editor
sistent pattern of reported behavioral changes for the 123 and
100 ppm NaF female groups (Table 5) suggests an alternate
interpretation for the changes in RS values that does not invoke neurotoxicity. Specifically, the largest and most consistent behavioral changes included a reduction in grooming
and changes in the associated grooming clusters. Decreased
grooming is a generally recognized behavioral adaptation to
illness by animals [see (2) for a review]. The gross effects
reported and implicit in the high-dose F group can certainly
be construed as equivalent to illness. Decreased grooming initiations or grooming total time have not been reported as
an important feature of this laboratory's previous work with
rodent models of hyperactivity, cognitive dysfunction, or abnormal brain development (4,5,6). Moreover, behavioral "signatures" indicative of amphetamine-induced hyperactivity
(i.e., increased walking, turning, head turning and standing)
(5) or alterations in cognitive development (i.e., changes in the
clustering or dispersion of exploration- and attention-related
sequences) (4) were not reported after exposure to NaF. Thus,
the pattern of effects reported during NaF exposure can
clearly be distinguished from previous work with neurotoxicants, and the most straightforward conclusion is that the
reported decreases in grooming reflect, not neurotoxicity, but
mild to moderate illness resulting from high-level adulteration
of the drinking water. Testing of rats whose drinking water
had been made unpalatable (e.g., by adding quinine) would
have provided a behavioral signature for this important confounding factor.
The second issue is the purported relationship of the observed effects to plasma F. Based on the RS values reported
for the weanling study and the adult exposure study, it is clear
that there is not any straightforward relationship between
plasma F and the degree of behavioral change. As just one
example, adult female rats exposed to 100 ppm NaF (plasma
F = 77 ppb) have a statistically significant high RS value

A RECENT article in this journal summarizes the results of
three experiments in which sodium fluoride (NaF) was dosed
to pregnant rats or added to drinking water of weanlings or
adults (7). These authors concluded that NaF has neurotoxic
potential. We disagree. The observations are readily explained
by mechanisms that do not involve neurotoxicity. Our discussion will focus on the major flaws in design and interpretation
that have led to erroneous conclusions. Specifically, inconsistent effects were either ignored or misinterpreted as reflecting
developmental stage- or sex-specific neurotoxicity, and then
highly speculative, post hoc rationalizations were proffered to
explain the supposed specificity. The need for speculation
could have been reduced dramatically with better use of historical and concurrent control groups.
The first experiment evaluated the effects of prenatal exposure achieved by repeated SC injections of NaF to pregnant
female rats. The authors report that NaF produced a behavioral effect in offspring whose darns were exposed on gestation
days 17-19, but not days 14-18. There is no plausible scientific
explanation for such a dichotomy. The critical ontogenic periods when developing tissues and organs are most susceptible
co insult occur either immediately prior to or during the formation of a structure. Although Mullenix es al. suggest that the
effect reported with the later dosing regimen may have been due
to an effect on the development of hippocarnpal pyramidal ails
during this period, it must be made clear that pyramidal cells
begin to appear prior to day 18. Because the developing hippocampus would be expected to be as sensitive or more sensitive
during the earlier, longer dosing regimen, it is not plausible that
an effect was observed only after the later dosing regimen. This
inconsistency casts serious doubt on the conclusion that the reported effect was treatment related. It is perhaps more appropriate to conclude that the two dosing regimens were comparable
but failed to produce similar results.
In the second and third experiments, weanling or adult rats
were exposed to 75-125 ppm NaF in the drinking water. The
authors conclude that ingestion of NaF produced genderspecific (i.e., female rats only) effects in which " . . . the severity of effect on behavior increased directly with plasma F
levels and concentrations in specific brain regions." However,
a more comprehensive look at all of the data reveals no obvious relationship between systemic F levels and effects, and
leads to the more parsimonious interpretation that the behavioral changes reflected significant physiological perturbations
in the animals, not neurotoxicity.
In weaning rats the 125 ppm dose produced major deleterious physiological changes that were likely related to effects
other than neurotoxicity (e.g., palatability). Specifically, the
body weight of exposed rats was severely reduced compared
to controls, and their relatively low plasma fluoride levels
strongly suggests that their water consumption was reduced by
treatment. The profound explicit and implicit physiological
changes reported for the 125 ppm groups mean that additional
behavioral changes cannot reasonably be interpreted as neurotoxicity in the absence of commonly accepted morphological
or biochemical indices of neurotoxicity. Furthermore, the con-

(0.200, p < 0.001), whereas weanling rats dosed with 75 ppm
NaF have a similar plasma F level (66 ppb) but a much lower,
nonsignificant RS value (0.052: p • NS). The difference at
age of testing (18 weeks vs. 9 weeks) cannot reasonably be

used to interpret this inconsistency as age-related specificity.
The authors discuss the pattern of effects observed in these
experiments in terms of hyperactivity and cognitive impairment, and explain this interpretation as reflecting altered
hippocampal development. Although hyperactivity is not a
unitary phenomenon, it is reasonable to expect that this interpretation should require at least a change in behavioral initiations and total time of locomotor activity (e.g., wa1k, turn)
or nonlocomotor activity (e.g., head turn) as Mullenix has
reported for even very low doses of amphetamine (5). Such
changes were not reported in any of the experiments with
NaF. Instead of speculating that the reported changes in spontaneous behavior indicate a cognitive impairment based on
hippocampal damage, a behavioral signature for such deficits
should have been developed by testing animals with known
hippocampal damage such as can be produced by electrolytic
lesion or a neurotoxin such as trimethyltin [see (I) for a re685
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viewl. Furthermore, this hypothesis could have been confirmed in a straightforward manner by testing NaF-treated
rats in well-characterized tests for working memory, which are
known to be sensitive to neurotoxicant-induced hippocampal
damage (3,3).
ln summary, much of the ambiguity in the interpretation
of these results could have been avoided with information
from two concurrent or historical control groups: l) a group
to define the behavioral signature resulting from long-terrn
adulteration of the drinking water, and 2) a group to define
the behavioral signature of animals with hippocampal damage
in this testing system. Such controls are an essential feature of
test validation and experimental design (9). Novel behavioral

methods cannot possibly be validated by experiments in which
chemicaLs of unknown toxicity are dosed, and all possible
results interpreted as neurotoxicity. Instead, both positive and
negative control materials should be evaluated, and the results
linked with well-characterized functional and morphological
indices of neurotoxicity.
We appreciate the opportunity to provide our interpretations of this 3tudy. We do not believe that the study by Mu(!crux et al. (7) can be interpreted in any way as indicating the
potential for NaF t o be a neurocoxicant.
Dr. Joseph F. Ross, D.V.M.. Ph.D.
Dr. George P. Daston, Ph.D.

REFERENCES

aspar.ame, phenylalanine, and tyrosine. Fundam. Appl. Toxicol.
16:495-505; 1991.
6. Mullen.. P. 1.: Kernan. W. J.; Schurtior, A.; Howes, A.; Waber,
1). P.; Sallan, S. E.; Tuba. N. I. Interactions of steroid, matotrexate. and radiation determine neurotoxicity in an animal model
to study therapy for childhood leukemia. Pediatr. Res. 35:171178; 1994.
7. Mullenix, P. I.; Denbesten, P. K.; Schunior, A.; Kernan, W. I.
Neurotoxicity -o f sodium fluoride in rats. Neurotoxicol. Teratol.
17(2): 169-177; 1995.
8. Walsh, T. I.; Miller, D. B.; Dyer, R. S. Trimethyltin, a selective
limbic system neurotoxicant, impairs radial arm maze performance. Neurobehav. Teratol. Toxicol. 4(2):177-183; 1982.
9. Weissman, A. What it takes to validate behavioral toxicology tests:
A belated commentary on the collaborative behavioral teratology
study. Neurotoxical. Teratol. l2(5):497-501; 1990.

I. Dyer. R. S.; Walsh. T. I.; Swartzweider, H. S.; Wayner, M. I.;
eds. Neurotoxiccloty of the Alkyltins. Neurobehav. Teratol. Toxicol. 4(2):123-278; 1982.
2. Hart. B. L. Biological basis of the behavior of sick aainsals. Neurosci. Biobehav. Rev. 12(2):12.3-137; 1988.
3. Miler. D. B.; Eckerrnan. D. A.; Krigman. M. R.: Grant. L. D.
Chronic neonatal organotin exposure alters radial arm maze per:
formance in adult rats. Neurobehav. Teruo!. Toxicol. 442):177183; 1982.
4.
?. I.; Kernan, W. 1.; Tassinari, M. S.; Schunicr, A.;
Waber, D. P.; Howes, A.: Tarbell, N. I. An animal model to study
toxicity of central nervous system therapy for childhood acute lymphoblastic leukemia: Effects on behavior. Cancer Res. 50:646'6465; 1990.
5. NIullenix, P. I.; Tassinari, M. S.; Schunior, A.; Kernan. W. I. No
change in spontaneous behavior of rats after acute oral doses of

.>;°*aviAdVa
'G
'Ptle.o'SJ4
o .9„91016
4 :1
79e
i
.Q . E r 1

,.
.,

'62Q301A

-QS" gc5-5
.n
o
'4
O -4/

.

o
cl

0.0,.. -4 = o si
0.0.0.2112t
0.... 614 nC
›.

Milhnil
... u ,t,'
V ., •00./'
- -0

a-0
S .9

.a.

-II 9

a., E

7,1
-es
Ca
g.NN1g2J:la

fil -cs - ... ra

a a 79.

.A?.0E4
au • .g 'A
n.
c.a

2

>0...2.,...

17-a.5.1=
0 A o.

150

ATI;Ltit
-Y,OV-Ra.T:
Nfime.02°a

0.5§6
m0.
0 43 i
N i' A g °

I 0 1:20

g ' •Ii
. g 0.

EiAit§lil
:g p ;

2 ci al.: • .„ U 615.. n 0.
.

.

o

g

8giS1-411
. :c' 2.

fu 111

0.1g- =7;

!!!!!!!1
g a
g
7,1 0 rs
.913ai28gg.9
<
els
o
o -5
-..j-n.41
2,°, 4'.•

utnaa

1

0

1:1

L416.1gz.52.1?-..
.n.pC.0.C==1).!
< "

-

41

goo

Neurotconcoion and Teruolop. Vol. 17, O. 6. pp. 681 481. 1991
Copyngra 1, 1995 Elsevier Saence
Pnnted in the USA. Ad not, reserved
08924362/95 59.50 .00

Pergamon
0892-0362(95)021)04-N

Reply
For exposure days 14-18, injections were one or two per
day (nine injections over 5 days). For exposure days 17-19,
however, we opted to increase the injections to three per day
but to give them over fewer days (nine injections over 3 days).
The possibility exists that this more focused exposure at a
slightly older gestional age affected a greater percentage of
cells in one developing brain region but fewer developing brain
regions overall. When Altman (I) used x-irradiation to study
behavioral consequences of cerebellar microneuron agenesis,
it was necessary to deliver supplementary doses at certain daily
intervals to prevent regeneration of the external germinal layer
and the consequent acquisition of cerebellar microneurons.
Therefore, the issue of repetitive dosing relative to stage of
neuronal development is important. More prenatal studies
where fluoride is injected three times per day 4 h apart need to
be performed for gestational days 14-16, 15-17, 16-18, and
17-19.
The weanling exposures produced behavioral effects with
consistencies that spanned different doses and both sexes (Table 5). Ross and Daston unfortunately ignored the data for
male rats presented in Table 5. Furthermore, they ignored the
data showing that 100 ppm fluoride in drinking water did not
significantly affect body weight in wanting- or adult-exposed
animals. Without significant reduction in body weight, there
is no justifiable reason to assume "major deleterious physiological change" in these particular animals. Therefore, it is
mystifying how Ross and Daston can suggest that the 100-ppm
level caused illness. If this level causes illness, it would be a
revelation. The 100-ppm fluoride level in drinking water of
rats is a model that has been used for years to study dental
fluorosis. There has been no awareness of any biological effect
other than dental lluorosis reported in this model, certainly
no recognition that these animals were being routinely made
ill. At the 125-ppm level, clearly we found weight reduction,
and concern for reduced water consumption was noted in the
article. Drinking water exposures uncomplicated by weight
reduction are by far the more interesting, and they are more
the focus of our current investigations.
Ross and Daston suggest that the consistent behavioral
changes induced by weanling and adult exposures to fluoride
are an indication of "illness" rather than neurotoxicity. The
bases of their argument are that decreased grooming is a "generally recognized behavioral adaptation to illness" and that
decreased grooming initiations and total times are not important features of our previous work with rodent models of
hyperactivity, cognitive dysfunction, or abnormal brain development. This reasoning is fraught with error. In amphetamine-induced hyperactivity (12), effects on specific acts in
the grooming cluster and related sequences were reported, including significant decreases in initiations (Table 1), total
times (Table 2), and disrupted time structure (Table 3).
Changes in sitting time structure were more consistently affected across doses than were changes in sitting (or grooming)
initiations or total times, a finding not surprising given the
greater stability of the time structure measure (7). In cognitive
dysfunction associated with leukemia therapy (13), time strut-

To the Editor:
We appreciate the effort of Ross and Daston (14) to express
their objections concerning our conclusions on the neurotoxicicy of fluoride (11). Attention to this important subject is long
overdue, and therefore every opportunity to discuss the scientific basis for our reasoning is welcome.
Ross and Daston dismiss the results of our prenatal fluoride study as mere failure to find similar results with two
-comparable" dosing regimens. They found it implausible that
prenatal exposure on days 14-18 would yield different results
from a prenatal exposure on days 17-19. With no substantiating references, it is difficult to glean the basis for this diffuse
criticism. Functional outcome is known to vary with the stage
of brain development, and the variation in function can be
quite dramatic despite a difference of only 24 h in the onset of
prenatal exposure (8). The scientific evidence we considered
made it implausible to expect the same behavioral outcome
from these different exposures or to expect that the developing
hippocampus is equally sensitive or more so during gestational
days 14-18 compared to days 17-19. Bayer (2,3) demonstrated
that neurons in each structure of the hippocampus originate in
overlapping but distinctly different waves: the hippocampal
rudiment on days 16-17; the entorhinal cortex on days 15-17;
the para- and presubiculum on days 16-19; the subiculum on
16-18; large cells of the strata oriens, radiatum, lacunosummoleculare of Ammon's horn on 15-17; Arnmon's horn pyramidal cells on 17-19; large cells in the dentate hilus and molecular layer between 15-19; and the dentate granule cells on
gestational day 17 and continuing postnatally. Ross and Daston's statement that pyramidal cells begin to appear prior to
day 18 is grossly misleading because CA) formation occurs
mostly on day 17 but the origin of pyramidal cells in CAI
occurs mostly on day 19 (2). In addition, these timetables
are specific only for neurogenesis. Vulnerable developmental
stages later than neurogenesis (i.e., migration, differentiation
and growth of primitive processes) would be ignored if one
assumed pyramidal cell formation was complete by gestational
day 18.
Exposure in the first prenatal study occurred on gestational
days 14-18. Overall behavioral change in female offspring
was insignificant [RS = 0.037; RS is a test statistic assessing
overall significance of behavioral changes (6)1, whereas that in
males barely missed significance (RS = 0.082). Examination
of each behavioral measure comprising the RS statistic revealed that more than 10 additional differences in the exposed
males were close.to significance, and most Of these were in the
measures of behavioral time structure. With so many borderline effects in males, effects found using a measure with highly
stable results (7), we felt a second study was warranted. Results from the second prenatal study (exposure on gestational
days 17-19) only confirmed our earlier suspicions because
males were indeed found more susceptible (RS = 0.144) than
females (RS = 0.066) and the effects again were concentrated
in the measure of behavioral time structure. Thus, for Ross
and Daston to characterize the behavioral effects from these
two different exposures as a "dichotomy" is inappropriate.
687
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ture effects on grooming cluster acts and sequences were listed
(Table 2), and the consistent decreases in initiations and total
times of sitting were in fact highlighted in the Results (p.
6463). Most importantly, the similar nature of all behavioral
changes produced in rats by 1) fluoride in drinking water, 2) a
leukemia therapy combination, and 3) x-irradiation has been
presented in great detail (10). Needless to say, neither the
leukemia therapy combination nor a-irradiation exposures involve "high-level adulteration of the drinking water." In short,
palatability of the drinking water is not the common thread
for these very different exposures causing the same effects on
behavior, including decreases in grooming.
The relationship of plasma fluoride levels to RS values in
female rats exposed as weanlings is clear and speaks for itself.
This relationship for adult vs. weanling exposures is discussed
in the article (p. 176). Without further study of plasma, bone,
and brain levels of fluoride in both weanlings and adults using
multiple levels of exposure in the drinking water, it is impossible to confirm or deny an age-related difference in fluoride
susceptibility. Adult Sprague-Dawley rats were found to be
more sensitive to nephrotoxic effects of sodium fluoride than
were their preweanling counterpart's (5). Other examples of
age-dependent susceptibility, including neurotoxicity, are numerous in both animals and humans. Thus, contrary to Ross
and Daston's suggestion, it is quite reasonable to consider
. the possibility that sensitivity varies with the age at exposure,
necessitating the need for dose-response determinations at
both ages.
Extensive experience with analyses of spontaneous behavior led us to conclude that hyperactivity and cognitive impairment were the appropriate terms to describe the effects of
fluoride on brain function. For the prenatal exposure, hyperactivity was selected because the predominant fluoride effects
were behavioral time structure dispersions, the biggest and
most consistent contributor to the microstructure of hyperactivity induced by amphetamine (12). Time structure dispersions made the response to low-dcise amphetamine (0.25
mg/kg) statistically significant overall (RS • 0.131). The fact
that increases in walk, turn, or head turn initiations and total

times were not statistically significant with fluoride, as they
were with amphetamine, is not a substantive reason to con-

ciude otherwise. As we pointed out earlier, variation in initiation and total time results can be quite large (7). Furthermore,
Ross and Daston admit hyperactivity is not a "unitary phenomenon," making it only logical that hyperactivity should
not be defined by unitary measures. Behavioral measures must
be multifaceted because not all hyperactivities appear to be
the same (9). In the methodology we use, well over 100 measures are taken, initiation and total time measures of walk,
turn, and head turn represent only six of them.
For the weanling and adult exposures, the term cognitive
impairment best suits the changes observed. The fluoride behavioral pattern among the 100+ measures matched that produced
by a combination of CNS agents that clinically are well known
to reduce overall IQ scores, impair verbal and visual-spatial
memory abilities, attention, and organization of motor output.
As mentioned earlier, this pattern also appeared in our studies
using x-irradiation, a tool many have used to interrupt neurogenesis and cell migration to study CNS development. Irradiating
infant rats prevents acquisition of dentate granule cells in the
hippocampus and in turn produces behavioral changes resembling those observed following surgical destruction of the hippocampus in adults (4). We have not studied the effects of electrolytic lesions of the hippocampus or trimethyltin as Ross and
Daston suggest, but we would gladly study any rat model with
hippocampal lesions if given the opportunity. However, just as
hyperactivity is not a "unitary phenomenon," neither is cognitive
impairment. It would be counterproductive to turn the clock
back and use unitary measures, regardless of how familiar or
convenient they may be.
In summary, the objections raised by Ross and Daston do
not change our conclusions nor do they mitigate our confidence in the findings.
Phyllis .J. Mullenix, Ph.D.
Pamela K. DenBesten, Ph.D.
Ann Schunior
William 1. Kerman, Ph.D.
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or enamel to form fluomapatite, or as an ionic exchange within the hydration shell of the crystalline
surface (McCann and Bullock, 1957; Neuman and Neuman, 1958). Approximately 50 percent of the
fluoride absorbed each day will be deposited in the calcified tissues, resulting in more than 99 percent
of the fluoride in the body found in association with the calcified tissue (Whitford, 1983). The
incorporation of fluoride into the crystalline structure of hard tissues is thought to increase the strength
and stability of the crystalline structure of bone and tooth enamel (Posner, 1978; Eanes and Reddi,
1979).
Although fluoride has a high affinity for bone, it is not irreversibly bound in the bone, but forms a
reversible, sequestered pool (Armstrong et al., 1970; Whitford, 1990). Fluoride in bone can be
remobilized, either rapidly by interstitial ionic exchange or slowly as a result of the ongoing process of
bone remodeling. Alterations in the acid-base balance of the body appear to influence fluoride
sequestration and mobilization in bone, presumably because acidosis increases the rate of bone
resorption, whereas alkalosis increases the rate of bone deposition (Barzel and Jowsey, 1969; Elcstrand
et al., 1980; Singer and Ophaug, 1982). The process of bone remodeling is more active in the young
where bone is more hydrated with a greater surface area for fluoride exchange compare to mature
bone. Thus, it is not surprising that fluoride deposition in bone has been found to be inversely
proportional to age (Whitford, 1990). In fact, the elderly often show a net loss of fluoride from bone
along with a rise in plasma fluoride levels, most likely because the rate of bone resorption exceeds the
rate of bone deposition in older people.
Researchers believe that fluoride in the soft tissues distributes from plasma to the intracellular space by
the passive diffusion of hydrofluoric acid (Whitford et al., 1977, 1978, 1979; Armstrong and Singer,
1980; and Eisenberg and Marquis, 1981). Approximately 1 percent of systemically absorbed inorganic
fluoride is distributed in the soft tissue compartments of the body because of the high affinity fluoride
has for the hard tissues and the relatively rapid renal excretion of free inorganic fluoride (discussed in
Section on Fluoride Excretion) (Navia et al., 1988). Since little, if any, soft tissue binding of fluoride
has been shown to occur, either to plasma or cellular components, it is not surprising that fluoride
distribution has been shown to reach a "steady state" between plasma and soft tissues, with
intracellular tissue levels reflecting the continual fluctuation in plasma levels (Whitford et al., 1979),
and with tissue levels generally much lower than the corresponding plasma level.
Exceptions to this soft tissue-to-plasma range of fluoride concentrations occur in bone, kidney, fat, and
brain (Whitford et al., 1979). Fluoride levels in kidney have been shown to greatly exceed those
found in plasma, presumably because fluoride levels are extremely concentrated in renal tubular fluid
(Whitford and Taves, 1973; Whitford et al., 1979). In contrast to the higher fluoride levels found in
kidney tissue, fluoride levels in brain and fat rarely exceed a tissue-to-plasma ratio of 0.2, presumably
because of the low water content of fat tissue and the relative impermeability of the blood-brain barrier
to fluoride (Whitford et al., 1979; Whitford, 1990).
FLUORIDE EXCRETION
Renal excretion is the predominant route for removal of inorganic fluoride from the body.
Approximately 50 percent of the daily intake of fluoride is cleared by the kidneys (Whitford, 1990).
Renal excretion and deposition in calcified tissues account for almost 100 percent of the clearance of
inorganic fluoride from plasma (Jamberg et al., 1983). As fluoride deposition in bone decreases with
age, fluoride levels in plasma increase (Parkins et al., 1974).
Renal clearance of fluoride is both a pH-dependent and concentration-dependent (passive) diffusion
process (Whitford, 1983). Since the pH of renal tubular fluid is normally well above the piC„ of HF
(3.45), the majority of fluoride in the tubular fluid will be in the ionized form (F) and will be
eliminated via urine (Singer and Ophaug, 1982; Whitford, 1983; Whitford, 1990). The remaining HF
in the filtrate can diffuse readily across the tubular membrane to the interstitial fluid (where in the
relatively neutral pH of the interstitial fluid, it again becomes ionized (F-) and subsequently re-enters
-5-
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The amounts of fluoride in
current fluoride therapies:
safety considerations
for children

Fluorides

Stanley B. Heifetz, DDS, MPH
Herschel S. Horowitz, DDS, MPH

The growing number and availability of caries-preventive agents with different fluoride concentrations
used in dental offices, homes, and schools demand that
dental personnel understand their potential toxicity.
Knowledge of the fluoride content of current cariespreventive therapies, when related to Margins of safety
and potential toxicity, permits practitioners (and parents to some extent) to prevent caries effectively and
safely.

-no/ et 9.4 62,7 -t-

FLUORIDE METABOLISM
An understanding of the_bod y's mechanisms of metabe provides a rlTorassessing

thepossible risks of excessive fluoride ingestion. Figure 1 shows the principal distribution pathways (heavy
arrows) of fluoride in humans. Fluoride is absorbed.,
into the blood from the gastrointanhat tract aria therr,1
Js mostl y either de sited in bone or excreted by the\
m ismsi counteracting significant rises
in plasma fluoride levels.' If conditions are favorable,
about 90 percent of ingested fluoride is absorbed in the
stomach; metallic ions in the diet that complex with\
the fluoricn, e.g., calcium magnesium and_ iron,
so rptioThe large ;Olume of extracelretard its—ao—
lular
ut'es the absorbed fluoride, a third
way the body regulates the elevation of plasma fluoride
ci,%"1-1
Drs. Heifetz and Horowitz are with the Epidemiology and Oral Disease Prevention Program. National Institute of Dental Rese-.arch.
National Institutes of Health. Bethesda. Ntaryturul 20205.
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Calcified tissues

Soft tissues

tI

absorption
fluoride

plasma

fecal excretion renal excretion
Figure I. Absorption, distribution and elimination of fluoride from the body.

•

1 filuoride usuconcentration. Plasma tio_r_s_0
ally...mak within ilrtv to sixt y minutes aftestion.'
From the plasma. fluoride diffuses to the cellular tissues throughout the body. The highest tissue concentrations occur in the skeleton and in the kidney,
reflecting the body's major pathways of removinWioride, i.e., deposition in bone and excretion in Urine.'
Both processes proceed quickly, but skeletal deposition is the more rapid of the two in young individuals.'
',enerally, about half of oral dose is immobilized
lance is excretecWitshe urine.%
Lthskeleton and t1
Complete deposition or excretion of an ingested small
amount usually occurs within twenty-four hours.' The
relative amount of fluoride removed by each process
vanes greatly, however, depending on the state of skeletal maturation.° In adults, who have minimal skeletal
growth, only about 10 percent of ingested fluoride may
be deposited in bone, whereas, in growing children`,
more than 50 • rcent may be ineo?porated in bone. Thus, when expo • • to equiv ent amounts of fluoride
in relation to body weight, a child may be better
equipped than an adult to withstand a challenging dose,
because the child's preponderant skeletal uptake . per- mits the kidney to handle a relatively smaller burden.
Recent studies indicate that the -pattern of fluoride •
excretion can also I* affected by urinary pH; with greater
alkalinity, there is a higher rate of fluoride excretion.'
Because of the body's efficient mechanisms of handling
fluoride, high concentrations in the plasma are usually
transient and return to physiologic levels within about
six hours, unless the dose was particularly large.°
As indicated in Figure 1 by, rey erse arrows of equal
thickness, fluoride is not retained by soft tissues, unless
they, contain ectopic calcifications.' These pharmacological considerations help explain why vital body functions are not impaired, unless very large amounts of
fluoride are consumed.
rAtS -rfl-KE Ca— cA)A-LOGorT

Table 1 0 Lethal and safe dosages of fluoride for a 70 kg adult.
0 Certainly Lethal Dose (CL131
5-10 pn NJ'S*
or
32-64 mg F/kg..
0 Safely Tolerated Dose (STD) 1/4 CLD
1.25. 2-5 gui Nil
or
8-16 mg FArg
Table 20 CLDs and STDs of fluoride for selected ages.
Weight
CLD
STD
(lbs/•
(mg)
(mg)
Age
22
320
ao
4
29
106
422
37
S313
135
45
655
164
10
53
Ti!
123
12
64
931
Zn
14
23
301
16
92
1.339
334
95
IS
1.382
346
• 3rd percentile of the normal age-specific weight distribution
•
Table 30 COMITn00 signs and symptoms of acute fluoride toxicity.
Low dosages
High Dosages
noises
CI convulsions
vomitinit
0 cardiac arrhythmia'
bypersalivation
0 =muse
0 abdominal pain
0 diarrhea

o
o

ACUTE TOXICITY OF FLUORIDES
Dose
Case histories of more than 600 deaths from fluoride
poisoning show that five to ten grams of sodium fluoride taken at one time is a Certainly Lethal Dose (CLD)
for a 70 kg (154 lb) adult who does not receive treatment, or 32W 64 mg of fluoride per kg of body weight."
Note that a CLD is equivalent to a lethal dose for
everyone, or an LD., and should not be confused
with a minimum lethal dose, which, for fluoride, has
not been firmly established. A fourth of the CLD for
fluoride can be ingested without producing symptoms
of serious acute toxicity; therefore, 8-16 mg F/kg is
considered a Safely Tolerated Dose (SM." The ranges
of lethal and safe dosages of fluoride for a 70 kg adult
are summarized in Table 1. In this paper, computations
of STDs and CLDs are conservatively based on the
lower boundary values of 8 and 32 mg:Y/kg, respectively. •
To prevent accidental poisoning of an infant weighini_as tittle as 10 kgs (..22 TbS), the Council on Dental
'Therapeutics of the American Dental Assnciation (ADA)
rititno more than 264 mg of NaF (120
n•n

"
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v)mg F) be dispensed at any one time ..." According to
Hodge, one of the original consultants who derived the
ADA's safety limit, the guideline was based on a CLD
of 48 mg F/kg or the midpoint of the estimated CLD
range for fluoride. The approximate nature of the
guideline does not preclude the possibility of fatality
from total ingestion of 120 mg F by an infant. Because
calculations in this paper are based on a lower CLD of
32 mg F/kg, the threshold values of toxicity for the
various fluoride therapies discussed carry a' greater
margin of safety than that required by the Council on
Dental Therapeutics. For example, based on the lower
boundary used in this report, only 80 mg F should be
dispensed at one time to ensure maxTint—im safety in the
event of accidental ingestion by an infant.
Table 2 shows STDs and CLDs of fluoride for children of selected ages. The CLD and STD figures are
based on Clark's rule for the administration of drugs
according to body weight." Because the weights shown
are practically the minimum for a given age (taken at
the 3rd percentile of the normal weight distribution),
the calculations of toxicity again are conservative." The
risk of fluoride intoxication in children is easy to ascertain from the Table. Note, for example, that a little
less than one gram of fluoride is certain to be fatal for
anlclen twelve years old or Younger, and is not safely
tolerated by children of any age shown. Although a half
• .m of fluoride exceeds the STD for all ages, it would
be lethal- only for children younger than six.
Signs and symptoms of acute fluoride toxicity
‘‘,

The most common signs and symptoms of acute fluoride toxicity are shown in Table 3. 'The nausea and itin that result from low dosages of guoride are
local irritation of the _gastrointestinal tract
'Symptoms begin
the hvuoric
tly
Within thirty minutgestion and may persist for
twenty-four hours." With higher dosages, illness usually progresses beyond the gastrointestinal stage and
results in manifestations of systemic intoxication, many
of them severe. The patient may become acidotic, comatose, convulse and experience cardiac arrhythinias:
—These so-called three Cs all probably result from hypocalcemia caused by the—binding of circulatingsalsusn by fluoride. '4.19 Fluoride also can inhibit enzyme
systems, thus impairiniTt—am amental cellular activities
like tissue respiration and aerobic glycolysis.'
The pattern of signs leading to death varies. kilood
pressure may fali—and shock may develop from vaso-

motor depression or the fluoride may act directly on
heart muscle.' Combinations of stimulation and
depression may affect both the central nervous system
and the respiratory center.' Death usually results from
either cardiac failure or respiratory paralysis.' Generally, serious symptoms develop within an hour or two
and death occurs from two to four hours after ingestion." If death has not occurred after twenty-four hours,
the prognosis for recovery is good."
Treatment
Because soluble fluoride is an effective emetic, large
ingested —Taints
an
frequently procitrurr
vtrrin
li ig.21 I t is
unwise, however, to wait for spontaneous vomiting to
occur; rather, vomiting should be induced promptly
with syrup of ipecac or by digital or mechanical stimulation of the back of the tongue or throat. Subsequent
efforts should concentrate on decreasing fluoride ab:
sorption by administering fluoride-binding liquids like
lime water (Ca(OH),), liquid or gel antacids containing
aluminum or magnesium hydroxide, or milk." The affected individual should be taken to a hospital, where
the stomach should be Washed thoroughly with additional lime water. At the first sign of muscle tremors,
luconate should be administered intravenously, along with saline and glucose to prevent
shock."' Urinary volume should be kept high with
parenteral fluids and urinary pH should be raised with
alkalinizing diuretics.' The speed of initiating proper
treatment can be critical to a patient's chances of survival.
If it is certain that an amount below the STD of 8
mg F/kg has been ingested, the resulting symptoms
si"Ould be no more serious than nausea, vomiting and
other manifestations of low-level poisoning: In these
instances, observationor
a fes hoirs an general supf.--k7
portive care are all the treatment that is necesar-ry.
wi th bsrger dosages or if there is doubt about
the amount inges, which probably is the case
•most accidents, the nearest poison contror7ex7s-T—.
cet
1ould
immediately be contacted. For severe poisoning they
are likely to recommend that vomiting be induced,
fluoride-binding liquids administered and the patient.
•
taken to the nearest hospital emergency room.•
Other investigators concerned with acute fluoride
- toxicity have suggested a lower safely tolerated dose
than 8 mg F/kg to ensure minimum toxicological risk.
For example, levels of 3.6 mg F/kg and even 1.6 mg
F/kg have been recommended, but these values have

3
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been criticized as being arbitrary and too conservative.
This attitude, however, encourages unnecessary emergency room visits?'
CHRONIC FLUORIDE TOXICITY
Frequent exposure to low levels of fluoride over
longed period can produce manifestation-s—OT-ch—ronic
fluoride intoxication. Three of the commonly recognized effects of chronic toxicity, with estimated dosages
and durations of administration, are shown in Table 4."
Teeth in their early stages of development are the body's most sensitive markers of excessive fluoride intake.
Fluoride interferes with the normal development of
the teeth, causing hypomineralization of enamel or
dental fluorosis.' Observable changes in enamel range
from paper white areas scattered over tooth surfaces to
discrete and confluent pitting of the enamel. Severe
fluorosis ay be o cosmetic concern. Because fluorosis in developing teeth cannot be observed
until th77serupt years later, signs of severe dental flUo_.122f.ci
_
rosis appear too late t2war
chilren.
Epidemiologic studies have shown that some children will develop advanced forms of dental flystosis
consume water v.ith two to three
when they
eolai,__
r
-1vo
times the optimum fluoride concentration d_uring their
tooth-formative years. 2" These data do not, of course,
establish an exaot daily intake of fluoride le of
producing the condition. They do indicate, however,
that a not-too-wide margin of safety exists between the
optimum daily intake of fluoride to prevent caries and
that w ich causes signs of advanced chronic_fluoride
Teeth of children exposed to excessive fluorides (3rd
molars excluded) appear to be susceptible to dental
flporosis only until about age five; after that age, the
body tolerates chronic exposure to considerably higher
concentrations of fluoride, before the skeleton and the
kidney_ become afrected. 7-"' Bone has an unusually
high tolerance for fluoride without showing manifestations of pathology.'' Clinically damaging effects in
bone are not observed with amounts ten to twelve times
the quantities of fluoride normally present?' In fact,
the effect of fluoride on bone may be considered physiologically desirable and becomes toxicologic only when
clinical symptoms result. Subtle histological or radiographic changes may first be seen in bone at daily fluoride exposures to drinking water containing about 5
ppm?' When water containstipp_m fluoride,, radiographic eTen etTTd osteosclerosis r_acreased
o ir
'bone densjtv can be detected in 10 to 15 percent of

the population. These findings, however, do not have
clinic..
----7rirFificance. 33 At higher concentrations of fluoride, osteosclerosis becomes more dense and diffuse,
progressing to marked thickening of cortical bone, numerous exostoses throughout the skeleton and calcification of ligaments and tendons. In its severest form
called crippling fluorosis, the spine becomes rigid and
the joints stiffen, virtually immobilizing the patient.' ---,J
The dosage necessary to produce pathological skeletal
fluorosis is estimated at 10 to 25 mg F/day for a period
of 10 to 20 years?' This condition, however, has not
been reported in the United States, even where natural drinking waters contain concentrations of fluoride
as high as 20 ppm.' Lower threshold dosages of fluoride capable of producing toxic effects on the skeletal
system have been observed in some less economically
developed regions of the world, and may be associated
with poor nutrition?'"
Some data suggest that the major hazard from proking
fluorides_k_kidney damChronic nephritis from low level, long-term
fluoride ingestion, however, unlike acute toxic nephritis from a large single dose, has not been observed in
humans.' Rather, a hazard to humans has been extrapolated from animal experiments. Because susceptibility to toxic amounts of fluoride is believed to be'.
neither greater nor lesser in humans than in most
mammals, results of studies in animals, e.g., dogs, rats, _c
rabbits and calves, are probably valid for humans. The --' . s
studies show that animals maintained on doses of 5- 10
mg Pkg for periods of six months to nearly a year suffer
renal impairment.'
CALCULATING AMOUNTS OF FLUORIDE
IN PREPARATIONS

All dental professionals should know the amounts of

Vr
e_u_Lt_
ie a they use or rescribe. Currently,
four agents, acidulated phosphate fluoride (APF), neutral sodium fluoride (NaF), stannous fluoride (SnF,) and
sodium monoflurophosphate (M VP) are commonly used
for caries prevention. Table 5 shows a simple way to
calculate the amount of fluoride in products containing
these agents. The first step is to establish the percentage of fluoride ion in the compound. For APF preparations, the package insert and label show directly this
percentage. However, for NaF, SnFi and MFP preparations, information on the concentration of the entire
fluoride compound is usually given (e.g., 2 percent NaF,
8 percent SnF2 or 0.76 percent M FP). To calculate the
percentage of fluoride in NaF, SnF 2 or MFP, multiply

Misrmer, Jr 1-As
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Table 4 0 Toxic effects of chronic excessive fluoride ingestion.
Dotage
Duration
Effect
> 2 times optimal
Until 5 years of age
Dental fluocosis
(excluding 3rd molars)
Skeletal fluorosis
10-25 mg/day
10-20 yea
S-10 merit
6-12 mos
Kidney damage
• in animals
Table 5 0 Cakulaticms of the amount of fluoride in Nal% SnF, and !APF
compounds
0 Determine %F in compound
•

NaF

ii

SnF,

▪

Na,FP03

2.2
X molecular wgt ratio
[

V
'1.6
.

SAFETY OF CURRENT FLUORIDE THERAPIES
Reference standard
Estimates of toxicity for fluoride therapies used at home
or in dental offices considered in the remainder of this
paper are based on the STD and CLD for a small twoyear-old child, i.e., 80 mg and 320 mg F, respectively
(see Table 2). Two years is probably the earliest age
for concern about the risk of excessive fluoride ingestion, because that is when children usually develop
sufficient motor coordination to open bottles and tubes
kept around the home. As for exposure to fluorides in
dental offices, two years is also the generally recommend
a age for a child's first visit to a dentist.

Example: 2% NaF coutams 0.91% F
1
x —)
2.2
O Multiply % F by 10 mg F/1 ml
Example: 0.91%F x 10 gg 9.1 mgF/nd
O Multiply volume (m1) diligent by mg Rini
Example: 5 ml of 2% NaF
x 9.1 mg F/ml 45.5 mg F
5

the percentage given by the molecular weight converion ratios of 1/2_2, 1/4.1 or 1/2.6, respectively.
An example, which converts 2 percent NaF to 0.91
percent
F, is shown in Table 5. Having established the
l
percentage fluoride ion in grams/100 ml of solution,
the next step merely reexpresses the concentration in
mg of F/m1 by multiplying the percentage fluoride concentration by 10. Continuing with the example, 0.91%
F X 10 = 9.1 mg F/ml. In the final step, the calculated
number of mg of F in one ml is multiplied by the
volume (in ml) to yield the total amount of fluoride
contained in a treatment. Thus, in the example, a
professional application of 5 ml of a 2 percent NaF
solution contains 45.5 mg F. The amount of fluoride in
other fluoride preparations can be calculated in a similar manner. Unfortunately, labels of some fluoride
products give only the total volume of the-contents,
and manufacturers' instructions for home and office
treatments are often vague. But, by knowing the amount
of fluoride in a measured volume of an agent, practitioners can avoid exposing their patients to excessive
quantities of fluoride.

Professionally-administered topical fluorides
Preventive agents with the highest concentrations of
fluride' and, thus, with the greatest potential toxicity
are used for topical treatments in a dental office. Currently recommended professionally-administered agents
and the percentages and amounts of fluoride they contain are shown in Table 6. The values in the last column are the total amounts of fluoride potentially available
for ingestion. For the hypothetical two-year-old patient, the amounts of fluoride in each of the regimens
are below the CLD (320 mg F). The use of 5 ml of an
8 percent or 10 percent SnF, solution, however, would
expose a child to more than the STD (80 mg F). The
most widely used topical fluoride procedure calls for 5
ml of an APF gel (1.23 percent F), which contains less
fluoride than the STD.' Calculations show that the
ingestion of 7 ml of APF would be necessary to exceed
the STD (7 ml x 12.3 mg F/ml = 86 mg) and 26
Or almost an ounce, to reach the CLD (26 ml x 12.3
F/ml = 320 mg F). The latter volume represents more
than a five-fold safety factor compared with the recommended procedure. A prophylaxis with two grams
(equivalent to 2 ml) of an APF paste (1.23 percent F)

Table 60 Amounts of fluoride in prolessionallrachninistered topics/ fluoride
treatments.

Agent
2% NaF
8% SnF,
10% SnF,
A PF

Frequency
series of 4
every 3 yea
1 or 2/ye
1 or 2brr
1 or 21vr •

F Conc.
0.51%
1.95%
2.44%
1.23%

Volume
2-5 ml
5
5
5

ml
ml
ml

Total
amount
of F
22.5 mg
177.5 mg
122

mg

61.5 mg
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Figure 2. Fluoride retained from APF gel application: cotton technique. After Le Compte, E.). and Whitford.
G.M." J Dent Res, 1982.

of the applied dose." Investigators who used recommended procedures for professionally administered application of a fluoride gel have reported lower levels of
fluoride retention than those found by Ekstrand and
co-investigators.'
Table 7 lists recommended techniques for administering a concentrated fluoride gel designed to reduce
the risk of acute toxicity from swallowing too much
fluoride. Children under five years of age should be
treated with particular care to avoid occasional high
peaks of fluoride in plasma, which may produce dental
fluorosis.
Self-applied fluorides
Fluoride mouthrinses

•

40(.

prior to the gel application would increase patient exDilute fluoride rinses for use at home or in schoolposure by an additional 25 mg F (12.3 mg F/ml x 2
ml).
based programs are currently popular as a sinipTe way \
to 'exp 5se teet1 to fluoride frequently. Although . fin
al
Studies with adults and children by EkstraiSd and
Food and Drug Administration (FDA) clearance is still
co-workers have shown that ..substantial amounts of
Pending, several companies have introduced mouth-/
fluoride (up to 97.5 percent) can be ingested from topical application of concentrated fluoride agents."' • -rinse products for nonprescription sales."' Today, approximately ten million children are participating in
S y stemic side-effects following fluoride geltreatments,
fluoride mouthrinsing programs at school.'
su*a as nausea, vomitihg. gastmintestinal pain, and
oaursea iavnedfluvoom
ridit:(
Table 8 shows that the recommended fluoride condizzi ness, have
centration and frequency of rinsing differ for home and
,
tsreiP°
nchrtildr:;°W
t ravree events
school use. All products for daily use at home contain
ctreatraents._ These responses - should not be automati&illy ascribed to apprehension or stimulation of a gag
NaF, APF or SnF, at fluoride concentrations below
reflex. According to Ekstrand and his co-workers. APF
0.025 percent. The recommended 10 ml volume for all
.
gel applu.nnons
have th-e—potential for increasing plasma
these rinses contains less than 2.5 mg F (0.25 mg F/
ml x 10 m1). a safe amount, even if they are accidenfluoride concentrations to levels a roaching those retally swallowed. To reach the STD limit, the hypo-.
dysfunction. LeCompte and
sponsible
thetical two-year-old would have to swallow at one time
Whitford have expressecThconcern that hi gh plasmafluoride peaks following the application of concentrated . more than twelve ounces of a neutral NaF rinse (0.23
topic-al fluoride agents may produce dental fluorosis in
mg F/ml x 348 ml = 80 mg F) and to reach the CLD,
developing teeth.'' These concerns, however, stem from
about 15 quarts of rinse (0.23 mg F/ml x 1391 ml =
studies in Which concentrated fluoride gels were ap320 mg F). The largest commercially available bottle
plied by nonprofessional personnel or in which recof a NaF rinse contains about 509 ml or 118 mg F (0.23
ommended procedures were not closely followed. For
mg F/nil x 509 ml), an amount above the STD of
example. LeCompte and Whitford measured the amount
fluoride, but well below the CLD for our two-year-old.
of fluoride retained by nine to thirteen-year-old chilIt is unlikely that a child could consume the entire 509
dren from professional applications of an APF . gel via
ml, and most of the solution would probably be regura "paint on", cotton-roll technique. Subjects were not
gitated.
allowed to expectorate after the procedure nor was salSeveral nonprescjii ition fluoride rinses have been
ivary ejection or suction used. Figure 2 shows that.
recognized as effective by the Council on Dental Therunder these clinical conditions, about 47 percent of the
apeutics of the American Dental Association. To en- •
f:ecom inds
fluoride applied was retained in the mouth or swal- Isure safety, the
ds that containers
lowed. By using loam-lined trays and permitting ex- • for over-the-counter (OTC) sales be limited to 120 mg
pectoration, however. LeCompte and co-workers in
or 522 ml of mouthrinse (0.23 mg Pm! x 522 m1). For
another study were able to reduce the level of fluoride
products packaged in individual dosages, such as 10retention from a topical gel treatment to small amounts.
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Table 7 0 Techniques to reduce fluoride retention from pniessional gel-tray
applications.
O Warn patient not to swallow the gel
O Use small amounts (no more than Zvi ml/tray)
O Use custom-fitted or preformed trays with absorptive linen
O Sit patient upright use suction
O Permit expectoration followin g treatment

Table 8 0 Amounts of fluoride in self-applied fluoride rinses used at home
and at school.
Total
•
amount
Volume
of F
Frequency
F Conc.
Program
Agent
daily
.023%
10 ml
2.3 mg
0.05% NaF
Home
2.0 mg
.02%
10 ml
daily
APF
2.4 mg
0.1% SnF.
daily
.024%
10 ml
9 mg
.09%
10 ml
School
0.2% NaF
weekly

THERAPIES

because soluble fluoride is a powerful emetic, the kindergartener would likely vomit before such large volumes could be consumed and absorbed.
U.S. suppliers of fluoride mouthrinse products for
school programs sell concentrated sodium fluoride
powder, mostly in packets of two and three grams. A
two-gram packet of NaF contains about 909 milligrams
of fluoride, an amount that, if ingested without prompt
treatment, would be fatal for school children through
about twelve years of age (Table 2). Misuse of a threegram packet would- prove even more dangerous. Schools

are directed to keep stored packets in securely . locked
places and macc' iglec}ild reruntilthare used,
nethods of security vary and are not always rigorously enforced.

ml aliquots of solution, the Council's acceptance limit
is higher, 136 mg F, because individual packaging makes
it more difficult for children to ingest large amounts of
fluoride.' In addition, the Council recommends that
such products have a child-proof cap and measuring
device and that the labeling stipulate that the rinse
should not be used by children under six years of age,
because control of their swallowing reflexes is not good.'
If daily fluoride rinses are regularly swallowed by children younger than six, dental fluorosis may occur in
developing teeth. Packaging of current ADA-accepted
OTC fluoride rinses conforms to these safety recommendations.
Weekly rinsing with a 0.2 percent NaF solution is
the preferred procedure for school - based programs. 52'" As shown in Table 8, use of 10 ml of a0.2
laF (.09 percent F) solution exposes a school
s.maent to a risk of accidentally ingesting 9 mg F (0.9
mg F/ml x 10 ml), an amount much too small to prouce acute toxicity. For children in kindergarten, the

recommended volume of rinse is 5 it which reduces
potential ingestion to 4.5 mg F.
Margins of safety for a school fluoride-rinsing program should be based on a five-year-old, the youngest
school-age child at risk. Assuming a weight of 33 lbs
(15 kgs) for a small five-year-old child in kindergarten,
the STD would be 120 mg F (8 mg F/kg x 15 kg) and
the CLD would be 480 mg F (32 mg F/kg x 15 kg)."
Thus, to exceed the STD, a five-year-old would have
to swallow more than four and a half ounces of solution
(0.9 mg F/ml x 133 ml = 120 mg F) from a mixing
bottle or about 13 cups containing 10 ml solution. To
ingest the CLD, more than eighteen ounces (0.9 mg
F/ml x 533 ml = 480 mg F) would have to be swallowed, or about fifty-three cups containing 10 ml. Again..

Sr4('''
1
:
• tiF

Although school-based rinsing .programs have a remarkable safety record, concern has increased about
the potential hazard of packaging these large quantities
of socr—
itir
ori e. Recognizing that every precaution
should 'be taken to avoid an accident involving school
fluoride mouthrinsing, investigators at the National Institute of Dental Research have urged manufacturers
to limit packets to 1 gram of NaF.' Because one gram
of NaF contains 4&s mg of F, an amount below the
CLD for a small six-year-old child (Table 2), such packets assure greater safety. Other safety recommendations include: that the packets be made of tear-proof
material, that flavoring and sweetening agents be omitted from the NaF powder to make its taste and odor
less appealing to a child, and, that the packets bear
"Lt.
or othepictorial sy2Ltoindicate
searnot to be e ateri Efforts to per.14
that the c(n Wt-suade manufacturers to adopt these safety recommen-

dations -have been only partly successful.'
Fluoride dentifrices

Fluoride toothpastes now account for approximately 85
percent of the dentifrice market in the U.S.' Tge
Council on Dental Therapeutics of the American Dental Association (ADA) currently recognizes five decaypreventive dentifrices." As shown in Table 9, they all
contain about 0.1 percent F formulated from either

Table 90 Amounts of fluoride In ADA accepted fluoride toothpastes.
Weigh/

Agent
0.76% '
0.24% N&F

•

1 gm a 1 ml

Frequency
1 to 3x daily
I to 3x daily

F. Cone._
0.1%
0.11%

brushing
1 gm
1 gen

Total
amount of
F/brushing
1.0 mg
1.1 mg
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NaF or M FP; none any longer contains SnF,. A single
brushing with a 11 ribbon of paste on a brushhead
provides about one gram (equivalent to 1 ml) of toothpaste, and will expose an individual to approximately
1 mg F (1 mg F/gm x 1 gm). It is only when substantial
quantities of paste are eaten, by children who may experience the phenomenon of pica, that the acute toxicity of fluoride dentifrices must be considered.
The largest container of toothpaste manufactured, a
nine-ounce (270 gm) "family-size - tube, contains about
270 mg F (1 mg F/gm x 270 gm). This amount of
fluoride is below the CLD of 320 mg F for our hypothetical two-year-old, but exceeds the STD of 80 mg
F. Detergents and flavoring oils in dentifrices, howY
mgested in large
ever, irritateti_lestoman—
° Also, excipients, such
amounts, and cause vomiting.
as abrasives, may interfere with complete intestinal absorption of fluoride from toothpastes.' Thus, a child
is unlikely to receive a highly toxic amount of fluoride
from eating a family-sized tube of dentifrice. Since,1955,
when a fluoride dentifrice was first introduced for sale
over-the-counter, no untoward occurrences have been
reported with the use of fluoride toothpastes. Recognizing the inherent safety of fluorides in toothpastes,
the Council on Dental Therapeutics has excluded this
product from its 120 mg F limit for agents used in the
home.' Another authoritative body, the Food and Drug
Administration Advisory Review Panel on OTC Anticaries Drugs, has recommended that the fluoride content of dentifrice containers be limited to 260 mg of
fluoride.'
Rather than acute systemic illness, the main concern
associated with use of fluoride toothpastes is the risk
of producing dental fluorWinom the regular ingestion
of small amounts by children under six years of age.
oo rushing habits-Tira-Wd-reiciFow that
Studieb
a large proportion . of them start to use a dentrifrice in
early childhood and without parental assistance.'" For
example, one survey found that 75 percent of children
studied had started to use dentifrice by eighteen months
of age." Estimates of the average Proportion of nonrecoverable toothpaste and presumably swallowed by
preschool children have ranged from 25 to 33 percent,
with substantial individual variation."' Few children
in these studies, however, consistently ingested large
° Nevertheless, it is not un--di quantities of dentifrice.
likely that some young children who brush twice a day,
repeatedly ingest as much as 2/3 mg F daily (113 x 1
mg F + 1)3 x 1 mg F). This amount of fluoride is
above that recommended for systemic supplementation for children under three years of age, and justifies

concern that fluoride in dentifrice may contribute to
dental fluorosis among preschool users, particularly those
already receiving optimal amounts of fluoride from
fluoridated drinking water or from dietary fluoride supplements.'
During the past twenty years since use of fluoride
toothpastes in the U.S. has become widespread, there
were not documented reports of an increase in the
prevalence of dental fluorosis, until recently. Contending that fluoride has increased in the food arin, in
unintentional ingestiFflnlentifrice,
Leveret cites evidence-rrom— hi7o7vn studies ina fluoridated community that dental fluorosis has become more
preyalent.° A recent PHS survey in several naturally:..-fluoridated communities in Illinois, however, found little evidence of a change in the prevalence of dental
fluorosis in the past forty years.'
Although not yet defmed, a potential problem from 2/.
consumption of fluoride dentifrices by young children
clearly exists. Parents should regularly assist preschool
children in brushing their teeth. At the very least, parents should make sure that only a pea-size portion of
fluoride
te is on the childs othbrush and remind
the child
uen y•to rinse and spit out thoroughly
, ushing,
afrjr
When fluoride dentrifrices were first marketed nationally, the FDA requested that productscau-/
tionary labeling proscribing their use bi children under.
six.' Subsequently, the FDA withdrew its request.'
Increasing concern about children's toothbrushing habits and the possibility of producing dental fluorosis
prompt a reconsideration of restrictive labeling of fluoride dentifrices. A cautionary statement against unsupervised use by children under six appears desirable.
For children six years of age and older, the amount and
frequency of use of fluoride dentifrices pose neither
health nor cosmetic risks.
Dietary fluoride supplements
A tentative dosage schedule for fluoride supplements
was derived from early estimates of the total amount
of fluoride ingested daily by children living in optimally
fluoridated communities. Because consum tion of fluoride supplements, being sir
---7,
1 1 e daily oses, produce
leiCrs
'eqiiTrit, but higher lasma eaks than dilnking
fluoridated water, t ej..gf deve oping dental fluorolirlEom dietary supplements warrants consideration.° Title- 10 shows the current dosage schedule for
dietary fluoride supplements recommended by the
Council on Dental Therapeutics.' The .schedule applies in areas with negligible concentrations of natural
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Table 10

0 Supplemental fluoride dosa ge schedule'.
Concentration of fluoride in water (ppm)
Greater than 0.7
0.3 to 0.7
Less than 0.3
0
o
0.25t

Age (years)
Birth to 2
o
0.25
0.50
2 to 3
. o
0.50
1.00
1 to 13
• Approved by the Council on Dental Therapeutics of the American Dental
Association°
t mg F/day

fluorides in water and in areas with appreciable, but
suboptimal concentrations of water-borne fluoride (between 0.3 to 0.7 ppm F). Kr. iowledge of the existing
fluoride concentration in drinking water is required to
determine the appropriate dosage for dietary fluoride
supplements. Local water companies or state or local
dental health officials have this information for community water supplies. For private wells, individual
water samples should be sent to a laboratory for fluoride analysis. Most state. and local health departments
and some dental schools provide this service. •
7-Esthetically unacceptable dental fluorosis has not been
reported with use of the dosages recommended by the
Council on Dental Therapeutics. The only documented
"report of significant dental fluorosis from the use of
dietary fluoride supplements is from a study in which
the former dosage recommendation of the Committee
on Nutrition of the. American Academy of Pediatrics
(and by several manufacturers of fluoride supplements)
of providing 0.5 mg fluoride during the first two years
of life was followed.'" The Academy's Committee on
Nutrition has since revised its dosage schedule, which
now essentiallFigrnes with that of the ADA.7'
Proprietary sodium fluoride preparations in the form
of tablets and solutions are available in containers hold-

n of fluoride, a four-month
ing no more than1.30.4i
supply for a child three years of age and older. Each
package should bear a label, "Caution—store out of the
reach of children" and should have a child-proof closure. Tablets with the most fluoride contain 2.2 mg of
sodium fluoride and release 1 mg of ionic fluoride. The
tablets are usually pleasantly flavored and artificially
sweetened, a practice that adds an undesirable hazard
to any drug-product. If our hypothetical two-year-old
or about twosbould.cousi.
tme or han tablets,
y
thirds of a bottle (8°A2o), the safely tolerated dose would
be exceeded. It would require the consumption of 320
tablets or about two and two-thirds bottles (120 + 120
+ 80) to reach the child's CLD. Because fluoride in
solid form is probably less emetic than the same amount
as a liquid, vomiting, would not necessarily occur if
(

Yrzt ;-.Tirte

Table 11 0 Fluoride prescription practices of physicians by fluoridation status
and size of communities.
LOCMOTI

Type
Practice
Pediatrician
Family doctor

Large F
cities
49%
35%

Small F
towns

CNon-F

79%
49%

89%

1.21.1

78%

(Margolis, F. J., et al.")

12rge quantities of tablets were consumed. For liquid

preparations, assuming eight drops (0.5-ml) contain 1
mg fluoride, the STD and CLD would be 40 ml (40/.5
= 80 mg F) and 160 ml ( mts = 320 mg F), respectively, for our reference child. In general, reports show
that liquid fluoride preparations have been consumed
in larger amounts and have produced symptoms more
frequently than tablets.' The majority of reported accidents have occurred among children under three years
of age, but none has resulted in serious symptoms.'_[
Until recently, the relatively high fluoride concentration of commercial - ready-to-use" or concentrated
infant formulas prepared with fluoridated water has
concerned some researchers and public health personnel.' Concern was greatest for infants who consumed
fluoridated drinking water or who received dietary
fluoride supplements. In the late 1970s, however, the
major manufacturers of baby formulas in the U.S. allayed concern by reducing the fluoride concentration
of their products to a uniformly low fluoride level."'
Fluoride-prescribing practices by physicians have
caused another problem. Only 13 percent of U.S. children have visited a dentist by age five.' Because all
primary and early-erupting permanent teeth (central
and lateral incisors and first molars) have completely V.--calcified by this age, many children miss a critical time eire" q
for deriving enhanced caries protection by systemic exposure to fluoride. Physicians thus bear the primary
responsibility for provirig
-s-Children with fluoride sup-'
plementation. In a national survey of physicians who
treat children, Margolis and co-workers found disturbing patterns of prescribing fluorides.' As shown in Table 11, 22 percent of family practitioners in
nonfluoriaated areas did not prescribe fluorides, *.
whereas, 7.9_percent of pediatricians in fluoridated small
towns and 49 percent in fluoridated large cities -did. .4".....„,..
According to the investigators, - On the face of it, these
prescriptions (or lack of them) seem inappropriate.
They further commented that their data are based on
only a 49 percent rate of response. If nonresponding
physicians can be assumed to be even less 'conscien-
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tious and knowledgeable than those who did, then the
problem may be worse than the survey indicated. Another study in Han-is County, Texas. a fluoride-deficient area, also showed a lack of knowledge among
physicians of proper prescribing practices for dietary
fluoride supplements.'
One aspect of fluoride supplementation that has been
subject to much discussion for many years is the value
of prescribing fluoride supplements for .Rregnant women
to protect the teeth of their offspring. Because clinical
evidence was insufficient, 'The FDA, in 1966. banned
manufacturers from marketing fluoride products bearing a claim that dental caries would be prevented in
the offspring of women who used the products during
pregnancy.' The FDA did not question the safety of
the procedure because there was not an indication that
the recommended dosages of fluoride harmed either
pregnant women or their fetuses. Although the ban
effectively stopped the pharmaceutical industry from
promoting fluoride supplements for prenatal use, it did
not prohibit physicians and, to a lesser extent, dentists
from prescibing them for pregnant women. Such supplementation has been standard practice in some European countries for many years, and was commonly
recommended in Australia until 1976.
Studies published in 1977 and 1979 by Glenn made
Klostnatal
a a--7—
claims of "caries immunity" from prenat1
fluoride supplements in an optimally fluoridated cornmunity.'' TE; design of her —-ts 131;;Tiowever, precludes attributing the observed effect specific-ally to

prenatal fluoride administration. A further concern with
Clenn s regimen is that the develo teeth of children in her dental practice are exposed to two separate
recommended sources of fluoride_ i.e., fluoride supplements and fluoridated water, and thus, receive twice
the optimum intake. The teeth of these children should

be at considerable risk...L
i: . ckv.liaping dental fluorosis. •
The rationale and supporting evidence for use of prenatal fluorides were reviewed at an ADA symposium
in 1980." It was concluded that. despite Some encouraging results, particularly in the primary dentition, adequilte clinical evidence to support their use is still
lacking. In other words, the FDA ban on claims of
efficacy is as justifiable today as it was more than fifteen
years ago.
Abusive use of fluorides
The only known fatality following fluoride prophylactic
treatment in a dental clinic was reported in 1976.'1 The

' rocedures and estimated amounts of fluoride given in I case of
c,
Table 120 P
fatality from abusive use.
Procedure
Estimated amount of fluoride
4% SnFt • solution with pumice
2 grams paste a
19 mg
SnFt solution to remove paste
24 mg
2 ml
34 of 3 oz_ Cup
621m
% SnFt rinse
Total z 664 mg

c4

• Sat 9.7mg Thal

patient, a caries-free, three-year-old child received
multiple stannous fluoride treatments from a dental
technician. Table 12 shows the topical fluoride procedures used and best estimates of the amounts of fluoride placed in the child's Mouth. A concentrated 4
percent stannous fluoride solution (0.97 percent fluoride or 9.7 mg F/ml) was mixed with pumice and applied to the teeth with a cotton swab. About two grams
(equivalent to 2 ml) of material or about 19 mg fluoride (/
might be used to apply the paste in this manner. The 19".
technician removed the paste with a cotton swab clipped
in a 4'percent stannous fluoride solution. Estimating
2-112 ml of solution for this purpose, an additional 24
mg fluoride may have been introduced into the child's I
mouth. Finally, the child was instructed to rinse. with •
a 4 percent stannous fluoride. solution contained in a
small, three-ounce (85 ml) paper cup. Assuming that
the cup was 3/4 full, it contained 621 mg fluoride (64
ml x 9.7 mg F/ml). Thus, the combined treatment
may have exposed the child to a total of about 664
fluoride (19 + 24 + 621). There is no way of knowing
the amount of fluoride actually ingested by the child.
Moreover, the child vomited shortly after the rinse.
The history obtained at the time of the accident indicated that the child had swallowed half the contents of
the paper cup or 310 mg fluoride (32 ml x 9.• mg F/
m1). That amount in itself approaches the CLD of 378
mg fluoride for a three-year-old child (11.8 kg x 32
mg Fikg).
This tragedy should remind all of us that despite the
body's efficient mechanisms for handling fluorides: the
margin of safety is not wide enough to allow gross abuse
or miscalculations. Even so, had the symptoms of fluoride poisoning been promptly recognized and life-saving therapy immediately instituted, the tragedy could
probably have been averted.
We cannot permit indiscriminate use of this important caries-preventive agent. In an editorial on the accidental death of the three-year-old, .Horowitz pointed
out that each of the three things the dental technician
did was blatantly wrong: a concentrated fluoride solution should not be added rid libitum to pumice to make
a slurry for application to teeth: a concentrated fluoride
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solution should not be used on a swab to remove adherent paste from the teeth; and a concentrated fluoride solution should not be used for mouthrinsing,
particularly by a young child who has not yet gained
control of swallowing reflexes."
Clinicians should not be their own chemists and devise their own preventive concoctions. Fluoride should
always be used in correct concentrations and according
to recommended procedures. Every office or clinic
should have a current edition of Accepted Dental Therapeutics, the American Dental Association's compedium of appropriate drugs, dosages and procedures for
the prevention and treatment of oral disease. This book
should be consulted before adopting any new forms of
fluoride treatment.
fluoride rinses has found
Thei
ll2eptclf_sIncentrated
ic
favor with some pharmaceutical companies. Fluoride
rinses consisting of two formulations (used sequentially
or. in . combination), a 0.31 percent acidulated phosphate-fluoride solution and a 1.64 percent stpnous
fluoride solution are being aggressively marketed by
these companies." These products have inherent appeal for use in dental offices because of their convenience and apparent efficiency, and are marketed to
practitioners as "practice money-makers." The products, however, deviate from approved concentrations
and methods of delivery for self-application. Products
that combine APF and SnF„ have not been recognized
as safe or effective by the ADA's Council on Dental
Therapeutics. When a child uses the combined rinse
as directed, about eleven to thirteen times the amount
of fluoride contained in the accepted weekly fluoride
rinse (9 mg F) is taken into the mouth, an amount that
is not lethal, but which may be more than the STD of
fluoride for a very young patient. Although the regimen may not represent a clearly abusive use of fluoride, pçtitioners should understand that it does not
have scientific backing or recognition.
•

-

CONCLUSION
When any type of professional fluoride regimen is used,
operators must take precautions to avoid
of
excessive amounts by their patients.. Fluoride preparations-To-Flhe hiime and- school should be dispensed
in appropriate quantities, labeled with suitable cautionary Statements, administered with careful supervision, packaged with child-proof closures or in tearproof materials, and stored in safe locations.
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Practitioners should keep abreast of information on
approved concentrations, employ recommended methods of delivering fluoride preparations in their offices,
know the potential toxicity and margins oLsafety of
Th-ese products, and be familiar eme encv easures for treating acci ental overdosage. Personnel dele fluoride treatments should be trained
in every detail of the procedures and be adtely
supervised. When fluoride products are handled judicioby practitioners and patients and with due respect for their potential acute and chronic toxicity , the
risk of adverse effects is small
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FLUORIDE TOXICITY
In the United States alone, there are about eight million children enrolled in
school-based fluoride rinsing programs. Attesting to the safety of these programs
and the conscientiousness of the individuals in charge is the fact that no fatality or
serious accident has ever been reported. Nevertheless, those in charge of such
programs Should make sure arfiruon e supplies are carefully stored in a locked
cabinet or closet and that a strict daily inventory is maintained. Additionally, emergency procedures for inadvertent fluoride ingestion should be posted in the school
nurse's office and should be familiar to all rinse personnel.
Mellberg. J.R. and Ripa, L.W.:
Fluoride in Preventive Dentistry. Chicago:
Quintessence Books, 1983, p 270.
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The highest fluoride value in soft tissue organs recorded to date
of ersons who had lived in fluoridated
1s8 411 •em in the ao
rand Ra•ids and 2-140_ ppm in the aorta of a person who had
"- lived in an unfluoridated city in New Yolk State." Such hie_
. found in the bones even in advanced
wrierally
levels exciirlh-Jii-iskeletal flu orosi-s.
Observations of this nature demonstrate that fluoride is stored
in soft tissue and that fluoride levels vary unpredictably from person to person and even within the organs themselves. The question
then arises: how does the storage of fluoride in , such organs or. its
passage through them affect their function? Most research on this
subject in the past has dealt with doses larger than those involved
through drinking artificially fluoridated water. Nevertheless, the
data in the following sections warrant careful consideration since
they provide a biological basis for the symptoms 1 have described
in Chapters 9 and 10 on chronic fluoride poisoning.
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One of the most striking features in the early stage of fluorosis
is the craving for fluids, accompanied by excess production of
urine. Indeed, the more water the patient drinks the thirstier he or
she becomes." Polyuric nephropathy (a kidney disease characterized by excess urination) has been established as a major manifestation of fluoride toxicity in its early stage." This fact and the
important role of the kidneys in the elimination of fluoride from
the body have led to extensive studies of the action of fluoride on
kidneys.
Experimental Data. For instance, the presence of . 500 ppm of
sodium fluoride in the diet of rats for 21 to 28 days produced
damage to the kidney tubules which regulate homeostasis (the
equilibrium of ions) in the blood." Similar levels of fluoride intake resulted in impaired kidney function and accounted for retention of non-protein nitrogen and of creatinine in the blood." Such
high intakes of fluoride also affect the glomeruli, the filtering units
of the kidneys. 3° Fluoride in amounts of 2 to 7.5 mg given daily to rats for 18 to 48 weeks induced excessive thirst, frequent urination, and increased elimination of nitrogen through the
urine. It also lowered the kidney threshold for sugar. Histologic

Radiological Aspects of a New Type
of Bone Fluorosis, Periostitis Deformansi
M. SORIANO, M.D., and F. MANCHON, M.D.,

1952 ONE OF THE authors described a fluorosis may be classified in four wide
new bone disease, which was called groups of lesions, as follows :
periostitis deformans (1, 2), and in 1964
1. Endosteal changes or fluoric osteitis:
he identified it as a new type of bone (a) condensing osteitis, visualized as sclerfluorosis due to habitual drinking of wine otic or osteopetrosis-like bone changes ; (b)
containing fluorine—Wine fluorosis (3)-.
rarefying osteitis, characterized by porotic
Although this disease is rare, 28 cases and malacic bone aspects; (c) sclerohave been observed in Spain since the time atrophic osteitis, a mixed form.
of its original description. Many others
2. Periosteal changes due to fluoric
have undoubtedly passed unnoticed, since a periostitis, which appear as osteogenic perihigh proportion of them have been en-one- osteal proliferations.
ously diagnosed as benign and malignant
3. Pathological changes in tendinous and
bone, tumors, chronic osteomyelitis, chronic muscular structures around the bones, which
polyarthritis, rheumatoid disease, and may be considered as osteophytosis intabetic arthropathy or Paget's osteitis vading the soft tissues (invading osteophytosis).
deformans.
The x-ray examination of bones is suffi4. Joint changes or fluoric art hrosis.
cient to establish the diagnosis, some speTypical Changes in Periostitis Deformans
cial features having a pathognomonic
value. The condition is of considerable
The following are typical features of
interest, as in several countries fluorine is periostitis deformans :
customarily added in excessive quantities 1. Endosteal changes due to sclero-atroto wine as a preservative (4, 5). The sub- phic osteitis: A slow initial osteosclerosis
sequent intoxication remains unsuspected appears, which gradually resolves into
by both patient and attending physician in osteoporosis and bone atrophy. We have
the majority of cases, so that frequently the termed this process "sclero-atrophic ostei. disease is discovered initially by the tis" (Figs. 1 and 4).
radiologist.
2. Periosteal changes developed through
outbreaks of periostitis deformans: PeriodPERIOSTITIS DEFORMANS AND FLUOROSiS
ically- subacute outbreaks are observed of
• CHANGES
hyperostotic periostitis. During these outOur cases of periostitis deformans were breaks the affected bones show zones of
carefully studied from clinical, radiological, periosteal hyperostosis which grow luxuriand pathological points of view, and the antly until they resemble bone tumors. In
findings were compared with those in clas- the fingers they will reach the size of an
sical.bone fluorosis of drinking water or pro- almond and in the forearms and femur they
fessional origin and with those in experi- may expand to the size of an apple (osteoblastic stage). Once the lesions finish
mental fluorosis.
growing and after a period of about three
Common Changes in Fluorosis
to five months, the osteoclastic stage
The typical pathological features seen in begins, and they become smaller. Some
roentgenograms of all patients with chronic may regress totally (atrophic stage). Peri1 From the Department of Clinical Medicine, School of Medicine, University of Barcelona, Barcelona, Spain.
TN
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The most recent research on periostitis deforrnans has been carried out with financial assistance from the "Foment° de la investigacion de la Universiciad" (University Research Promotion) of the Ministry of Education.
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Fig. I. The endosteal lesions of osteitis, sclero-atrophy in the humerus, with zone of osteoporosis and bone
atrophy in the humeral epiphysis.
Fig. 2. Phases of the appearance of periostitis deformans in the cubitus. A. Initial growth phase (osteoblastic
phase).
B. Osteoporotic phase in the same bone, a year later (osteoclastic phase).
C. Atrophic phase in another patient. The atrophied periosteal bone has fused with the diaphyseal bone.

ostitic changes that do not disappear entirely leave deformities in the affected
bones (Fig. 2).
Outbreaks of periostitis deforrnans are
the most apparent and typical manifestation of the disease. They produce some
pathognomonic aspects on roentgenograms,
thereby distinctly defining this clear-cut illness (Figs. 3 and 4).
.3. Soft-tissue changes in periostitis deformans due to the invading osteophytosis:
We have given the name "invading osteophytosis" to the development of exuberant
osteophytes that widely invade tendons,
fasciae, and muscles inserted in bones.
Osteophyte formation evolves largely in
periostitis .deformans. As in all the other
hyperostotic changes seen in the disease,
the osseous lamellae of osteophytes at a
later stage become rarefied by osteoporosis
and undergo atrophy, although they will
not diminish in size.

4. Joint changes: In periostitis deforthans the fluoric arthrosis is likewise of
marked intensity, especially when localized
in the hip, knee, or elbow.
RADIOLOGICAL DIAGNOSIS OF PERIOSTITIS
DEFORMANS

In each of the typical groups of periostitis deformans the x-ray changes are
characteristic.
I. Radiological features of sclero-atrophic
osteitis: At the onset . osteosclerotic
changes appear in the vertebral column, the
pelvis, and the shafts of the long bones.
From the very beginning, osteoporotic
zones may be seen in the epiphyses of the
long bones. Subsequentl y , osteosclerotic
changes appear in the original sites, with
the osteoporotic zone expanding toward the
adjacent areas, eventuall y affecting the
cortex, and finally involving the pelvis. In
the last stage, osteoporosis invades the
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Fig. 3. A. Appearance of periostitis deformans in the phalanges of the hand.
B. The same fingers as in Fig. 3. A, a year later. The newly formed bone tissue previously shown has been
almost entirely reabsorbed.

Fig. 4. Advanced ostcoporotic phase of periostitis deformans. Endostcal lesions of sclero-atrophic osteitis
in the phalanges of the hands and feet. Typical periosteal reaction, in the osteoporotic phase, in a phalanx of
the hand.

vertebral column and all the remaining sis coexist with others of marked osteoporosis, a highly typical feature of this disease.
bones (Figs. 1 and 4).
2. Radiological aspects in the outbreak of
In the same bone, areas of intense sclero-

• •-•
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endosteal bulges are covered by periosteal
bone structures intimately fused with them
(Fig. 5).
3. Radiological aspects of invading osteophytosis: Large osteophytes of endosteal

.•
Fig. 5. Endosteal lesions of periostitis deforrnans.
The femur shows porotic bruise of the compact bone of
the neck, intense atrophy of the head, and consolidated
fracture. Zones of sclero-atrophic osteitis in the pelvis.

periostitis deformans: During the early
growing stage, or osteobldstic period,
periosteal pseudotumors appear. These
are composed of projecting nodules of
newly formed bone limited by round or
multicircular margins, presenting a radial
structure in the shape of a fan or cockade.
In the osteoclastic stage they assume the
form of a fine reticular structure and later
merge into a progressive osteoporosis.
Finally, atrophy appears in the osseous
lamellae, shown on radiographs as honeycomb images. When new lesions of periostitis develop in earlier ones, the roentgen
appearance is that of stratified layers in
which each layer corresponds with one new
outbreak of activity. These go through
the same stages as the previous lesions
(Figs. 2-3).
Some subacute outbreaks of the disease
may invade areas of endosteal bone. The
• osseous lamellae of the compact endosteal
• bone will then undergo an expansive outburst of activity and produce a bone swelling. These osseous lamellae develop
quickly, thicken and separate, and at the
same time leave wide spaces between them.
Later the lamellae of this endosteal tumor
begin to atrophy and form large swellings
in the endosteal bone. Frequently these

or periosteal origin may expand widely,
acquiring bizarre forms. A typical image
is given by some osseous lamellae of irregular margins extending into the interosseal
membrane of the forearm. Equally typical features are the harpoon-shaped
changes in the tibia and the rostrum-like
one in the calcaneum. There may also be
large thin plates expanding widely into the
muscles (Fig. 6). Sometimes isolated bone
nodules may be seen within tendon sheaths
or muscles—radiological features of fibrositis and myositis ossificans (Fig. 7). Calcifications in artery walls are also frequently observed (Fig. 2).

4. Radiological aspects of iluoric art hropathies in periostitis deformans: Around
joints there is a development of thick
marginal osteophytes. In some instances
they grow to such an extent as to block the
joint movements (blocking arthrosis).
The joint block is also promoted by calcification of the periarticular ligament. The
most usual sites of articular changes are the
hip, the sacroiliac joint, the elbow, and the
knee. The vertebral column is commonly
affected in older persons. Advanced stages
of the disease show atrophy and ulceration
of joint cartilage. All the changes of
periostitis deformans tend to be symmetrical.
LATENT FORMS IN PERIOSTITIS DEFORMANS

At the onset, limited osteosclerosis of the
vertebral column and pelvis may be apparent, along with a slight periosteal reaction and porotic areas in the shafts of the
long bones.
Long after the outbreaks, the periosteal
outbreaks have regressed, leaving only thin,
frankly porotic layers of periosteal bone.
The most conspicuous findings in such
patients are the sclero-atrophic osteitis and
the invading osteophytosis and arthrotic
changes.
Areas of atrophic osteitis are likely to be
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. FT. 6. The invading osteophytosis of periostitis deformans. Autopsy radiography discloses deformity
atrophy of the head of the femur, zones of osteoporosis and osteosclerosis in the femoral diaphysis.
Fig. 7. Osseous neoformation in the muscles of the hind part of the thigh — " myositis ossificans."
t

the sites of spontaneous fractures (Fig. 5).
'O sseous deformations may remain, some
.11 P roduced by residual hyperostoses of
P eriosteal or endosteal origin. Less fre-

quent is the appearance of curvatures of the
tliaPhyses.
New subacute outbreaks of periostitis
def ormans may supervene at any stage of
the disease.
It is always necessary for the radiologist
suggest the fluoric origin of the disease,
•7 !?=111 Phasizing the need to search for the
=Axie substance in the patient's environ-

ment and in wine he customarily drinks.
To confirm the diagnosis, a fluorine
bioassay must always be performed in a
bone biopsy taken from the iliac ,crest.
Pathological values are estimated to be
above 400 mg of fluorine net weight per 100
g of tissue ashes.
SUMMARY

A study is made of the radiological character of fluoric diseases in general and of
periostitis deformans in particular. The
latter manifests itself in four chief features:

'
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(1) endosteal changes, or sclero-atrophic
osteitis, showing osteosclerosis alternating
with zones of osteoporosis and bone
atrophy ; (2) periosteal changes, reflected
by periodic outbreaks of periostitis deformans. These outbreaks include the
rapid development of large periostoses
which simulate bone tumors and follow a
recurrent evolution. They are pathognomonic of the disease and also its most
representative feature; (3) invading osteophytosis evolving in the form of large
osteophytes that invade tendons, fasciae,
and muscular insertions in bones ; (4)

MANCII6N

December 1966

arthrosis, with gross marginal osteophytes
and calcification in joint ligaments.
Facultad de medicina
Barcelona, Spain
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SUMMARIO IN INTERLINGUA

Aspectos Radiologic de un Nove Typo de Fluorosis Ossee: Periostitis Deformante
Esseva studiate le characteristicas radio- pamento de grande perostoses simulante
logic de morbos fluoric in general e de tumores ossee e sequente un evolution reperiostitis deformante in particular. Iste currente e que es tanto pathognomonic del
ultime se manifesta in quatro charac- morbo como etiam le characteristica le plus
teristicas principal: (1) alterationes endo- representative de jib); (3) . osteophytosis
steal o osteitis sclero-atrophic, exhibiente invasive que se evolve in le forma de grande
osteosclerosis 'in alternation con zonas de osteophytos invadente in tendines, fascias,
osteoporosis e atrophia ossee ; (2) altera- e insertiones muscular del ossos ; e (4)
tiones periosteal, reflectite in eruptiones arthrosis con macroscopic osteophytos
marginal e calcification in ligamentos
periodic de periostitis deformante (i.e.,
eruptiones que include le rapide disvelop- articular.
SUMMARIO IN INTERLINGUA

Evalutation Theoric de un Limitation in le Uso de Analogos de Pyrimidina in le Radiotherapia
(Pagina 1065)

Esseva considerate theoricamente le alteration del DHCoo = dose histoculturalso)
occasionate per tractar un population de
cellulas tumoric con un agente radio-sensibilisatori que sensibilisa solmente le cellulas
que se trova in un phase particular del
cyclo de replication cellular durante que
le agente es presente in un concentration
efficace. Un tal composito es 5 BUdR,
un halogenate analogo pyrimidinic de
thymidina, que sensibilisa solmente cellulas
passante per le phase S durante le tractamento con illo. Le fraction de cellulas
sensibilisate per un composito que age in
iste maniera pare depender del sequente
factores : le concentration del composito
in le ambiente immediate del cellula, le
duration del administration del composito,

e le distribution de tempores in be cyclo
cellular. Valores de DHCoo esseva calculate pro tumores consistente de 108
cellulas viabile quando vane proportiones
de cellulas esseva sensibilisate a duo
arados de densitisation. Le conclusion
derivate de iste computationes esseva que
un plus grande efficacia poteva esser
expectate per augmentar al maximo be
proportion de cellulas sensibilisate a un
moderate grado (un alteration in le valor de
Do per un factor de 1,5) que per effectuar
un grande alteration in Do e in m, lo que
esserea possibile solemente in un plus
micre proportion de cellulas a causa del
limitation imponite al chimotractamento
per le risco de effectos toxic in tissus
normal.
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FLUORIDE EXPOSURE AND CHILDHOOD OSTEOSARCOMA
A case-control study (A report by K H Gelberg, E F Fitzgerald, S Hwang
and R Dubrow of the New York State Department of Health, in The American
Journal of Public Health Vol.85 pages 1678-1683 December 1995)*
Reviewed by John R Lee MD
Sebastopol CA, USA
Does fluoride increase the risk of osteosarcoma in young men? This casecontrol study by the New York Department of Health tested this hypothesis by
comparing the estimated fluoride intake of 130 osteosarcoma victims with that of
an equal number of presumed healthy sex- and age-matched surrogates. The
authors report finding little difference, and concluded that fluoride does not
increase the risk, and may even be protective. Differing conclusions are not
uncommon in science, and especially in medical science since underlying causes are
often exceedingly complex, subtle and heterogeneous. It is important, therefore, to
examine this report's results, its test design, and the assumptions on which the test
and the conclusions are based.
Several lines of investigation suggest that fluoride intake increases the risk of
cancer in general and, in particular, the incidence of osteosarcoma in males. As
the authors admit, in vivo studies show fluoride to be mutagenic, inducing
chromosome aberrations, sister chromatid exchanges, cytotoxicity, and neoplastic
transformation in cultured mammalian cells. The authors also agree that fluoride
accumulates primarily in bones; and that children, who are actively forming bone,
have a higher uptake of fluoride into bone than adults. Further, bone in knees,
ankles, shoulders, and wrists, where childhood osteosarcoma most often occurs,
shows a high response to fluoride.1
In 1990, a two-year carcinogenicity study by the National Toxicology Program
(NTP) found a statistically significant, dose-related increase of osteosarcoma rates
in male rats, but not in mice.2 That the so-called peer review members at the time
quixotically chose to call this fluoride/osteosarcoma correlation "equivocal" (as
reported by the authors of this present study) does not change the facts. This same
study revealed a strong correlation of fluoride intake with nasal and oral cancer
and precancerous lesions in test rats and mice. A coincidental Proctor and Gamble
study reported an increased incidence of cancer in rats but this was discounted
later on the basis of a concomitant viral contamination in the test rodents. 3 Time
trends for bone and joint cancer and osteosarcoma derived from the Surveillance,
Epidemiology and End Results (SEER) data of the National Cancer Institute (NCI)
revealed a positive association of osteosarcoma incidence and water fluoridation
among males under 20 years of age. 4 In 1993, an ecological study performed by
the New Jersey Department of Health found a strong statistical association between
fluoridation and osteosarcoma among young men. 5 It would appear that the
fluoride/osteosarcoma hypothesis is credible and convincing, if not yet "conclusive"
to fluoridation proponents.
Dr John R Lee, 9620 Bodega Hwy, Sebastopol, CA 95472, USA.
* See Abstract on page 252.
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Testing for the fluoride/osteosarcoma link is a daunting prospect. Ostepsarcoma is quite rare, the incidence being only 2.9 cases per million people in the
US. Test design always follows from assumptions made. The susceptibility of a cell
to be cancer-prone may stern from a variety of subtle influences. In the case of
xenobiotics (petrochemical compounds such as pesticides and various plastics), it is
now known that exposure during embryonic tissue differentiation is far more toxic
than later in life; yet the effects show up much later in life as an increased susceptibility to cancer of urogenital tissues such as the vagina, cervix, ovary, or testes.6
Fluoride readily crosses the placenta. Maternal fluoride intake determines
whether baby's bones are fully fluoridated or not. It is likely that fluoride intake
later in life will be more toxic to the child whose bones are already fully
fluoridated than to one whose bones are not so fluoridated. Thus, one might well
assume that exposure to fluoride during embryo life could be a factor in developing
bone cancer later in life, regardless of whatever other factors may also play a role.
Oncology researchers often make the distinction between cancer initiators and
cancer promoters. Whether fluoride is considered a cancer initiator or a promoter,
one's test design must include the fluoride intake by the mother prior and during
the time of her pregnancy. This factor is missing in this present study.
In testing the fluoride/osteosarcoma link, one must be able to calculate total
fluoride intake at various stages of life preceding the onset of the cancer. This is
more difficult than it might at first seem. In calculating total fluoride intake, the
study included fluoride tablets used, mouth rinses, toothpaste used, dental treatments, and water fluoridation levels. Missing from this list are calculations of
differences in water actually consumed based on differences in ambient temperature, individual work or athletic exercise that greatly increases water consumption,
and dietary habits such as processed beverages versus "plain" water. It is not
difficult to understand that commercially processed beverages made from fluoridated water are sold in unfluoridated communities. Likewise, it is not difficult to
understand that some children drink more processed beverages than water from
the tap. Thus, knowing the fluoride concentration of the tap water is not the same
as knowing the fluoride intake from one's drinking of fluids.
Further, it is well established that much of our US diet choices are canned or
processed foods rather than fresh, unprocessed foods. Community water fluoridation adds fluoride not only to one's drinking water but to foods processed with the
fluoridated water. It is for this reason that processed foods of different brands can
differ greatly in their fluoride content, and this difference is not recognized when
making food purchase choices. It is likely that one family will routinely choose one
brand while the next family always uses another brand. Estimating averages does
not help since the "average" does not exist; one brand will be fluoridated and the
other is not. Fluoride from processed foods comprise a major portion of one's total
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fluoride intake, often equalling or exceeding that obtained from tap water. 7 This
calculation, too, is missing from the fluoride exposure variables listed in this study.
In the present study, something is odd about the case subjects. While it is
routinely found that osteosarcoma is more common in young men than in young
women, this study's list of 130 cases included only 42 males, or 32% of the total.
Thus, the osteosarcoma cases used were not typical of the disease in question. Did
the males go elsewhere for treatment? Did some male cases of osteosarcoma slip
through undetected in the study's case selection method? Did the young women
with osteosarcoma drink more fluoridated beverages and less =fluoridated water
than the young men? From the information given, no clue is found. The authors
seem unconcerned over this discrepancy.
Finally, one must question the case-control method of the study. In the casecontrol method, patients with the disease in question are compared to similar
appearing, same-age people without the disease. In effect, patients susceptible to
osteosarcoma were selected controls, i.e. those without evident osteosarcorna..
Given the rarity of osteosarcoma, and the fact that the sources of fluoride
exposure are so ubiquitous, it would be no problem to find an equal group of
healthy people living in the same communities and using the same toothpaste as
those with osteosarcoma.
The fact that the two groups' drinking water and toothpaste choices are the
same does not invalidate the conclusion that fluoride was a factor in the development of osteosarcoma. The study's authors apparently assume that osteosarcoma
victims require higher fluoride exposure than those without the disease. An equally
plausible assumption is that variable individual susceptibility exists such that equal
fluoride exposure will affect only those with the requisite susceptibility. Given the
rarity of the disease, this seems more probable. The susceptibility for osteosarcoma
may stem from early prenatal fluoride exposure or from factors not yet known.
The later occurrence of the cancer may require only the level of fluoride exposure
common to fluoridated communities. If this assumption was correct, as case-control
study such as this comparing only post-natal fluoride exposure between osteosarcoma victims and controls would find no difference.
When polio "epidemics" were common, it was clear that only a small percentage of children in any given community developed clinically apparent poliomyelitis while well over 90% of the children showed an equal rise in polio
antibodies. That is, despite equal exposure, only a . few children were sufficiently
susceptible to be stricken with polio. A similar scenario might well apply to the
osteosarcoma problem. Since we often do not know all the factors that "cause" or
"promote" a given cancer, we do not know what factors are important in selecting
comparison groups. Case-control study designs are not appropriate for all illnesses
and this, one might suspect, is one of them.
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Conclusion

This present study, while being used to cast doubt on the relationship of
fluoride to osteosarcoma, is flawed by: 1) disregard of prenatal fluoride exposure;
2.) inadequate calculation of postnatal total fluoride intake; and 3) inappropriate
choice of study design. Thus, the study carries little weight in negating the fluoride /
osteosarcoma connection or in any consideration of continuing fluoridation as a
public policy.
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Fluoride Exposure and Childhood
Osteosarcoma: A Case—Control Study

ABSTR ACT
Objectives. This study tests the
hypothesis that fluoride exposure in
a nonoccupational setting is a risk
factor for childhood osteosarcoma.
Methods. A population-based
case-control study was conducted
among residents of New York State,
excluding New York City. Case subjects (n = 130) were diagnosed with
osteosarcoma between 1978 and 1988,
at age 24 years or younger. Control
subjects were matched to case subjects on year of birth and .sex.
Exposure information was obtained
by a telephone interview with the
subject, parent, or both.
Results. Based on the parents'
responses, total lifetime fluoride exposure was, not significantly. associated with osteosarcoma among all
subjects combined or among females.
However, a significant protective
trend was observed among males.
Protective trends were observed for
fluoridated toothpaste. fluoride tablets, and dental fluoride treatments
among all subjects and among males.
Based on the subjects' responses, no
significant associations between fluoride exposure and osteosarcoma were
observed.
Conclusions. Fluoride exposure
does not increase the risk of osteosarcoma and may be proiective in males.
The protective effect may not be
directly due to fluoride exposure but
to other factors associated with good
dental hygiene. There is also biologic
plausibility for a protective effect.
(Am .1 Public Health. 1995;85:16781683)
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Introduction
Although the benefit to dental health
of fluoride exposure has been clearly
established, the release of the National
Toxicology Program study in which a
dose-response relationship for osteosarcoma was indicated for exposure to
sodium fluoride among male rats has
provoked criticism of water fluoridation
programs) . In response, the Department
of Health and Human Services conducted
a review of fluoride's benefits and risks
and recommended that analytical epidemiologic studies of osteosarcoma be conducted to determine the risk factors
associated with its development.2
Osteosarcoma is the fourth most
common cancer in persons under 25 years
of age 3 occurring most often around
puberty. 4 The only known etiological agent
is radiation s ; other suggested risk factors
include a rapid rate of bone growth,
previous bone trauma, and viruses."
Persons with the hereditary form of
retinoblastoma or with the Li - Fraumeni
cancer family syndrome are at high risk
for osteosarcoma.9.10
Fluoride is deposited directly into
the bone, with about 99% of fluoride in
the body contained in the skeleton.'2
Children, who are actively forming bone,
have a higher amount of uptake of
fluoride into the bone matrix than adults.12
fluoride uptake into bone results in an
increased rate of osteoblast proliferation
and bone formation." Bone in the areas
of the knees, ankles, shoulders, and wrists,
where childhood osteosarcomas most often occur, shows a high response to
fluoride. 12
Toxicological studies of sodium fluoride have yielded mixed results. 1.13-' 5 In in
vitro studies fluoride appears to be mutagenic and can induce chromosome aberra-

tions, sister chromatid exchanges, cytotoxicity, and neoplastic transformation in
cultured mammalian cells. 1.13.14 The recent study conducted by the National
Toxicology Program found equivocal evidence for a carcinogenic effect among
male F344/ N rats, but there was no
evidence for carcinogenicity in female
F344/N rats, nor in male or female mice.'
Another study sponsored by the Procter
and Gamble company found no carcinogenic evidence in Sprague-Dawley rats.'6
Ecological studies generally have
found no relationship between fluoride
levels in drinking water and osteosarcoma
and bone cancer incidence or mortality
rates. 17 -23 Individual exposures were examined in only two small studies. 2425 One
study based on only 20 males found that
males under age 20 years who resided in
communities with fluoridated water at the
time of diagnosis had a higher osteosarcoma rate than those who resided in
communities with nonfluoridated water.24
The other study had only 22 matched
case—control pairs and found no associa-
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tion between osteosarcoma and lifetime
fluoride exposure from drinking water.25
Within New York State, average
annual osteosarcoma incidence rates from
1976 to 1987 in fluoridated areas were
found not to differ from rates in nonfluori23 To further investigate the
dated areas.
potential association of fluoride exposure
with childhood osteosarcoma in New
York State, excluding New York City, we
conducted a population-based casecontrol study. All sources of fluoride
except dietary sources were examined
separately and were combined to estimate
total lifetime fluoride exposure. Because
deleterious effects were limited to male
rats in the National Toxicology Program
study, additional analyses were conducted
by gender.

Methods
Study Population
Cases of osteosarcoma newly diagnosed from January 1978 through December 1988 were identified from the New
York State Cancer Registry. Case subjects
who were 24 years of age or younger and
residing in New York State, exctUding
New York City, at the time of diagnosis
were eligible for inclusion in the study.
Case subjects with preexisting cancers
were excluded, resulting in a case population of 171.
Control subjects were pair-matched
one-to-one to case subjects by year of
birth and sex. Potential control subjects
were randomly selected from live birth
records maintained by the New York
State Department of Health. All children
born in New York City were excluded.
Control subjects were assigned the same
age at diagnosis as the corresponding case
subjects as a reference date to provide
equal time periods at risk. Control subjects had to survive until their matched
case subject's age at diagnosis.
Case and control subjects and their
parents were traced to determine their
vital status and to locate their current
address and telephone number. Although
it was easier to trace the case subjects
than the control subjects because more
current information was available, an
exhaustive search was made for each
potential control subject before another
one was selected as a replacement. An
average of 2.10 birth certificates were
searched before an adequate control
subject was located and interviewed.
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TABLE 1-Number of Case and Control Subjects, Odds Ratios (ORs), and 95%
Confidence intervals (Cis) for Ufetime Fluoride Exposure Variables
(Parents' Data Set)
No. Subjects

Case

Control

OR

95% Cl

110
3
7
2

104
4
4
10

1.00
0.81
1.72
0.11

••-

111
2
4
5

1.00
4.02
1.03
0.60

0.44, 36.75
0.23, 4.57
0.14, 2.65

38
26
30
28

23
35
31
33

1.00
0.43
0.54
0.49

- • •
0.20, 0.92
0.25, 1.19 0.23, 1.06

88

1.00
1.52
0.75
0.64

••-

25
4
5

91
17
6
8

0
1-1850 1851-3385
3386-6100

40
32
26
24

57
16
23
26

1.00
4.13
1.84
1.40

Total fluoride, mg
0-1235
1236-2161
2162-4101
. 4102-8433

31
31
34
26

31
29
27
35

1.00
1.04
1.20
0.67

Tablets, mg
0

.03

1-250
251-550
551-3500

Mouth rinses, mg

0.18, 3.66
0.50, 5.91
0.01, 0.88
.43

•
110
5
4
3

0
1-7
8-50
51-1005

•

•••

Toothpaste, mg
0-433
434-862
863-1425
1426-2235

.06

•

Dental treatments, mg
0
15
30-60
75-390

P

.06
0.75, 3.08
0.21, 2.72
0.18, 2.21

Water, mg

.61

•• •
1.65, 10.35
0.81, 4.20
0.60, 3.29
.24

•• •
•

0.50, 2.14
0.56, 2.57
0.29, 1.54

Note. Odds ratios were estimated from conditional logistic models.

Interviews
A telephone interview was requested
from all living study subjects who were at
least 18 years of age. Permission to
interview the subject's parent was requested during the interview. If a case
subject refused the interview, permission
was requested to interview the case
subject's parent. If permission was not
granted, the parent was not interviewed.
If the subjects were deceased or too young
for an interview ( < 18 years old), the
contact letters were sent directly to the
parents. If a control subject did not allow
us to contact his or her parents (n = 3), or
if the parents refused to be interviewed
after the control subject was interviewed
(n = 6), the control subject was replaced.
The interview focused on the subjects' sociodemographic, medical, and
exposure histories before the date of
diagnosis or reference date. Fluoride
exposure information was obtained from

questions about the use of fluoridated
products (toothpastes and mouth rinses)
and fluoride supplements (drops, tablets,
vitamins, and dental treatments). In addition, a complete residential history from
birth until the age of diagnosis or reference age was taken. This history included
complete addresses, the years of residence at each address, the water source
(public supply or private well) at each
address, and whether the water at each
address was fluoridated.
There were a total of 130 casecontrol pairs for which the subject or the
parent or both were interviewed for both
members of the pair. Sixty-four (49%)
interviews were completed for the case
subjects, 126 (97%) for the case parents,
119 (92%) for the control subjects, and
126 (97%) for the control parents. Ninety
percent of the parents who were interviewed were biologic mothers. The primary reasons for not obtaining interviews
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TABLE 2-Number of Case and Control Subjects, Odds Ratios (ORs), and 95%
Confidence Intervals (Cis) for Lifetime Fluoride Exposure Variables
for Males (Parents' Data Set)
No. Subjects
95% Cl

Case

Control

OR

Tablets, mg
0
1-250
251-550
551-3500

73
2
1
2

67
2
3
6

1.00
1.00
0.33
0.20

Mouth rinses, mg
0
1-7
8-50
51-1005

73
2
2
1

72
2
2
2

1.00
0.90
0.81
0.46

Toothpaste, mg
0-433
434-862
863-1425
1426-2235

12
23
19
24

27
15
21
15

1.00
0.23
0.41
0.25

Dental treatments, mg
0
15
30-60
75-390

60
14
1
3

56
11
5
6

1.00
1.00
0.20
0.50

0.39, 2.55
0.02, 1.80
0.12, 2.07

Water, mg
0
1-1850
1851-3385
3386-6100

27
20
15
16

34
11
12
21

1.00
2.81
1.67
0.93

- • 0.97, 8.09
0.58, 4.77
0.31, 2.83

Total fluoride, mg
0-1235
1236-2161
2162-4101
4102-8433

17
17
17
27

19
23
19
17

1.00
1.14
0.78
0.41

•

.08

0.14, 7.10
0.03, 3.21
0.02, 1.71
.99
0.05, 17.89
0.09, 7.52
0.04, 5.81
.01
0.08, 0.70
0.14, 1.18
0.09, 0.70
.04

.62

.02
0.46, 2.84
0.27, 2.22
0.14, 1.22

Note. Odds ratios were estimated from conditional logistic models.

were the subject being deceased (42% of
the case subjects), inability to locate the
subject or parent (8% of the case subjects,
42% of the control subjects), and refusal
by the subject or parent to participate in
the study. Approximately 6% of the case
subjects, control subjects, and control
parents refused, and 12% of the case
parents refused. Eleven case subjects and
their matched control subjects were too
young for interviews. -

Fluoride Expasureinder
To analyze the relationship between
fluoride exposure and osteosarcoma, the
lifetime exposure to each source of fluoride was determined, and these were
summed into a total lifetime fluoride
exposure index. These sources included
fluoride drops, tablets, and vitamins,
fluoridated mouth rinses and toothpastes,
dental fluoride treatments, and fluoride
from drinking water and breast milk. It
was not possible to measure fluoride from
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food, which ranges from 6% to 32% of
total fluoride intake.26
For more than 96% of thc addresses
identified, the respondent indicated
knowledge of whether the water supply
was public or private. These data were
validated by geocoding all addresses and
matching them to census data. There was
96% agreement between the water source
according to the 1990 census and the
water source reported by interview.
The subjects or parents indicated
knowledge of the fluoridation status of
their water for only 40% of the addresses.
Therefore, instead of relying on the
interview information, all of the addresses
were further investigated to determine
fluoridation status. Natural fluoride levels
are relatively low in New York State, so
the water was considered not fluoridated
for all addresses with private wells in New
York. Because fluoridation often follows
town boundaries, addresses identified to
be within city limits were then compared

with a fluoridation census.22 Telephorte
calls were made to appropriate agencies
to determine the fluoridation status of
addresses that could not be classified with
the aforementioned method.
The average amount of fluoride
ingested by age for each fluoride source
was determined from the literature. For
example, the dose recommended by the
American Dental Association for fluoride
drops, tablets, and vitamins was 0.25 mg
per day for an infant newborn to 2 years
old, 0.50 mg for a 2- to 3-year-old, and 1.0
mg for a child 3 to 13 years of age for the
time period of this study.22-3°
Population-bascd estimates of tap
water intake were used to determine the
amount of water ingested by age and sex
categories. The estimates were derived
from the 1977 and 1978 US Department
of Agriculture Nationwide Food Consumption Survey, and the mean estimates
for the northeast geographic region (all
seasons) were used.31 The fluoride level in
water was assumed to be 1.0 mg/liter for
fluoridated areas and 0 mg/liter for
nonfluoridated regions.
Cumulative lifetime exposure for
each fluoride source was estimated in
milligrams by multiplying the amount
ingested per exposure by the number of
times per day exposed by the total number
of days exposed. The lifetime exposures
for each fluoride source were then
summed to create a total lifetime fluoride
exposure index.
Apart from dental fluoride treatments, for which there was a large amount
of missing data (approximately 23% of the
parents and 8% of the subjects), fewer
than 5% of the parents' responses and
fewer than 2% of the subjects' responses
were missing. The percentage of missing
responses did not differ between case and
control subjects. A standard set of rules
was established to impute values for
missing data.
To measure intensity of exposure,
each lifetime fluoride exposure variable
was divided by the age at diagnosis or
reference age to get an average annual
exposure. Although matched pairs would
still have the same within-pair association
because of the matching by age, the
relationship among pairs would change
with this measure.

Analysis
Because recall could be different
between the subjects and parents, separate data sets were created for each of
these data sources, maintaining the matching. Sixty-four matched pairs were in-
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• eluded in the subjects' data set and 122
matched pairs were included in the
parents' data set.
EGRET was used to analyze matched
observations of each variable against
disease status. 32 Odds ratios, 95% confidence intervals, and P values were computed by creating conditional logistic
models. P values for trend were calculated
by including the variables in models in
their original, noncategorized continuous
form. The P value for the likelihood ratio
statistic reflecting the difference between
the model with and the model without the
continuous variable was interpreted as the
P value for trend, which indicated whether
the linear component of the trend was
statistically significant. The P values do
not necessarily appear to correspond to
the trends of the categorical variables as
presented because of the creation of
arbitrary cutpoints in the continuous
variables for presentation purposes. Extensive subgroup analyses were not conducted due to limitations presented by the
relatively small number of subjects in the
sample.

Results
Case subjects who were final study
subjects (case subject and/or parent was
interviewed) were not significantly different from case subjects for whom no
interview was obtained (neither case
subject nor parent was interviewed) with
respect to race, vital status, age at diagnosis, year of diagnosis, stage of tumor, and
anatomic location of tumor. However, a
statistically significant higher percentage
of case subjects not interviewed were
male (61% vs 32%). Of the 130 case
subjects who were final study subjects, 42
(32%) were male, 51 (39%) were deceased. and 96 (74%) were between ages
10 and 19 years. Eighteen case subjects
(14%) but only 4 control subjects (3%)
were non-White. This difference was
statistically significant (P = .002).
The bivariate relationships between
osteosarcoma and lifetime exposure to
fluoride from tablets, mouth rinses, toothpaste, dental treatments, and drinking
water, along with the total lifetime fluoride exposure index, are shown in Table 1
for the parents' data set. Because of the
small number of affirmative responses,
the fluoride from drops and the fluoride
from vitamins were not analyzed separately. Fluoride from toothpaste andtotal
lifetime fluoride exposure were categorized into quartiles. However, because so
many individuals did not have exposure to
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TABLE 3-Number of Case and Control Sublects, Odds Ratios (ORs), and 95%
Confidence intervals (Cis) for Ufetime Fluoride Exposure Variables
for Females (Parents' Data Set)
No. Subjects
Case

Control

Tablets, mg
0
1-250
251-550
551-3500

37
1
6
0

37
2
1
4

No convergence

Mouth rinses, mg
0
1-7
8-50
51-1005

37
3
2
2

39
0
2
3

No convergence

Toothpaste, mg
0-433
434-862
863-1425
1426-2235

11
12
12
9

11
11
9
13

1.00
0.93
0.65
1.80

Dental treatments, mg
0
15
30-60
75-390

28
11
3
2

35
6
1
2

1.00
2.25
3.00
1.00

13
12
11

8

23
5
11
5

1.00
10.55
1.65
2.81

14
12
10
8

12
8
15
9

1.00
0.74
1.81
1.34

Water, mg
0
1-1850
1851-3385
3386-6100
Total fluoride, mg
0-1235,
1236-2161
2162-4101
4102-8433

OR

95% Cl
.20

.30

85
0.31, 2.80
0.17, 2.47
0.45, 7.18
.70
•-•

0.69, 7.61
0.31, 28.84
0.06, 15.99
.12
•••

1.22, 91.04
0.41, 6.59
0.62, 12.69
.24
•--

0.20, 2.69
0.56, 5.82
0.32, 5.57

Note. Odds ratios were estimated from conditional logistic models.

the other fluoride sources, the lowestlevel category for these variables included
only those individuals with no exposure.
Tables 2 and 3 present results for the
same lifetime fluoride variables fcir males
and females, respectively.
Total lifetime fluoride exposure was
not significantly associated with osteosarcoma among all subjects combined or
among females. However, a significant
protective trend was observed among
males (P = .02). With respect to the
individual sources of fluoride, a significant
trend of decreasing risk with higher
exposure was observed among all subjects
for tablets (P = .03) . The trends for
toothpaste (P = .06) and for dental treatments (P = .06) were borderline significant and were also protective. The lowest
exposure level for toothpaste was significantly protective for all subjects and for
females: and the highest exposure level
was significantly protective for tablets,
further emphasizing the protective effect.

Significant or borderline significant protective trends were also observed for each of
these variables among males. The lowest
exposure level for water had a significantly elevated odds ratio for all subjects
and for females; however, trends were not
significant.
The relationships between osteosarcoma and lifetime exposure to fluoride
from the various sources, along with the
total lifetime fluoride exposure index, are
shown in Table 4 for the.subjects' data set.
Because of the small number of affirmative responses, fluoride from tablets was
not analyzed separately. Although there
appears to be an increasing risk with
exposure, especially for the total fluoride
intake, no significant trends were observed and all confidence intervals included 1.0. Models could not be run
separately for each sex because of the small
number of individuals in this data set.
For both the parents' and subjects'
data sets, results of analyses controlling
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TABLE 4-Number of Case and Control Subjects, Odds Ratios (ORs), and 95%
Confidence intervals (Cis) for Lifetime Fluoride Exposure Variables
(Subjects' Data Set)

No. Subjects

Mouth rinses, mg
0
1-35
36-150
151-950

Case

Control

OR

55
3
2
4

56
2
4
2

1.00
1.50
0.55
1.83

15
14
15
20

17
18
16
13

1.00
0.89
1.03
1.93

45
8
7
4

45
12
2
5

1.00
0.77
3.21
0.98

21
15
14
14

29
11
12
12

1.00
2.31
2.07
1.76

14
15
17
18

18
17
15
14

1.00
1.16
1.72
1.88

95% Cl

.14
0.25, 8.98
0.10, 3.06
0.33, 10.21

Toothpaste, mg
0-615
616-1149
1150-1444
1445-3411

.22
0.31, 2.61
0.36, 2.97
0.64, 5.84

Dental treatments, mg
0
15
30-45
60-300

.52
0.31, 1.96
0.63, 16.50
0.25, 3.93

Water, mg
0
1-1950
1951-3350
3351-5650

.48
0.74, 7.20
0.53, 8.02
0.59, 5.21

Total fluoride, mg
0-1250
1251-2338
2339-3987
3988-9291

.25
0.44, 3.04
0.55, 5.39
0.64, 5.55

Note. Odds ratios were estimated from conditional logistic models.

for race and maternal age (which was
found to be negatively associated with
osteosarcoma in these data) were similar
to the bivariate analyses. The results of
the analyses for the average annual
fluoride exposure variables were essentially the same as the lifetime exposure
analyses in both data sets.

Discussion
The total lifetime fluoride exposure
index is the most important indicator of
whether fluoride is significantly associated
with osteosarcoma. In the parents' data
set, a significant association was not
observed among all subjects, but a significant protective trend was observed among
males. Borderline significant or significant
protective trends were also observed for
lifetime fluoride exposure from tablets,
toothpaste, and dental treatments among
all subjects and among males only. In the
subjects' data set, however, a protective
trend was not observed for the total
lifetime fluoride exposure index, nor for
any of the individual lifetime fluoride
exposure variables. Importantly, there

1682 American Journal of Public Health

was no statistically significant finding from
either data set that fluoride exposure
increases the risk of childhood osteosarcoma. This result is consistent with previous studies that found no association
between fluoride exposure and osteosarcoma. 17'2325
The protective effects observed in
the parents' data set may be due to
concern for personal health and hygiene
and not to fluoride exposure. Those
individuals who use fluoride tablets, who
brush their teeth more often with fluoridated toothpaste, and who receive dental
fluoride treatments are possibly more
involved with good health practices. The
observed protective effects could be the
result of healthy behavior practices or of
correlates of health behaviors that protect
against osteosarcoma, rather than a consequence of fluoride exposure, although it is
unusual to find these practices more
among boys. The fact that the protective
effect was not observed for fluoridated
water supports this argument. However,
because fluoride is directly deposited into
the bone and directly affects the bone
structure, it is biologically plausible that

the protective effect observed from fluo- •
ride exposure could, in fact, be real.
The only demographic variables significantly associated with osteosarcoma in
this study were race and maternal age. In
general, race is not considered a risk
factor for osteosarcoma. 3-33-36 The procedure used to randomly select the control
birth certificates did not produce the same
percentage of non-White certificates as
the percentage from the total live births
for upstate New York (7.6% vs 12.8%).
Of those certificates obtained for nonWhite control subjects, a substantially
higher proportion did not contain the
father's name compared with certificates
obtained for White control subjects (33.3%
among non-Whites vs 3.9% among
Whites), making the non-White control
subjects more difficult to trace. Neither
race nor maternal age was observed to
confound the osteosarcoma-fluoride relationship.
One major limitation in this study
was that cases were identified retrospectively for the period 1978 to 1988. Problems with recall became exacerbated
because of the long period of time that
may have passed since the childhood
exposures. Also, only 64 case subjects
were directly interviewed because of
deaths occurring after diagnosis. Despite
this limitation, the case subjects, control
subjects, and their parents were equally
able to report on the fluoride-related
exposures, with a low percentage of
missing responses. Because neither the
case nor the control group appeared to be
more accurate in their reporting of exposures, any misclassification that occurred
should be nondifferential and would therefore bias the results toward the null value.
The extent of nondifferential misclassification of fluoride exposure and resultant bias toward the null value are difficult
to evaluate. We are confident that the
water fluoridation information is accurate. There is no reason to suspect that
residential histories were reported inaccurately, the water source information was
validated by geocoding, and fluoridation
status was objectively determined. However, subjects' and parents' accuracy in
reporting exposure to other sources of
fluoride could not be assessed.
The low response rate of 48% among
control subjects (mainly due to an inability to trace them) was a concern. However, among study subjects, individuals
who moved more than two times did not
have significantly different total lifetime
fluoride exposures than individuals who
maintained one or two addresses up to the
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diagnosis or reference age. This suggests
that the nonparticipant control subjects
who could not be traced because they
moved often would not have differed from
the participant control subjects with respect to total lifetime fluoride exposure.
A strength of this study was the
relatively large sample size (122 casecontrol pairs for the parents' data set and
64 case-control pairs for the subjects' data
set) compared with prior studies that
examined individual fluoride exposures
from drinking water. 27.28 Another advantage of this study was the inclusion of
exposures to fluoride from sources other
than drinking water.
The differences in results between
the parents' and subjects' data sets are
probably a reflection of differences in
knowledge and recall. Parents were probably more aware of exposures that occurred at young ages. including use of
fluoridated drops, tablets, vitamins, and
toothpastes and exposure to dental treatments. Subjects probably provided more
accurate information for exposures that
occurred when they were older, particularly the use of fluoridated toothpastes
and mouth rinses. Overall, the parents'
data set is probably the more accurate one
because of better knowledge of more
types of fluoride exposure and when those
exposures began. •

Conclusion
In conclusion, this study provides no
support. for the hypothesis that fluoride
exposure increases the risk for osteosarcoma. It contributes to the body of
evidence that indicates that the public can
continue to enjoy the dental health benefits of fluoride with no associated major
risks. 0
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FDA Committee Spurns Fluoride
Advisors said NIH-funded teams' finding that fluoride doesn't prevent fractures
outweighs French data on which other experts had based an endorsement.

Rockville, Md.—He'd recommend that

Bone mass no help. Although bone
the FDA "quietly forget about flumass increased significantly in the fluoride cohort, the teams found no statisoride" if; something else promising
tically significant differences in vertewere on the horizon, the chairman of
an FDA advisory committee said here
bral fracture rates. Moreover, more
after his group reviewed fluoride's efnonvertebral skeletal lesions were obfect on fracture incidence.
served in the fluoride-treated patients,
Dr. Saul Genuth, director of the rawho also had a higher incidence of
dioimmunoassay laboratory at Clevepainful lower extremity syndrome.
land's Mt. Sinai Hospital, said he reThe "big issues" for the FDA, acgretfully joined in the
cording to Dr. Solomon
endocrinologic and metSobel, director of the
abolic drugs advisory
agency's division of mecommittee's unanitabolism and endocrine
mous opinion that fludrug products, are
oride has yet to prove
"bone integrity and
its worth in the treatquality and whether it's
ment of postmenopauworth going after trasal osteoporosis. The
becular bone if you get
opinion contradicts otha qualitative defect in
er experts' laudatory
the hip that induces
consensus statement
fracture." He noted
that appeared in a jour- Dr. Kleerekeper said the Nlif
that findings from the
nal the same week.
NI H study of immeditearns found no evidence that
Asked to assess the fluoride enhanced spinal bone at
ate-release sodium flustatus of fluoride ther- the expense of hips.
oride would also apply to
apy as revealed in ranthe "slow-release and
domized,
controlled
wax-matrix types" and
clinical trials, the FDA committee was
other fluoride formulations now wendnot acting on any specific new drug aping their way through the FDA pipeline.
plication. It based its opinion on the reDr. Kleerekoper reported that corticently completed N I H-sponsored trial
cal bone mass regression over time was
of long-term, immediate-release sodisimilar in both groups. Hip fracture
um fluoride. The results of the study,
rates were not statistically distinctive.
reported earlier this fall at a bone reThe advisory committee also took a
search meeting in Montreal (NtwN,
second look at a French team's findOct. 23, p. 42), were presented to the
ings, published in The Lancet last
committee by Dr. Michael Kleereyear, which showed a sodium fluoridekoper, head of the bone and mineral
related decrease in new vertebral fracdivision at the Henry Ford Hospital in
tures over a two-year period. The fluoride advantage was manifest between
Detroit, and Dr. L. Joseph Melton III.
months six and 18, the advisors noted;
head of clinical epidemiology at the
but between months 18 and 24, the
Mayo Clinic in Rochester, Minn.

percentage of patients sustaining new
fractures was the same-18% in the
fluoride-treated group and 17% in the
nonfluoride group—suggesting that
the benefit diminished over time.
Advisory committee member Douglas
Greene, professor of internal medicine at
the University of Michigan in Ann Arbor, said the "apparently transitory effect raises the question of different
dosages or cyclic therapy." He said
that earlier intervention might have
been more successful in the NI H study.

Dr. Genuth agreed, noting that the
patients were 22 years past menopause, on average, and "perhaps past
the point of easy reversal."
Outdated opinion. The French team's
results were the basis for a consensus
statement, published in the Oct. 15
Annals of Internal Medicine, in which

a group of international investigators
endorse fluoride therapy. Reflecting
data from the only randomized. controlled trial completed at the time it
was formulated, the statement suggests strategies for fluoride use "in
countries in which that use has not
been formally approved."
At the FDA committee meeting,
Dr. David Baylink, one of the pro-fluoride statement's authors, said he'd try
to get it withdrawn or modified. The
Annals issue, however, was already
printed and appeared three days later.
Dr. Bayl ink, a professor of medicine
at Loma Linda (Calif.) University,
called the lack of a relation between
bone density and fracture frequency
"one of the most disturbing aspects" of
the N1H data, which had not been
available when his group acted.
—FRAN POLLNER
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FLUORIDE AND BONE — QUANTITY
VERSUS QUALITY
POSTMENOPAUSAL osteoporosis is a major public
health problem, whose impact is expected to reach
epidemic proportions during the early part of the next
century as the population ages. Consequently, whereas the prevention of bone loss will probably remain
the most effective approach to therapy, efficacious
treatment of patients who have already had fractures
is sorely needed. The ideal therapy would eliminate
the risk of future fractures by restoring bone mass and
repairing the alterations in architecture that had already occurred. Current treatments such as those using estrogen and calcitonin are antiresorptive — that
is, they act by preventing further loss of bone — but
treatment with neither of those agents results in much
net gain of bone mass or repair of bone structure.
Great hope, therefore, has been placed on sodium fluoride, an agent known to increase bone density, especially in the spine) Unfortunately, the use of fluoride
is often associated with side effects, including abnormalities of bone structure. Fluoride is incorporated
into hydroxyapatite, altering the size and structure of
< the crystals and perhaps thereby decreasing the mechanical competence of the bone. When calcium intake is inadequate, the administration of fluoride also
results in an impairment of mineralization. The bone
formed in response to fluoride use may be somewhat
disorganized. at least before remodeling, resembling
immature woven bone rather than adult lamellar
bone. Therefore, although the risk of fractures normally rises as the bone mass declines, increases in
bone mass with fluoride treatment may not reduce
fracture rates.
Until recently, there had been almost no well-controlled studies of the effects of fluoride in women with
postmenopausal osteoporosis that used fracture frequency as an end point. In the early 1980s, with this in
mind, the National Institutes of Health requested proposals for clinical studies of fluoride in the treatment
of osteoporosis. The results of one such study appear
in this issue of the fournal. 2 The randomized, placebocontrolled, double-blind study of Riggs et al. was designed to determine whether sodium fluoride given at
doses of 75 mg per day (60 mg and 90 mg on alternate
days) would alter bone mass and reduce the rate of
fractures over a four-year period in women with postmenopausal osteoporosis. Although bone density in
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the lumbae increased by approximately 35 percent
—iiori.e-treated
it
women, the overaIIMTM
vertebral fractures did not decrease significantly, implying that the new bone was structurally unsound.
These women had a smaller change in bone density in
the femoral neck and a worrisome but not statistically
significant increase in the rate of hip fractures. There
has been a disputed suggestion that fluoride treatment
increases the risk of hip fracture, and a surprisingly
high frequency of such fractures among treated patients was found in one study.' The increased number
of peripheral fractures in the fluoride-treated group is
equally disturbing. Although most were incomplete
fractures, the relative risk for complete fractures was
twice that in the placebo group. Besides the study's
failure to establish the efficacy of fluoride against
fractures, there was a high incidence of side effects,
primarily gastrointestinal distress and a pain syndrome of the lower extremities. Eleven of 19 patients
with the latter problem had incomplete fractures at
the site of pain, but the underlying cause of this

syndrome in the others remains obscure. Unfortunately, the study did not include quantitative histologic data that might have aided the interpretation
of the results, nor were the results compared in the
women who had increased bone mass and those who
did not.
The inescapable conclusion from this study is that
sodium fluoride in the dosage used is not an effective
or safe treatment for postmenopausal osteoporosis.
The results were similar in a parallel but smaller study
of similar design carried out at the Henry Ford Hospital in Detroit.4 Attempts to combine the data by using
techniques of meta-analysis might be helpful in clarifying the findings that were not statistically significant
in the two studies. Other studies have suggested that
fluoride therapy is beneficial in postmenopauSal women with osteoporosis, but a detailed review of the literature reveals mixed conclusions. Among recently
published reports, a multicenter study conducted in
France found no significant decrease in the occurrence
of vertebral fractures in women treated with fluoride
(50 mg per day as enteric-coated capsules) as compared with women treated with several standard regimens, but the probability of having a new fracture was
significantly lower in the fluoride group according to
survival analysis. 5 •
It is easy to find contentious issues in any clinical
study.of therapy for osteoporosis, and the several recent fluoride studies are no exception. The arguments
will focus on the dosage, preparation, and duration of
treatment. Other fluoride preparations, such as monofluorophosphate or slow-release capsules, or lower
doses remain options for future investigation. However, it is important to note that the restoration of
bone mass with fluoride, regardless of dose or preparation, cannot be taken as a surrogate measure for
reduction of the fracture rate. Indeed, these studies
raise the broader question of whether any therapeutic
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approach that increases bone mass in a skeleton . already damaged by discontinuities'in trabecular architecture can ever restore mechanical competence. 6 Further investigation of the basic effects of fluoride is
clearly warranted, however, since fluoride remains
the only agent that can induce the formation of new
bone, apparently by acting as a specific mitogen for
bone cells.' Finally, the issue of whether the addidon of fluoride to more standard antiresorptive regimens is beneficial remains untested in prospective
studies. Nevertheless, until studies designed as rigorously as that of Riggs et al. are performed with other
preparations, formulations, or dosages, it is difficult to
recommend the continued use of fluoride in clinical
practice.
Thus, we do nof yet have an ideal therapy for postmenopausal osteoporosis. The mainstays of such therapy — estrogen (with a progestin for women who have
not had a hysterectomy) and calcitonin — are most
effective if given early to prevent bone loss." At that
stage, estrogen has antifracture efficacy, the effect being most marked in women receiving long-term therapy. Recent evidence that validates the use of bonemass measurements in predictions of the risk of
fractures allows the physician to target treatment to
postmenopausal women with low bone mass.' The
wider use of estrogen will depend on other issues, such
as its role in preventing ischemic heart disease or as a
risk factor for breast cancer."' Estrogen treatment also
appears to slow the rate of bone loss in more elderly
women and those who have already had osteoporotic
fractures.' Calcitonin must be given by subcutaneous
injection, thereby limiting its usefulness, though intranasal administration may surmount this limitation
if its efficacy is confirmed. 6 However, there have been
no prospective, controlled studies of the recurrence of
fractures in patients with osteoporosis who are given
either estrogen or calcitonin. The impression that patients treated with estrogen sometimes feel better is
related in part to the effect on other systems rather
than to the inhibition of bone loss. The analgesic effect
of calcitonin is also beneficial. In addition to the use of
antiresorptive agents, attention must be given to the
adequacy of calcium intake and rehabilitation for patients with fractures, including physical therapy and
strategies to reduce falls.
Unfortunately, there are few alternatives to these
two antiresorptive agents. The intermittent or continuous use of diphosphonates, which also have antiresorptive properties, may be no better than the use of
estrogen or calcitonin. One diphosphonate drug, etidronate, clearly represents an appealing treatment,
because it is effective when given orally and has few if
any extraskeletal effects. The manipulation of the remodeling cycle by the cyclic administration of agents
that activate and then inhibit remodeling (coherence
therapy) remains a hypothetical, unproved concept.
Similarly, the value of parathyroid hormone or its
analogues and 1,25-dihydroxyvitamin D, agents that
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may stimulate bone formation, has not been proved.
Finally, the use of growth factors or other cytokines,
even if feasible, remains years away.
The current studies emphasize that there are many
areas in which our knowledge about postmenopausal
osteoporosis is lacking. As a matter of priority, there is
a clear need for targeted research in the areas of bone
biology, age-related bone loss, and the epidemiologic
and pathophysiologic features and treatment of postmenopausal and other forms of osteoporosis. The alternative is a not-too-distant future in which the incidence of osteoporotic fractures will reach epidemic
proportions, and costs may escalate beyond our capacity to pay.
ROBERT LINDSAY,

Helen Hayes Hospital
West Haverstraw, NY 10993

M.B.,

CH.B., PH.D.
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EFFECT OF FLUORIDE TREATMENT ON THE FRACTURE RATE IN POSTMENOPAUSAL
WOMEN WITH OSTEOPOROSIS
B. LAWRENCE RIGGS, M.D., STEPHEN F. HODGSON, M.D., W. MICHAEL O'FALLON, PH.D.,
EDMUND Y.S. CHAO, PH.D., HEINZ W. WAHNER, M.D., JOAN M. MUHS, B.S.N., SANDRA L. CEDEL, M.S.,
AND L. JOSEPH MELTON III, M.D.

Abstract Although fluoride increases bone mass, the
newly formed bone may have reduced strength. To assess the effect of fluoride treatment on the fracture rate in
osteoporosis, we conducted a four-year prospective clinical trial in 202 postmenopausal women with osteoporosis
and vertebral fractures who were randomly assigned to
receive sodium fluoride (75 mg per day) or placebo. All
received a calcium supplement (1500 mg per day). Sixtysix women in the fluoride group and 69 women in the
placebo group completed the trial.
As compared with the placebo group, the treatment
group had increases in median bone mineral density of 35
percent (P<0.0001) in the lumbar spine (predominantly
cancellous bone), 12 percent (P<0.0001) in the femoral
neck, and 10 percent (P<0.0001) in the femoral trochanter (sites of mixed cortical and cancellous bone),
HE ideal therapy for osteoporosis should increase
T bone mass to a level sufficient to decrease the
occurrence of new fractures. However, the treatments
commonly used, such as calcium, estrogen, and calcitonin, act by decreasing bone resorption and thus can
only maintain the existing bone mass or increase it
slightly.' Consequently, bone mass remains low, and
fractures continue to occur, albeit at a lesser rate.
Sodium fluoride stimulates bone formation and increases cancellous-bone mass as much as twofold."
These results have led to its widespread use and to the
hope that treatment with fluoride will decrease the
rate of vertebral fractures. Although the drug has not
been approved for the treatment of osteoporosis by the
Food and Drug Administration, many patients are being treated with low-potency preparations marketed
for use as nutritional supplements or for the prevention of dental caries! Undoubtedly, many more are
being treated with high-potency preparations compounded by local pharmacies. The regulatory agencies of eight European countries have approved the
use of fluoride as treatment for osteoporosis.' A recent
consensus report developed at the International
Workshop on Fluoride and Bone concluded that "the
benefits of fluoride therapy appear to outweigh the
risks for most patients with the vertebral crush fracture syndrome."'
Despite this widespread and growing use, there has
been concern about the safety and antifracture efficacy
of fluoride therapy. The incidence of side effects is
high,' particularly those relating to gastric irritation
From the Division of Endocrinology, Metabolism, and Internal Medicine
(S.L.R.. S.F.H., J.M.M.); the Department of Health Sciences Research
(W.M.O'F., S.L.C.. L.J.M.): the Biomechanical Research Laboratory, Depanmeat of Orthopedics (E.Y.S.C.); and the Section of Diagnostic Nuclear Medicine (H.W.W.), Mayo Clinic and Mayo Foundation. Rochester, Minn. Address
reprint requests to Dr. Riggs at the Mayo Clinic, 200 First St. S.W.. Rochester.
MN 55905.
Supported in part by research grants (AR-28576 and RR-00585) from the
National Institutes of Health.

but the bone mineral density decreased by 4 percent
(P<0.02) in the shaft of the radius (predominantly cortical
bone). The number of new vertebral fractures was similar
in the treatment and placebo groups (163 and 136, respectively; P not significant), but the number of n onvertebral fractures was higher in the treatment group (72 vs. 24;
P<0.01). Fifty-four women in the fluoride group and 24 in
the placebo group had side effects sufficiently severe
to warrant dose reduction; the major side effects were
gastrointestinal symptoms and lower-extremity pain.
We conclude that fluoride therapy increases cancellous
but decreases cortical bone mineral density and increases
skeletal fragility. Thus, under the conditions of this study,
the fluoride—calcium regimen was not effective treatment
for postmenopausal osteoporosis. (N Engl J Med 1990;
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and pain in the lower extremities. Moreover, bone
formed during the administration of fluoride may be
structurally abnormar'' and its strength less than normal. Indeed, in some but not other studies," fluoride
therapy in women with osteoporosis increased the oc- 4
currence of hip fractures.
To examine these issues, we performed a four-year,
prospective, randomized, double-blind, placebo-controlled trial of sodium fluoride in women with osteoporosis. Because it has been recommended that calcium
be given with sodium fluoride to offset the impairment
in mineralization that occurs when fluoride is given
alone," all patients also received supplementary
calcium.
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Patients
The 202 patients with Type I (postmenopausal) osteoporosis who
were enrolled in this study were fully ambulatory, postmenopausal
white women 50 to 75 years Of age who had documented osteoporosis but no evidence of an associated disease or a history of use of any
drug known to cause osteoporosis. The criteria for osteoporosis were
diffuse osteopenia on spinal roentgenography, the presence one
or more vertebral fractures, defined as a decrease in vertebral height
of more than 20 percent, and a bone-mineral-density value for the
lumbar spine, below the normal range for premenopausal women.
All women met these criteria except one whose decrease in vertebral
height was 17 percent. Except for three women who had particip at
-edinatrlofc hepy,nadrviouslptced
in clinical trials of other investigational regimens, and none were
entered into the study because of a lack of response to standard
treatment regimens. About 1000 patients or patients' medical records were screened to obtain the required number of patients who
met the inclusion criteria and volunteered to enter the trial. All were
patients at the Mayo Clinic, and about 75 percent had pres.:
been found to have osteoporosis.
At the time of recruitment, 153 of the women were receiving
treatment for their osteoporosis. The treatment consisted of calcium
supplements (>500 mg per day) in 29 women, calcium supplements
plus pharmacologic doses of vitamin D (>1000 units per day) in 30,
estrogen in 22, estrogen plus calcium supplements in 30, estrogen
plus calcium supplements plus pharmacologic doses of vitamin D
31; vitamin D alone in 6, and vitamin D and estrogen in 5. None of
the women had ever received . sodium fluoride or diphosphonate
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drugs . The treatment was discontinued for three months in women
recei vin g calcium supplements, vitamin 0, or both and for six
months in those receiving estrogen before the start of this study.
All the women gave written informed consent. The study was
-..wed and approved by the Mayo institutional review board.
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The women were randomly assigned to treatment or placebo
groups. with 101 women in each group. The composition of the
groups was balanced according to the number of vertebral fractures
at base line, the bone mineral density of the lumbar spine, the
dosage of any previous estrogen treatment, and the interval after the
discontinuation of previous treatment for osteoporosis. The treatment group received sodium fluoride t 75 mg per day, given as 30mg tablets three times daily and twice daily on alternate days), and
the control group received a placebo tablet identical in appearance.
groups received divided doses of calcium carbonate equivalent
co mg of elemental calcium per day. The women were treated
for four years, during which period they were evaluated every six
months. They were encouraged to be active, but there was no formal
program of exercise or rehabilitation. Their dietary calcium intake
was assessed in interviews with a dietitian and by a review of their
diet over a seven-day period as assessed by a diet diary. Changes in
calcium intake were reassessed at the end of the study.
At each evaluation the women were asked specifically about gastric pain or distress, nausea or vomiting, joint pain, stiffness or
swelling, neurologic symptoms, and hair loss. Blood samples were
collected for the measurement of hemoglobin levels, and blood and
24-hour urine samples were collected for various biochemical measure:nents. Bone roentgenography and measurements of bone mineral density and content were performed as described below. Additional radiologic examinations were performed as indicated to
search for bone spurs or incomplete fractures, and radioisotopic
bone scanning was 'performed as clinically indicated. When substantial symptoms appeared that were believed to represent side
effects, fluoride treatment was stopped until the symptoms disappeared. Treatment was then resumed with a 15-mg reduction in the
daily dose of sodium fluoride or an equivalent amount of placebo; these doses were continued for the remainder of the study.
Compliance was assessed by a count of the pills remaining at
each visit.
Laporatory Studies
The serum and urine samples were stored frozen until they were
analyzed periodically in batches. Serum and urinary calcium levels
were measured by atomic-absorption spectrophotometry. Serum
levels of phosphate, creatinine, and alkaline phosphatase and urinary levels of phosphate and creatinine were measured by routine
methods with an AutoAnalyzer. Serum bone Gla-protein (BGP,
osteocalcin) levels were measured by radioimmunoassay.' Serum
parathyroid hormone levels were measured by radioimmunoassay
using an antiserum (GP-235) directly against epitopes on the middle portion of the parathyroid hormone molecule. Urinary cyclic
AM? levels were measured by radioimmunoassay. Serum and urinary fluoride levels were measured by a glass-electrode method."
Urinary hydroxyproline levels were measured colorimetrically after
fractionation by high-performance liquid chromatography. The
glomerular filtration rate was estimated by measuring creatinine
clearance.
The bone mineral densities of the lumbar spine, femoral neck,
and femoral intertrochanteric region were measured by dual-photon
a bsorptiometry. The bone mineral content of the shaft of the radius
was measured by single-photon absorptiometry at the junction of
the middle and distal thirds of its length. The long-term precision
was 2.2 percent for the measurements with dual-photon absorptiorn.nry and 1.0 percent for those with single-photon absorptiometrY;' The measurements of the lumbar spine and radius were made
at base line and every six months, and those of the femur every two
y ears. Roentgenography of the lumbar and thoracic vertebrae was
Performed at base line and yearly.
Assessment of Fractures .
• V ertebral fractures were assessed by quantitative biplanar
cmgraphy" with use of the method of Rab and Chao." Roentgenog-
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raphy of the thoracic and lumbar vertebrae was performed with the
lens at a constant focal length and with the woman placed in a stable
position in a calibrated frame so that her posture and position were
identical at each examination. Fractures of vertebrae from T-4
through L-5 were evaluated. The landmarks on each vertebra were
identified and their positions on the lateral radiograph were recorded (coefficient of variation, 1.5 percent) with an electrostatic digitizing board [Graf/Pen GP-6 model 50 sonic digitizer)). A scale factor
was used to correct for magnification errors. Measurements of the
heights of the anterior (h,), middle (h„„ averaged from "right" and
"left" middle heights), and posterior (hp) regions of each vertebral
body were made to the nearest 0.1 mm. Anterior wedge fractures
were identified by a decrease in the h,:h p ratio, central biconcave
fractures by a decrease in the h„,:hp ratio, and vertebral collapse by a
decrease in the total height, including h p, as compared with adjacent vertebrae. A patient was considered to have a new fracture if at
least one of the three ratios decreased by 15 percent within a vertebra between any two examinations. In addition, the total vertebral
height and total lateral area of the vertebral bodies were summed
from the measurements and recorded as continuous variables. All
measurements were made by a person unaware of the patient's
treatment assignment.
Statistical Analysis
The primary goals of the study were to assess the effect of fluoride
therapy on the occurrence of vertebral fractures and related side
effects, including the occurrence of nonvertebral fractures. Fracture
rates and confidence limits were expressed as fractures per 100 person-years." Relative risk was defined as the ratio of the number of
fractures per person-year in the patients receiving fluoride to the
number of fractures per person-year in the patients receiving placebo. Binary logistic analysis was used to assess differences between
groups with respect to the number of women in whom new fractures
developed during treatment.' The dependent variable in this analysis was whether at least one new fracture occurred during treatment. Because patients could have more than one fracture during
treatment, they were grouped into categories according to the rate
of occurrence of new fractures, and an ordered categorical analysis
(proportional-odds model) with the logistic-regression model was
performed.' Finally, the Cox proportional-hazards mode120 was
used to assess the effect of treatment on the rate of occurrence of
first new fractures. Side effects were assessed by binary logistic regression and Cox proportional-hazards modeling.
The rates of change in bone mineral density (percent change per
year) at each site were calculated as the slope of a least-squares
regression line of successive measurements of bone mineral density
for each patient, divided by its intercept and multiplied by 100. This
ratio was used as the dependent variable in weighted multipleregression models' to assess the effect of treatment on these rates of
change. The weights were the variance estimates of the ratios.'
In each of these analyses, the results were adjusted for stratification variables and significant (P<0.05) covariates and interactions. Thirty-one possible covariates were assessed, including the
base-line values for age; number of years since menopause; height
and weight; calcium intake; type of previous treatment; number of
fractures; initial bone mineral density at the various scanning
sites; concentrations of serum and urinary fluoride, calcium, phosphorus, and creatinine; serum concentrations of immunoreactive
parathyroid hormone, bone Gla-protein, and alkaline phosphatase;
urinary excretion of cyclic AMP and hydroxyproline; and hemoglobin.
In all analyses, the results reflect all available data for the 202
patients who entered the trial, whether or not they completed the
full four years of study.
RESULTS
Clinical Findings

The major clinical and biochemical characteristics
of the 202 women at base line are shown in Tables 1
and 2. There were no significant differences between
the two groups with regard to these or any other covariates. Of the 202 women enrolled, 135 (66 in the
fluoride group and 69 in the placebo group) completed
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Table 1.
1. Clinical Characteristics of the Women in the fluoride and Placebo Groups at
Base Line. •
CNA/Arran=

PLAcaso

P VALUE'

(57.2-74)
68
21
(10-35)
2.5 (0.2-11.7)

0.96
0.69
0.47

FLUORIDE

supplemental calcium was 1329 mg
per day in the fluoride group and
1305 mg per day in the placebo
group (P not significant).

median (rwlet)

(Yr)
Years since menopause
Years since diagnosis of
osteoporosis
Years since initial vertebral
fracture
Dietary calcium intake (mg/day)
Height (cm)
Weight (kg)
Vertebral fractures (median
no./person)
Total vertebral area (cm')
Bone mineral density (g/cm2)
Lumbar spine
Femoral neck
Femoral intertrochanter
Bone mineral content of radius (g/cm2)

Age

(58-74)
68
21.5 (9-33)
• 3.5 (0.2-12.9)

Safety

For purposes of this analysis, a
side effect was defined as a symptom severe enough to require a de3
0.16
(0.8-13.28)
4
(0.5-15.8)
crease in dosage. Fifty-four of the
women receiving fluoride had side
0.76
(419-1566)
(436-1510)
983
961
effects during the study, as did 24 of
0.12
(149-165)
159
157
(149-166)
those receiving placebo (Table 3).
0.84
(50.2-77)
61
(49.6-75.5)
61
0.72
(1-7)
4
The mean (-±SE) cumulative per3
(1-6)
centages who had side effects dur0.94
82.0 (71.3-95.1)
82.8 (70.9-96.3)
ing the four-year period (according
to the Kaplan-Meier method) were
0.60
0.78 (0.59-0.99)
0.77 (0.60-0.98)
0.43
0.66 (0.47-0.77)
0.64 (0.51-0.75)
65-2:6 percent and 26-±5 percent in
0.44
0.50 (0.37-0.64)
0.50 (0.38-0.63)
the fluoride and placebo groups, re0.20
0.72 (0.59-0.88)
0.68 (0.55-0.89)
spectively. After adjustment for
stratification variables and covar• P<0.05 by the rank-sum test.
tRanges shown are from the 10th to the 90th percentile.
iates, significantly more women receiving fluoride had side effects
than did women receiving placebo (P<0.0001). I:: adthe full four years of treatment. The numbers of womdition, the fluoride-treated women had about 3.0
en who discontinued the trial during years 1, 2, 3, and
times (95 percent confidence interval, 1.9 to 4.8) as
4 were 14, 6, 14, and 1, respectively, in the fluoride
many side effects as the women given placebo. The
group and 12, 7, 11, and 2, respectively, in the placebo
side effects fell into one of two major categories 7group. The reasons for discontinuation were side efthose due to gastric irritation and those due to pain in
fects in 10, personal reasons in 39, the development of
the lower extremities.
other illnesses in 10, death in 6, and loss to followThe gastric symptoms consisted mainly of nauup in 2.
sea or, less commonly, epigastric pain and vomitAs assessed by the count of tablets, the median dosing, or both. The fluoride-treated women had these
age of sodium fluoride at the end of the study was 71
symptoms 2.9 times (95 percent confidence interval,
mg per day. The distribution of the mean dosages
1.2 to 7.1) more frequently than the women given
in individual women was as follows: in 25 women,
placebo. However, the risk of peptic ulceration and
mg per day; in 36 women, 65 to 74 mg per day;
anemia due to loss of blood was similar in both
in 18 women, 35 to 64 mg per day; in 13 women,
groups.
<55 mg per day; in 9 women, the dosage could not be
The episodes of lower-extremity pain developed reldetermined with accuracy. The median dosage of
atively acutely, associated at times
with local pain and erythema and
Table 2. Biochemical Characteristics of the Women in the Fluoride and Placebo
sometimes requiring the use of
Groups at Base Line.
crutches. In about 10 percent of the
episodes the pain was bilatera The
CHARACTER/STIC.
P VALuet
FLUORIDE
PLACEBO
women given fluoride had this side
median (ranget)
effect 9.9 times (95 percent confiSerum calcium (mmolfliter)
dence interval, 4.0 to 24.2) more
2.42 (2.30-2.52)
2.40 (2.27-2.54)
0.76
Serum phosphate (mrnol/liter)
1.19 (1.03-1.39)
1.16 (1.00-1.42)
0.23
often than the women given plaAlkaline phosphatase (jhkatiliter)
0.4 (0.3-0.6)
0.4 (0.2-0.5)
0.72
cebo. The more severe symptoms
Bone Gla-protein (ng/m1)
7.4 (3.8-11.9)
'7.7 (3.9-11.4)
0.68
occurred only in the fluoride group.
Parathyroid hormone (ml-eq/liter)
(22-61)
(22-60)
0.68
36
35
These symptoms usually disapSerum fluoride (p.mol/liter)
1.5 (0.9-2.3)
1.4 (0.8-2.2)
0.26
peared four to eight weeks after
Hemoglobin (g/liter)
139
139
(126-151)
0.63
(128-150)
treatment was stopped. When the
Cre.atinine clearance (ml/min)
83.4 (56.3-114.1)
84.8 (59.5-111.7)
0.93
drugs were resumed at a
Urinary calcium (mmol/day)
3.1 (1.2-5.1)
3.1 (1.6-6.1)
0.53
dose, symptoms recurred in
Urinary phosphate (mmol/day)
20
(12-29)
21
(12-31)
0.28
women and recurred more than
Urinary fluoride (p.molfliter)
76
(39-127.4)
80
(36.3-131.6)
0.89
Cyclic AMP (rimolicll of GE)
the recur3.4 (2.24-5.07)
0.49
once in two women.
3.5 (2.22-5.45)
Urinary hydroxyproline (nntolidl of GF)
19.8 (13.6-29.5)
20.3 (13.7-30.8)
0.97
rences were in the fluoride group.
In 19 of the women (20 episodes)
'GP denotes glomerutar filtrate.
with the acute lower-extremity pain
tP<0.05 by the rank-sun, test.
tRanges shown are from the lehh to the 90th percentile.
syndrome, a search was made for
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incomplete ("stress") fractures by roentgenography of
the painful area at least two weeks after the onset of
pain. Eleven such fractures were identified by the radiologist on the basis of radiopaque sclerotic bands that
i .;resented healing fracture calluses. In four of the
;..omen, the diagnosis was confirmed by a bone scan
that showed a localization of 99m Tc-labeled diphosphonate. An incomplete fracture developed into a
complete fracture in only one woman.
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Table 3. Untoward Symptoms and Signs in the Women with Osteoporosis in the Fluoride and Placebo Groups.

1..

Gastric pain, nausea.
vomiting
Gastrointestinal bleeding,
anemia
Lower-extremity pain.
Bone spurs
Fracture, nonunited
Any of the above

Urine

600

During the trial, the mean serum alkaline phosphatase concentration increased by 15.6±2.3 U per
liter (P<0.0001), and the mean serum bone Gla-pro•.in concentration increased by 5.2±0.9 ng per liter
(i • <0.0001) in the patients treated with fluoride as
compared with the patients taking placebo. The serum calcium, phosphorus, and immunoreactive parathyroid hormone concentrations, the urinary excretion of calcium, and the creatinine clearance did
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No. OF
PATIENTS

No. OF
EPISODES

RELATIVE RISE
(95% CO.

FLUORIDE

PLACEBO

FLUORIDE

17

7

22

8

2.88 (1.2-7.1)

9

9

10

12

0.87 (0.3-2.3)

37
3
1
54

5
4
o
24

47
3
I
83

5

9.85 (410-24.2)

4

0.79 (0.2-3.4)
3.00(1.9-4.8)

CEBO

o
29

The fluoride group had 310 person-years of follow-up, and the placebo group had 325
per.;.m-years of follow-up. Patients were evaluated every six months for side effects. Cl denotes
contidence interval.
tSome patients had more than one untoward symptom.

not change significantly. Serum and urinary fluoride
levels increased (P<0.0001) in the fluoride group
(Fig. 1).
Bone Densitometry

In the fluoride group, the mean increase in bone
mineral density of the lumbar spine was 8.2 percent per year (95 percent confidence interval, 5.3 to
10.9), as compared with 0.4 percent per year (95 percent confidence interval, -1.6 to 2.5) in the placebo
group. The difference between these two rates, 7.8
percent per year (95 percent confidence interval, 6.0 to
9.5), was significantly different from zero (P<0.0001).
The corresponding changes in the bone mineral densay of the femoral neck were 1.8 percent per year
(95 percent confidence interval, -0.7 to 4-.2) in the
treatment group and -0.9 percent per year (95 percent confidence interval, -3.4 to 1.6) in the placebo group; the difference between these rates, 2.6
percent per year (95 percent confidence interval, 1.7 to
3.6), was also significant (P<0.0001). In the femoral
mitertrochanteric region, the corresponding changes

400
200
0
2

3

4

Year of Treatment

Figure 1. Mean (-±SE) Serum Fluoride and Urinary Fluoride Levels in the Fluoride Group (Solid Circles) and the Placebo Group
(Open Circles).

in the fluoride and placebo groups were -1.8 percent
per year (95 percent confidence interval, -1.4 to 5.1)
and -0.7 percent per year (95 percent confidence interval, -3.7 to 2.3), respectively, and the difference
between these rates was 2.3 percent per year (95 percent confidence interval, 1.1 to 4.0) (P<0.0001). The
bone mineral content of the radial shaft decreased
by 1.8 percent per year (95 percent confidence interval, -3.3 to 0.3) in the fluoride group, as compared
with 0.4 percent per year (95 percent confidence interval, -1.7 to 1.1) in the placebo group. The difference between these rates, -1.4 percent per year
(95 percent confidence interval, -2.0 to -0.8), was
also significant (P<0.0001). During the four years
of the trial, there was a cumulative increase in
bone mineral density in the fluoride group as compared with the placebo group of 35 percent for the
lumbar spine (Fig. 2), 12 percent for the femoral
neck, and 10 percent for the femoral intertrochanteric

1.2
1.1
1.0
0.9
0.8
0.7
0.6
0

2

3

4

Year of Treatment

Figure 2. Mean (.-_-SE) Bone Density of the Lumbar Spine in the
Fluoride Group (Solid Circles) and the Placebo Group
(Open Circles).
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tures, respectively; the rates in the placebo group were
7.4, 6.8, and 0.6, respectively. The fluoride-treated patients had nonvertebral fractures 3.2 times (95 percent
confidence interval, 1.8 to 5.6) more often than patients given placebo. The nonvertebral fractures combined occurred more frequently (P<0.02) and in more
women (P<0.01) in the fluoride group than the placebo group. The number of complete fractures and the
number of women who had them did not differ significandy between the two groups, but the number of
incomplete fractures (P<0.0005) and the number of
women who had them (P<0.0005) were higher in the
fluoride than in the placebo group.
Among the complete nonvertebral fractures, thrt
were seven hip fractures (including one fracture
caused by trauma) in the fluoride group and three in
the placebo group. This difference between groups,
however, was not statistically significant. Two deaths,
one in each group, were partly attributable to hip fractures.

0.60

Femoral trochanter
0.56

0.52

0.48
0.72
0.70

March 22, 1990

- Femoral neck

0.68
0.66
0.64
0.62
0.74
0.72
0.70
0.68
0.66
0.64

Vertebral Fractures
Year of Treatment

Table 5 shows the rates of vertebral fracture per
person-year of follow-up, both according to year of
treatment and over the entire four-year period. By
either evaluation, the risk of a vertebral fracture was
similar in both groups. Figure 4 shows the proportion
area, and a decrease of 4 percent for the radial
of women who did not have new vertebral fractures
shaft (Fig. 3).
during the treatment period. None had more than one
fracture in a single vertebra during this period. The 15
Nonvertebral Fractures
percent reduction in the number of women who had
new vertebral fractures in the fluoride group as comAll fractures that occurred during treatment, except
pared with that in the control group was not signifithose of the vertebrae, are shown in Table 4. In the
cant (P = 0.32) (Table 5). No difference with treatfluoride group, a total of 72 fractures occurred in 61
ment was detected in a proportional-hazards model of
women; of these, 40 fractures were complete and 32
the time to the first new vertebral fracture (P = 0.34).
were incomplete ("stress" fractures). In the placebo
group, there were 24 fractures in 24 women; 22 were
Ordered categorical (proportional-odds) modeling
also failed to detect significant differences between
complete, and 2 were incomplete. The rates of fracture
treatment groups (P = 0.41). When the women who
per 100 person-years in the fluoride group were 23.2,
12.9, and 10.3 for total, complete, and incomplete frachad had estrogen treatment were removed from
analysis, the difference between
groups
was even less apparent.
Table 4. Nonvertebral Fractures during the Study in the Women with Osteoporosis in
There
were no significant differthe Fluoride and Placebo Groups.
ences between the fluoride and
SrrE
INCOMPLETE FRACTURES
COMPLETE FRACTURES
TOTAL FRACTURES
cebo groups with respect to
FLUORIDE
PLACEBO
FLUORIDE
PLACEBO
FLUORIDE
PLACEBO
slope of the mean changes in total
vertebral height ( -0.543 -±0.020 vs.
no, 0/ patients (no. of fractures,
-0.573±0.025 cm per year). SimiRadius (Cones fracture)
4(4)
I It)
1 (I)
4 (4)
0(0)
0(0)
larly,
there were no significant difHumerus
0(0)
I (I)
1(1)
0(0)
5(6)
5(6)
ferences
between groups with reRib
1(1)
10(13)
11(14)
8(8)
0(0)
8(8)
spect to the slope of the mean total
Pelvis
3 (4)
0(0)
1(1)
6(7)
1(1)
3(3)
lateral area of the vertebral bodies
Proximal femur
4 (5)
1(1)
11(13)
7(8)
3(3)
4 (4)
(-2.048-±0.320 vs. -2.098±0.317
Tibia
10(11)
2(2)
2(13)
0(01
0(0)
0(0)
Metatarsus or calcaneus
7(10)
I (1)
3(3)
cm2 per year).
2(2)
9(12)
2(2)
Figure 3. Mean (-±SE) Bone Density of the Femoral Trochanter,
Femoral Neck, and Radial Shaft in the Fluoride Group (Solid Circles) and the Placebo Group (Open Circles).

Other°

All sites
Relative risk (95% confidence interval)t

1(1)
0)0)
2(2)
26 (32)
16.8 (3.9-71.7)

5(5)
3(3)
35 (40)
22 (22)
1.9 (1.1-3.4)

'Other fractures involved the clavicle Hum. the shah or distal femur (two), and the
the fluoride group and the ulna. fibula. and hand in the placebo group.

3(3)
6(6)
24 (24)
6t(72)
3.2 ((.8-5.6)

small bones of the wrist or foot (two) in

.

tThe fluoride group had 310 person-years of follow-up. and the placebo group had 325 person years of follou-up. Patients
were evaluated every sin months for nonvenebral fractures.

DISCUSSION

Cancellous-bone mass increased
in the fluoride group as compared
with the placebo group. In the lumbar spine, a site containing a predominance of cancellous bone, the
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Table 5. Vertebral Fractures during the Study Period in the Women with Osteoporosis
bone mineral density increased linin the Fluoride and Placebo Groups.*
early at a rate of about 10 percent
per year. In contrast, there was a
RELATIVE Rim
substantial loss of bone from the
YEAR
FLUORIDE
PLACEBO
(95% CI)
NO. OF
shaft of the radius, a site with a preO. OF
NO. OF
NO. OF
PERSON.
NO. OF
NO. OF
PERSONdominance of cortical bone. DePATIENTS FRACTURES
YEARS
YEARS
RATE
PATIENTS FRACTURES
RATE
creases in bone mineral content in
91.1 42.8
87
88.7 63.1
1
56
89
39
1.47 (0.4-5.5)
the radial shaft have been found
2
81.4 27.0
81
• 22
82
77.8 46.3 0.58 (0.3-1.1)
36
previously during fluoride treat66.2 39.3
54
3
67
26
71
72.7 74.3
0.53 (0.3-1.0)
4
69
32
68.9 46.4
34
68.7 49.5
66
0.94 (0.5-1.8)
ment.' Rilegsegger et al." used
Entire
301
305.2 44.6
310.3 52.5
136
•
163
311
0.85 (0.6-1.2)
computed tomography to assess the
period
changes in the two types of bone
The number of vertebral fractures was assessed only at yearly visits. Rates shown are per 100 person-years. CI denotes
in the distal radius and tibia and
confidence interval.
found a gain in cancellous bone but
a loss in cortical bone. These results
mentary calcium was given. In a controlled but nonsuggest that fluoride therapy causes a redistribution
randomized study, Riggs et a1. 3 ' found that women
of bone from the cortical to the cancellous compartwith osteoporosis who received calcium and fluoride
ment. Thus, despite supplementation, there may
had 27 percent fewer vertebral fractures than those
not have been enough calcium absorbed to mineralwho received only calcium. However, in a small, open,
ize the large amount of newly formed matrix in canthree-year study, Dambacher et al. 32 found that womcellous bone, resulting in the removal of mineral from
en with osteoporosis who were treated with fluoride
cortical bone.
had 40 percent more vertebral fractures than untreatAlthough the bone mineral density in the proximal
ed women. Most recently, in an open but randomized,
femur increased substantially at both scanning sites
controlled, three-year clinical trial run by 94 French
in the 'treatment group as compared with the plaphysicians," women with osteoporosis who were treatcebo group, the rate of increase was only one quarter
ed with fluoride and calcium had a nonsignificant 25
that in the lumbar spine. The results in the proximal
percent reduction in the rate of vertebral fracture, as
femur were intermediate between those in the vertecompared with other women with osteoporosis treated
brae and the radius and are consistent with their interby various conventional methods. When analyzed by
mediate distribution of cancellous and cortical bone;
the survival method, however, the fluoride group had
the femoral neck is about 23 percent cancellous
a significantly lower probability of a new fracture.
bone, and the femoral trochanter about 50 percent."
This trial was randomized, controlled, prospective,
Thus, small losses of cortical bone in the proximal femur may have been offset by large gains in cancellous bone.
100
Bone formed in response to large doses of fluoride
has increased crystallinity and may have decreased
elastici ty24.25; thus, the increased bone mass induced
by treatment does not necessarily equate with increased bone strength. The effects of short-term administration of fluoride to laboratory animals have
15 60
been variable, one study showing a net increase in
bone strength' but most showing no change or a
decrease in bone strength. 25.27'28 Consequently, the
40
:.:k-erall effect of fluoride therapy on skeletal strength
may be the result of the offsetting effects of qualitative changes in bone (which decrease strength) and
3 20
increases in cancellous-bone mass (which increase
strength). Thus, under these circumstances, the assessment of the fracture rate is the only reliable way to
determine efficacy in the clinical setting.
4
2
3
The results of the few controlled clinical trials of the
Year of Treatment
effect of fluoride therapy on the fracture rate are conflicting. In a double-blind, three-year, randomized
Figure 4. Proportion of Women in the Fluoride and Placebo
:.udy of patients with multiple myeloma, Harley et
Groups Who Did Not Have New Vertebral Fractures during the
Four-Year Study Period.
al. =9 found similar fracture rates in the fluoride and
In a proportional-hazards model of the time to the first fracture,
placebo groups. In a six-month, randomized, doublewith adjustment for the variables used as covariates to balance
blind trial in elderly men and women, Inkovaara et
the composition of the groups at treatment assignment, the estial." found that fluoride was associated with more fracmated relative risk in the fluoride group as compared with the
tures of all types than was placebo, but the patients
placebo group was 0.82 (95 percent confidence interval,
0.55 to 1.23).
were followed for only eight months and no supple-
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and double-blind and included sufficient person-years
of observation to have allowed the detection of a 50
percent decrease in the rate of vertebral fracture. The
nonsignificant 15 percent reduction in the rate of vertebral fracture in the treatment group can be compared with the reductions of 50 percent or more that
have been reported after treatment with other therapeutic agents."' Given the high incidence of side effects during fluoride therapy, we believe that the vertebral-fracture rate should decline by at least half to
justify the treatment. Moreover, our results are consistent with those of a parallel trial at Henry Ford Hospital in Detroit, 34 in which no difference was found in
rates of vertebral fracture in women with osteoporosis
treated with fluoride or given placebo.
Although the large increase in the mineral density
of cancellous bone in the vertebrae during fluoride
treatment did not result in a significant reduction in
the rate of vertebral fracture, the small increases in
bone mineral density at the sites composed of mixed
cortical and cancellous bone and decreases in bone
mineral density at the sites containing predominantly
cortical bone were associated with a significant threefold increase in the incidence of nonvertebral fractures, both incomplete and complete. The incomplete
fractures resembled the stress fractures reported after
a skeletal overload from athletic activities' and, like
them, occurred almost entirely in weight-bearing
bones. Because only about half the women who reported persistent pain in the lower extremities had
roentgenography of the painful area, these numbers
undoubtedly underestimate the true incidence of incomplete fractures during fluoride therapy. These
fractures occurred almost entirely in the fluoride
group, but there was also a twofold, although nonsignificant, increase in the number of complete fractures.
This increased rate of fracturing suggests that bone
formed during fluoride therapy has increased fragility.
Because of the high morbidity and mortality associated with hip fracture, the effect of fluoride treatment
on its occurrence is particularly important. Previous
investigators have reported that the incidence of hip
fractures either increased" or did not change l " during fluoride therapy. Although in this study the difference from the placebo group was not significant because of small numbers, there was almost a threefold
increase in the number of proximal femoral fractures
in the fluoride-treated women that paralleled the
threefold increase in the number of all nonvertebral
fractures. Because the bone mineral density 'of the
proximal femur increased moderately, the higher risk
of fracture, if indeed present, must be explained by an
overall decrease in bone strength.
As reported elsewhere,' the incidence of side effects
during fluoride therapy was high. Almost two thirds of
women in the fluoride group had gastric symptoms,
lower-extremity pain, or both, whereas only one quarter of those in the placebo group had these symptoms.
Gastric symptoms have been attributed to an irritant
effect of fluoride on the gastric mucosa.' The mecha-

nism of the lower-extremity pain is unclear, however.
It has been attributed both to intense bone remodeling
in the weight-bearing portions of the skeleton" ." and
to the occurrence of stress fractures." ."." We found
incomplete fractures in only 11 of the 19 symptomatic
women in whom roentgenography of the painful area
was performed at an interval appropriate for detecting
them. Thus, both mechanisms may occur.
Two caveats should be borne in mind in the interpretation of these data. First, one third of the patients
failed to complete the full four years of treatment.
Although high, the annual dropout rate in our study
was only half the average of the rates for eight other
large clinical trials in elderly women with osteoporosis." Moreover, when we expressed our results as person-years of follow-up, we achieved over 75 percent of
the follow-up that would have been theoretically possible if all 202 women had completed the full study.
We doubt that the dropout rate biased our results. It
was similar in both groups, and the data analysis included all randomized patients, whether or not they
completed the clinical trial. Second, our results are
applicable only to the conditions of this trial and cannot necessarily be generalized to regimens using other
doses or preparations of fluoride. Nonetheless, on the
basis of our negative findings, the advocates of other
fluoride regimens should document their efficacy by
randomized, controlled trials that evaluate the rate of
fracture.
Our data suggest that fluoride treatment increases
cancellous-bone mass but decreases cortical-bone
mass and increases skeletal fragility. These combined
effects result in a slight trend toward a decrease in
fracturing of the vertebral bodies (which are predominantly composed of cancellous bone) but an increase
in fracturing at sites containing either predominantly
cortical bone or similar amounts of cortical and cancellous bone. Thus, although we observed dramatic
increases in cancellous-bone mass, our findings do not
support the clinical efficacy of the fluoride—calcium
regimen for the treatment of osteoporosis.
We are indebted to Mrs. Diana Hansen for making the quantitative biplanar radiographic measurements; to Mrs. Cheryl

Collins for assistance in the preparation of the manuscript: to Drs.
R. Easta P.R. Ebeling, E.F. Eriksen, and M.A. Kotowicz for
assistance with various aspects of the clinical trial; and to Mericon Industries (Peoria, Ill.) for providing the drugs used in this
study.
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ABSTRACT
This article reviews an important phase of the debate concerning a striking association between artificial fluoridation of public
water supplies and increased crude cancer death rates in large central cities of the United States from 1940 through 1968. The authors
believe that this association reveals a causal relationship between
water fluoridation and human cancer. Critics insist that the
association is explained away by demographic changes in the two
groups of central cities which have been compared. The authors
evaluate the major papers of these critics, and show that, if all
available and pertinent data are standardized by the indirect
method for age, race, and sex, the association between fluoridation and cancer remains substantially intact, but somewhat reduced. Attention is also given to a recent suggestion that the association can be explained by changes in population sizes of the twenty cities observed. Analysis of this proposal reveals that, in the
cities considered during the period observed, changes in population size were essentially an inverse index of population aging,
and yielded adjustments parallel to those for age, race, and sex.
It is concluded that artificial fluoridation appears to cause or induce about 20-30 excess cancer deaths for every 100,000 persons
exposed per year after about 15-20 years.
INTRODUCTION
Just over a decade ago, Hon. James Delaney of New York placed
into the Congressional Record a set of time-trend data showing
a striking association between artificial fluoridation of public
water supplies and crude cancer death rates (Yiamouyiannis and
Burk 1975). Immediate criticism by epidemiologists in the National Cancer Institute of the United States led those who had
compiled these data to republish with a partial adjustment by the
direct method for age and race (Yiamouyiannis and Burk 1976),
then again with a full adjustment by the direct method for age
and further consideration for race and sex (Yiamouyiannis and
Burk 1977). Additional work has been done setting forth multi'Received for publication 20 June 1987; reviewed; accepted 23
February 1988.

pie adjustments for age, race, and sex simultaneously by way of
the indirect method (Graham and Burk 1984). Certain critics have
insisted nevertheless that the observed relationship between water
fluoridation and crude cancer death rates is merely an artifact
created by demographic fluctuations. This paper will recapitulate
and evaluate the data in question, then analyze the claims of those
who contend that there is no causal relationship between water
fluoridation and human cancer.

MATERIALS AND METHODS
The basic data consist of a comparison of the average crude
or observed cancer death rates for all neoplasms, including
leukemias, per 100,000 population per year (CDRs) for two groups
of cities, year by year, from 1940 through 1968.
The experimental group consists of the ten largest central cities
of the United States, as defined by the 1960 census, which were
all fluoridated from 1952 through 1956, each having a crude or
observed cancer death rate (CDRo) of more than 155 in 1953.
These are Chicago, Philadelphia, Baltimore, Cleveland,
Washington, (D.C.), St. Louis, San Francisco, Milwaukee, Pittsburgh. and Buffalo. The dates of fluoridation were determined
from Fluoridation Census 1969, viz., San Francisco, Baltimore,
and Washington in 1952, Pittsburgh in 1952-1953, Milwaukee in
1953, Philadelphia in 1954, St. Louis and Buffalo in 1955, and
Chicago and Cleveland in 1956. For this purpose, a city is deemed
to have been fluoridated when the fluoride content of its public
water supply has been artificially adjusted from its natural level
(usually about 0.2 p.p.m.) to a desired level (usually about 1.0
p.p.m.) through the addition of sodium silico fluoride or
hydrofluosilicic acid or some such industrial waste product.
The control group consists of the ten largest central cities of
the United States, as defined by the 1960 census, which all remained unfluoridated from 1940 through 1968, each having a
CDRo of more than 155 in 1953. These are Los Angeles, Boston,
New Orleans, Seattle, Cincinnati, Atlanta, Kansas City, Columbus (OH), Newark, and Portland (OR). The year 1968 was taken
as the terminus of the observation period, because fluoridation
was commenced in Atlanta and Seattle in 1969, then in other control cities in subsequent years.

These CDRs were derived from total cancer deaths for each
of the central cities considered as reported in Vital Statistics of
the United States for every year from 1940 through 1968, and from
population figures for each of these cities as reported in Census
of the United States Population for 1940. 1950, 1960, and 1970,
with intercensal population figures being established by linear interpolation. Total cancer deaths for about half of the cities here
in question were not available for 1951 and 1952, hence no CD Rs
were derived for those years. Cancer deaths for Boston in
1953-1954 and 1956-1958 were estimated by linear interpolation.
The aggregate population of the experimental cities was about
11.0 million in 1940, about 11.9 million in 1950, about 11.5 million
in 1960, and 10.8 million in 1970. The aggregate population of
the control cities was about 5.3 million in 1940, about 6.3 million
in 1950, about 7.1 million in 1960, and 7.3 million in 1970.

RESULTS AND DISCUSSION
Tables IA and 1B set forth the basic data in terms of the mean
CDRo. for each group of cities in each year. Table IA gives
unweighted averages, i.e., averages treating each city equally,
regardless of population size. The CDRo differences between
experimental and control cities in the 1940-50 period are so
minuscule that they may be regarded as fortuitous. However, using
the years 1953 through 1968 for all values of x and the year-byyear CDRo differences for all values of y, N = 16, df = 14, r =
+ .92, and P < .001, which means that the configuration of those
differences was most certainly not a chance happening. Table

TABLE 1A. The basic data in unweighted-average CDRo figures. CDRo
= observed cancer death rate. Experimental cities untluoridated 1940-1950:
fluoridated 1953-1968. Control cities unfluoridated 1940-1950 and
1953-1968.

1B gives weighted averages, i.e., averages treating each city in proportion to population size. The CDRo differences between experimental and control cities in the 1940-1950 period are so
minuscule that they may be regarded as fortuitous. However, using
the years 1953 through 1968 for all values of x and the year-byyear CD Ro differences for all values of y, N = 16, df = 14, r =
+.95, and P < .001, which means that the configuration of those
differences was most certainly not a chance happening.
Figure IA pictures the basic data in Table lA: the ordinate
represents CD Ro figures, the abscissa represents years from 1940
through 1970, and the two lines perpendicular to the abscissa indicate the period from 1952 through 1956 during which the experimental cities were fluoridated. Figure I B pictures the basic
data in Table 18: the ordinate, abscissa, and lines perpendicular
to the abscissa express the same events as in Figure 1A.
It is apparent that, whether unweighted or weighted averages
are considered, essentially the same empirical pattern emerges.
A visual examination of Figures IA and 1B points to three facts:
First, from 1940 through 1950, while both groups remained
un fluoridated, the observed CD Rs for both groups grew in equal
and parallel degrees. Secondly, as fluoridation was starting in the
experimental group, the observed CDfts in both groups were still
similar. And thirdly, from 1953 through 1968, as fluoridation continued in the experimental cities but remained unimplemented
in the control cities, the observed CDRs in the experimental group
grew noticeably and dramatically faster than the observed CDfts
in the control group. These facts must be weighed according to
principles of inductive logic, i.e., the second branch of natural
reason which adduces generalities and probabilities from observed

TABLE 18. The basic data in weighted-average CDRo figures. CD Ro =
observed cancer death rate. Experimental cities unfluoridated 1940-1950.
fluoridated 1953-1968. Control cities untluoridated 1940-1950 and
1953-1968.

Year

CDRo
Control

CDRo
Experimental

Year

CDRo
Control

CDRo
Experimental

1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950

158.4
152.4
153.9
159.2
162.5
165.6
168.5
174.5
178.0
179.5
178.9

155.5
155.2
157.2
161.6
162.3
168.4
171.6
172.6
173.2
179.4
179.6

1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950

159.9
154.5
154.7
159.8
163.2
167.0
169.9
175.0
177.8
180.4
179.0

155.6
156.3
158.3
162.4
164.2
168.9
171.8
173.9
174.3
181.1
180.8

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

188.2
185.6
189.5
189.1
188.4
188.6
193.0
191.1
190.4
190.2
189.4
190.3
194.3
193.4
198.8
199.4

191.3
194.1
196.3
203.6
207.1
203.5
204.7
207.0
209.3
207.2
210.9
212.6
218.6
224.8
224.4
226.4

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

185.9
182.6
186.1
187.6
185.2
184.3
188.8
185.0
185.7
183.8
184.8
184.8
187.0
188.2
190.1
191.1

190.2
192.3
193.9
201.6
204.5
199.7
201.0
205.8
206.0
204.6
208.6
208.7
212.5
218.5
218.4
219.7
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FIGURE IA. The basic data in unweighted-average CDRo figures. CDRo
= observed cancer death rate. Experimental cities unfluoriciated 1940-1950.
fluoridated 1953-1968. Control cities unfluoridated 1940-1950 and
1953-1968. Solid diamonds represent experimental cities. Open diamonds
represent control cities.

FIGURE t13. The basic data in weighted-average CDRo figures. CDRo

particulars in space and time.
It is a rule of empirical science, which was first rendered by
William of Ockham, that, given a strong association or trend in
observed events, the simplest, most obvious and natural explanation should be taken as the cause; and this should be accepted
as fact, unless and until the contrary is shown to be more plausible.
Given the trends and association portrayed by Tables IA and
1B and Figures IA and 113, the correct inference, which must stand
until the contrary is shown, is that artificial fluoridation of public
water supplies produces or aggravates human cancer on a large
scale. This conclusion is paralleled by an impressive body of
laboratory studies showing that fluoride in water, even at low concentrations, can and does cause the manifestations of cancer and
various cancer-related aberrations in organic matter and processes
(e.g., Taylor 1954, Herskowitz and Norton 1963, Taylor and Taylor
1965, Chang 1968, Jachimczak et al. 1978, Emsley et al. 1981,
Mohamed and Chandler 1982, 'mai et al. 1983, Tsutr4,1and Suzuki
et al. 1984a and 1984b, Tsuta:t and 1de et al. 1984).
Cancer incidence or mortality in man is influenced by many
interacting factors, some tending to reduce, others tending to increase the extent of the disease, including a vast number of environmental, dietary, demographic, socio-economic conditions,
practices, and trends. These tend to counteract each other. Good
diet may offset aging, quality medical care may neutralize pollution, etc. The principle of Ockham permits us to adduce that, during the period from 1940 through 1950, before introduction of
fluoridation in the experimental cities, all environmental, dietary,
demographic, socio-economic, and other factors•counterbalanced
each other so as to make the observed CDRs a true and undistorted
index of cancer mortality. The same course of reasoning leads
to the conclusion that, during the period from 1953 through 1968,
• the same interaction continued with respect to all cancer-

influencing factors, except for the one known to be new, viz., the
introduction and continuation of fluoridation in the experimen,
tai cities.
The long base line from 1940 through 1950 thus serves as a
presumed control for all known and unknown variables. Sir Francis Bacon or Lord Verulam taught that, without such controls for
known and unknown variables, it is difficult if not impossible
to adduce the cause of observed phenonmena. If a fluoridated
region has an increasing cancer death rate, for example, it cannot
be inferred from this alone that fluoridation causes cancer, for
something else may account for the trend, such as aging of the
population or high consumption of certain carcinogens in solid
food. Not until a sufficient quantity of data has been properly
organized, as in Tables IA and la can sound conclusions be
drawn. The base line is an epistemological key which permits the
inductions, not only that the observed or unadjusted cancer death
rates best represent reality, but that fluoridation rather than
something else caused the increases in human cancer displayed
by the basic data.
Cancer universally strikes the aged much harder than the young,
particularly in age groups 45 and over. And it appears that, at
least in this country during the second half of the present century, cancer has afflicted nonwhites more than whites, and men
more than women. For this reason, it is common in epidemiology
to adjust crude CDRs for age, age and set, age and race, or age,
race, and sec. This is particularly important with static comparisons between two geographic areas at a single point in time.
However, the base line in the CDR° data here under consideration serves to control for demographic fluctuations and all other
changes which might influence human cancer experience. Thus,
we prefer the so-called crude data over adjusted figures as the
closest approximation of truth here sought, all things considered.

= observedcancer death rate. Experimental cities unfluoriciated 19404950,
fluoridated 1953-1968. Control cities unfluoridated 1940-1950 and
1953-1968.
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' Yet critics maintain that, among 18 million people in 20 cities

over 30 years, it just so happens the experimental cities grew faster
in cancer-sensitive segments of their aggregate population, and
that this occurred precisely coincident with and proportionate
to the commencement and continuation of fluoridation in the
experimental cities. Such demographic trends rather than fluoridation might have produced the trends displayed by the basic data.
This is possible, but not plausible. It is not what inductive reasoning isolates as likely.
We are not adverse to inquiry as to whether the association indicated by the CDRo figures might not be materially altered by
TABLE 2A. Age-race-sex structure' of the control population in 1940.
Age
04
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85 +

White
Males
1.418
3.032
3.742
4.026
3.675
3.243
2.228
1.215
0.402
0.056

White
Females
L372
2.988
4.105
4.340
3.838
3.311
2.412
1.435
0.563
0.094

Non-White Non-White
Females
Miles
0.208
0.206
0.459
0.448
0.550
0.460
0.601
0.516
0.491
0.536
0.333
0.351
0.173
0.187
0.095
0.088
0.026
0.019
0.008
0.005

Total: 53.225 x 10'
'All figures given in 100;000s. Figures for 75-84 and 85+ estimated from
75 + census data, and known national trends in 1940; that is.12.2 percent for white males 75 and older, 14.3 percent for white females 75 and
older, 19.5 percent for non-white males 75 and older, and 23.6 percent
for non-white females 75 and older were respectively 85 and older.
TABLE 2B. Age-race-sex structure' of the experimental population in 1940.
Age
0-4
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85+

White
Males
3.045
6.655
8.269
8.459
7.598
7.057
4.426
2.218
0.663
0.092

White
Females
2.937
6.476
8.781
9.031
7.735
6.791
4.379
2.593
0.897
0.150

Non-White
Males
0.446
0.956
0.902
1.053
1.074
0.789
0.372
0.171
0.036
0.009

Non-White
Females
0.446
0.983
1.086
1.161
1.060
0.698
0.342
0.194
0.050
0.016

Total: 110.101 x 10'

TABLE 2C. Age-race-sex structure' of the control population in 1950.

0-4

5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85+

White
Males
2.486
3.334
3.502
4.398
3.958
3.466
2.735
1.612
0.560
0.086

Total: 62.901 x 10'
All figures given in 100.000s.

White
Females
2.396
3.264
3.824
4.651
4.299
3.720
3.002
2.040
0.848
0.158

Non-White
Males
0.467
0.621
0.572
0.759
0.695
0.516
0.282
0.159
0.043
0.007

TABLE 2D. Age-race-sex structure' of the experimental population in
1950.
Age
0-4
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85+

White
Males
4.457
6.199
6.521
8.179
7.386
6.511
5.405
2.865
0.896
0.124

White
Females
4.279
6.062
6.972
8.671
7.966
6.820
5.471
3.298
1.274
0.226

Non-White Non-White
Males
Females
1.042
1.047
1.420
1.451
1.593
1.302
2.031
1.744
1.669
1.559
1.215
1.137
0.584
0.631
0.337
0.302
0.079
0.101
0.022
0.013

Total: 118.858 x 10'
'All figures given in 100,000s.
TABLE 2E. Age-race-sec structure* of the control population in 1970.
Age
04
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85+

White
Males
2.005
4.278
4.729
3.557
2.891
3.096
2.591
1.622
0.756
0.173

White
Females
1.914
4.129
5.158
3.415
2.930
3.457
3.123
2.437
1.389
0.365

Non-White Non-White
Males
Females
1.053
1.056
2.236
2.238
1.608
1.917
1.462
1.247
1.007
1.200
1.001
0.859
0.716
0.611
0.511
0.354
0.179
0.122
0.054
0.034

Total: 73.477 .x 10'
All figures given in 100,000s.

All figures given in 100,000s; see footnote Table 2A.

Age

conventional adjustment for age, race, and sex. This process should
be pursued, not necessarily to obtain a better view of the facts,
but to test the induction from the principle of Ockham that the
crude data are not.misleading.
The investigation can properly proceed by way of the indirect
method of adjusting the weighted averages displayed in Table 1 B,
provided all pertinent and available data are properly taken into
account.
Tables 2A through 2F give the demographic breakdowns for
the control and experimental populations in the years 1940, 1950,
1970 expressed in terms of the number of 100,000s of persons in
each demographic category as defined by way of age (04, 5-14,
etc.), race (white and nonwhite), and sex (male and female).

Non-White
Females
0.460
0.631
0.697
0.872
0.74.8
0.515
0.277
0.178
0.052
• 0.012

TABLE 2F. Age-race-sex structure' of the experimental population in 1970.
Age
5-14
15-24

25-34
35-44
45-54
55-64
65-74
75-84
85 +

White
Males
1.413
5.165
5.470
4.196
3.477
4.094

3.908
2.512
1.176
0.225

Total: 107.666 x 10'
'All figures given in 100,000s.

White
Females
2.313
4.992
5.954
4.037
3.512
4.710
4.738
3.622
1.963
0.442

Non-White Non-White
Males
Females
2.002
L995
4.584
4.557
3.775
3.163
2.279
2.812
2.071
2.512
1.832
2.090
L263
1.441
0.748
0.900
0.329
0.238
0.096
0.059
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TABLE 3. The standard population: known cancer death rates in each
of the forty age-race-sex categories for the United States in 1940. .
Age

White
Males

White
Females

Non-White
Males

Non-White
Females

0-4
5-14
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85 +

5.2
3.2
6.3
11.9
38.3
133.3
357.1
759.5
1320.3
1569.9

4.6
3.1
4.5
20.5
73.3
198.3
385.4
677.1
1080.5
1384.5

/1
1.9
-4.3
11.6
47.0
156.4
291.9
445.0
532.2
499.1

3.1
1.6
6.3
39.4
122.4
267.2
376.6
486.1
473.7
608.2

Table 3 represents the known cancer death rates per 100,000
in each of the corresponding demographic categories for the
United States in 1940. This is the standard population which has
been used to calculate the so-called "expected" cancer death rate
(CDRe) for the control group of cities, and for the experimental
group of cities, first for 1940, then for 1950, then for 1970.
The United States in 1940 has been selected as the standard
population, not arbitrarily, but purposefully. A standard population should consist of a set of rates which will give what may be
fairly expected for each observed population, in light of its
demographic composition, and in the absence of factors tending
to make its cancer experience abnormally high or low. Such a set
of rates would presumably be what existed across the country when
the observations began. Thus, the right standard for twenty large
American cities from 1940 through 1950 and from 1953 through
1968 would be the United States in 1940.
It is needful, first, to derive a set of CD Re figures for the control and experimental groups in 1940, 1950, and 1970, multiplying the figures in each of the Tables 2A through 2F by the rates
in Table 3, thus deriving expected cancer deaths which are then
added up for both groups in each of the years in question, then
divided by the population totals given in Tables 2A through 2F,
leaving resulting fractions which are finally reduced to a common denominator of 100,000.
Next, these CDRe figures, once derived, must be paired with
their corresponding CDRo figures. It is incorrect to take the CDRo
figures merely as reported for the years 1940, 1950, and 1970. The
data for the years 1953 through 1968 are those which cause all
the concern. If only censal data are used, the period from 1950
through 1970 will be characterized by CD Ro data for two years
only, one before, the other after the observation period of 1953
through 1968, and every particle of information concerning such
observation period will be left out altogether.
For this reason, it is preferable to do a linear-regression analysis
of the CDRo data for the control, then the experimental cities,
for the observation period of 1953 through 1968. The regression
lines can then be extended to 1950 and 1970 for both the control
and experimental cities, so as to give us putative CDRo figures
for those years, figures which represent the actual trends of the
critical time span.
Similarly, a linear-regression analysis should be done of the
CDRo data for the control, then the experimental cities for the
base-line period of 1940 through 1950. Where the regression lines
intersect the axes for 1950 and 1970, the putative CDRo figures
for those years will be established.
Thus, we shall have regression lines establishing, first for control cities, then experimental cities CD Ro values for 1940 and 1950,
and also 1950 and 1970. The control and experimental CDRe

TABLE 4. Age-race-sot adjustment of the basic data for 1940-1950 and
1950-1970. CDRo = observed cancer death rate CDRe = expected cancer
death rate. See text for details of calculation. Experimental cities
unfluoridated 1940-1950, fluoridated 1953-1968. Control cities
unfluoridated 1940-1950 and 1953-1968.
Experimental Cities
1950
1950

1940
CDRo
CDRe
CDRo/CDRe
CDRo - CDRe

CDRo
CDRe
CDRo/CDRe
CDRo - CDRe

1970
222.6
165.9
1.342
56.7

1940

181.8
186.3
141.2
141.2
1.288
1.319
40.6
45.1
Control Cities
1950
1950

153.5
135.7
1.131
17.8

181.3
150.5
1.205
30.8

188.8
159.1
1.187
29.7

154.2
123.2
1.252
31.0

183.6
150.5
1.220
33.1

1970

values for 1940, 1950, and 1970 must be paired with these CDRo
values.
Table 4 gives a full set of figures for the adjustment, as derived
from Tattles 113, 2A .through .2F, and 3, and linear-regression
analysis of observed CDRs, including two distinct indices of
adjustment, viz., the ratio, CDRo/CDRe, and the difference,
CDR° - CDRe, for the control cities, then for the experimental
cities, in 1940 and 1950, and again for 1950 and 1970.
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FIGURE 2A. Age-race-set adjustment or tne basic data for 1940-1950
and 1950-1970 in terms of CDRO/CDRe. See 'Bible 4. Solid lines represent experimental cities, unfluoridated 1940-1950, fluoridated 1953-1968.
Broken lines represent control cities, unfluoridated 1940-1950 and
1953-1968.

Figures 2A and 2B picture the patterns of the adjusted data.
In Figure 2A the ordinate represents CDRo/CDRe while in Figure
2B the ordinate represents CDRo-CDRe, and in both diagrams
the abscissa represents years from 1940 through 1970. These show
visually why it is important to add the adjusted trends of 1940-1950
period to those of the 1950-1970 period so as to achieve a
cumulative adjusted effect. The commencement of fluoridation
in the experimental cities was accompanied by, not one, but two
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FIGURE 2B. Age-race :sac adjustment of the basic data for 1940-1950
and 1950-1970 in terms of CD Ro - CD Re. See Table 4. Solid lines represent experimental cities, unfluoridated 1940-1950, fluoridated 1953-1968.
Broken lines represent control cities. unfluoriciated 1940-1950 and
1953-1968.
changes in adjusted figures: one was a change in post-1950 trends,
the other was a change from pre-1950 trends, and both changes
should be accounted for; putting it less abstractly and more
spacially, the pre-1950 lines can be squeezed together, and this
will widen the net distance between the post-1950 lines at all points.
Drawing from Table 4, the time-dependent increase in CDRo
associated with fluoridation is 31.3 = [(222.6 - 188.8) - (186.3
- 183.6)] + ((154.2- 153.5) - (181.8 - 181.3)]. That is to say, considering the cumulative effect of the time spans both before and
after 1950, but acknowledging the difference in the lengths of such
time spans, the introduction of fluoridation in the experimental
cities during the 1952-1956 period is associated with an observed
increase in the cancer death rate of 31.3 cancer deaths per 100,000
persons exposed over 15 to 20 years.
Again drawing from Table 4, the time-dependent increase in
CDRo - CDRe associated with fluoridation is 18.4 = [(56.7- 29.7)
-(45.7- 33.1)] + ((31.0- 17.8) - (40.6 . 30.8)]. That is to say, considering the cumulative effect of the time spans before and after
1950, but acknowledging the difference in the lengths of such time
spans, the introduction of fluoridation during the 1952-1956
period is associated with an adjusted increase in the death rate
of 18.4 cancer deaths per 100,000 persons exposed after 15 to 20
years. The same adjusted increase, as expressed in terms of the
less informative index, i.e., the ratio, CDRo/CDRe, is +.094.
Once more drawing from Table 4, the time-independent increase
in CDRo - CDRe associated with fluoridation is 69.2% of the timeindependent increase in CDRo associated with fluoridation, inasmuch as [(31.0- 17.8) - (40.6-30.8)1/10 + [(56.7 - 29.7)- (45.1
-33.1)1/201 / [(154.2- 153.5) - (181.8 - 181.3)1/10 + [(222.6 - 188.8)
- (186.3 - 183.6)1/201 = 21.8/31.5 = 0.692. That is to say, considering the cumulative effect of the time spans before and after
1950, but disregarding the difference in the lengths of the time

spans before and after 1950 so as to consider the problem in terms
of equivalent units of time for the sake of comparison, then it
can be said that at least 69.2% of whatever increase in CD Ro is
associated with fluoridation cannot be attributed to fluctuations
in the age-race-sex compositions of the control and experimental populations.
Whether age-race-sex adjustment in this instance should be
time-dependent or time-independent is largely a matter of conceptual or philosophical preference.
In any event, the natural conclusion from these statistical
manipulations is that particularly changes in age structure, and
to a lesser extent changes in race and sex composition of the control and experimental populations over time, account for part of
the increase in cancer mortality associated with fluoridation, even
though the greater proportion thereof cannot be so explained.
This adjustment must be taken with caution, because the
demographic changes thereby measured could be and presumably
are counterbalanced to some extent by environmental, dietary,
socio-economic, and other factors so as to leave the crude CD Rs,
as we believe, the best portrayal of reality when all is said and done.
Depending on whether crude or adjusted figures are preferred,
the fairest quantification of fluoridation-caused cancer appears
to be about 20 to 30 excess cancer deaths per 100,000 persons exposed per year after 15 to 20 years.
Notwithstanding what has just been set forth, it has been
asserted over and again by defenders of water fluoridation that
indirect-method adjustment of the basic data for age, race, and
sex eliminates the observed differences in crude CDRs between
the fluoridated and unfluoridated cities after 1950 (Oldham and
Newell 1977, Doll and ICinlen 1977, Kinlen and Doll 1981, Chilvers
1983, and Knox 1985).
These critics have advocated adjustment of weighted averages,
as given in Tables 18, through the use of ten-city demographic
breakdowns as in Tables 2A through 2F, and nationwide standard
populations, as illustrated in Table 3.
The main point of disagreement is that, whereas we have derived
putative CDRo figures by linear-regression analysis of all available
and pertinent data, i.e., the crude CDRs characterizing the observation period of 1953 through 1968, the investigators just mentioned have taken reported or pericensal CDRo figures for 1950
and 1970. If, as they say, only the censal or pericensal data for
1950 and 1970 ought to be taken into account, the association
between fluoridation and cancer is wiped away by adjustment.
If instead, as we insist, the intermediate data for 1953 through
1968 must be used, a large association remains, notwithstanding
adjustment.
A crude CDR is a reduced fraction based on the number of
cancer deaths for the numerator, and the population size for the
denominator. Year-by-year cancer deaths are usually known in
both census and intercensal years. In census years, the actual size
of a population is known. For intercensal years, however, population sizes must be estimated. In the United States, for legal and
practical reasons, a census is taken only once each decade, as in
1940, 1950, etc. The procedure used for estimation of intercensal
population sizes, known as linear interpolation, assumes that,
if the population of a certain area increases or decreases between
two census years, say 1950 and 1960, such increase or decrease
occurs in equal steps for each intercensal year: hence an estimated
population size in 1951 is reckoned as the population size in 1950
plus (or minus, as the case may be) 10% of the difference between
the population size in 1960 and the population size in 1950, the
population size in 1952 is reckoned by adding (or substracting,
as the case may be) 20 07o of such difference, and so on.
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Linear interpolation is founded on the principle of Ockham,
and so is generally sound in point of inductive logic: if, for example, the population size of a given area is 100,000 in, say, 1940,
and 120,000 ten years later in 1950, the simplest, most obvious
and natural explanation is that the population size grew by about
2,000 during each of the intervening years, and such explanation
must be assumed unless and until the contrary is shown.
There are, of course, situations in which population sizes are
known to change unevenly; as where a municipality rapidly increases then rapidly decreases in population size within a few years
in consequence of a short-term boom and bust in the local
economy. But changes such as these are abnormal, for which
reason linear interpolation is ordinarily regarded as safe, and is
routinely followed as a standard practice for estimation of intercensal population sizes and cancer death rates in modern applied epidemiology (e.g., Hilleboe et al. 1956, and H.E.W. 1974).
The basic data set forth in Tables IA and 1B consist mostly of
intercensal CDRo figures which are based on interpolated
estimates of population sizes. These estimates assume that, among
millions of people in each of two groups of large cities spread
out over the face of a great continent, notwithstanding the
possibility of some uneven changes in certain localities from time
to time, increases or decreases will in the end average out into fairly
equal steps between census years. It is unreasonable in the context of the data here considered to postulate the contrary.
Chilvers (1983) claims that Washington, D.C., in the experimental group did not grow linearly between 1940 and 1950, between
1950 and 1960, and between 1960 and 1070, but does not show
what these non-linear changes would produce a material variation from the average CDRo figures given in Tables IA and 1B.
It is sufficient to say that some uneven fluctuations in the number
of people living within any major city over thirty years may be
expected, since all human activity, including birth, death, inmigration, and out-migration, is spontaneous in some degree, yet
overall, when large enough numbers are involved, such as we have
here, distinctive trends can be anticipated, and these can be fairly
approximated.
Epidemiology cannot proceed Without inductive inferences
based on reasonable assumptions which yield sound estimates.
The selection of a standard population for calculation of CDRe
figures is founded on judgment fully as intuitive as the decision
to estimate intercensal CD Ro figures by linear interpolation. Both
judgments are equally conventional in practice, equally necessary
in theory, and equally important in effect (cf. Graham and Burk
1984).
The decision to use intercensal CDRs is a matter of premathematical judgment. Once those data are established as facts
by pure logic, it is statistically obligatory to use all CDRs in each
group from 1953-1968, and statistically incorrect to use only censal or interrensal figures for 1950 and 1970, when seeking to define
the trends of crude CDRs in the control and experimental cities
after 1950.
A recent and important paper suggests that any apparent
association between fluoridation and cancer might be explained
by changes in population sizes (Burgstahler et al. 1986). These
investigators considered crude pericensal CD Rs for 1940, 1950,
1960, 1970, and 1980 in each of the NOlargest central cities of the
United States with a population of at least 25,000 in 1950 and
at least 100,000 in 1980. They report indifferent or inconsistent
• CDRo responses to fluoridation where commenced and continued, but generally inverse CDRo responses to changes in
population size.
We do not doubt that, at least in large central cities of the United

States during the 20th Century, changes in population size are
an inverse index or another dimension of population aging, i.e.,
that decreases in population size tend to be characterized by outmigration of younger people, lower birth rates, faster population
aging, and more cancer than otherwise would be found, while
increases in population size tend to be characterized by inmigration of younger people, higher birth rates, slowing or reversal
of population aging, and less cancer than would otherwise
be found. Nor do we doubt that, generally speaking, population aging has a greater influence on crude CDRs than
any one environmental factor, including fluoridation.
In light of these concessions, we think the findings of
Burgstahler et al. (1986) are quite understandable in themselves,
nor do we take issue with them, yet we believe they are not incompatible with the association between fluoridation and cancer
which we have found.
We think the implications of these findings should be considered
in relation to the data displayed in Tables IA and 113.
Among the cities represented by the data in Tables IA and 1B
from 1940 through 1950, the rate of population growth in the control group was proportionately faster than in the experimental
group, the age-adjusted CDR (i.e., CDRo - CDRe) grew relatively faster in the control group than in the experimental group, while
the crude CDR (i.e., CDRo) grew equally in both groups. This
is consistent with and confirmatory of the assumption that
changes in population size are an inverse index or another dimension of population aging, for, if true, a faster increase in
population size, as occurred in the control cities before 1950, will
tend to be accompanied by slower aging, as happened in the control cities during the same period, and that in turn will be likely
to produce a faster growth in the age-adjusted CDR than in the
crude CDR, as, again, was evident in the control cities at the same
time.
After 1950 the experimental cities became smaller in population but aged faster, while the control cities grew larger in population and aged hardly at all. This further supports the notion of
an inverse relationship between changes in population size and
population aging, a relationship which would help explain why,
after 1950, the age-adjusted CDR difference between the experimental and control groups was less than the observed CDR
difference.
In quantifying the impact of changes in the population sizes
of the various cities represented by the basic data set forth in Tables
IA and I B, we have been compelled to use a method which confines all attention within the range of the 1950-1070 epoch. But,
if such measurement of the impact of changes in population size
compares closely with age-race-sex adjustment for the 1950-1970
period, then it is safe enough to conclude that, at least in regard
to the basic data here considered, changes in population size are
an inverse index of population aging, and that the total impact
of changes in population size from 1940 through 1970 is about
the same as the total impact of age-race-sex fluctuations over the
• same time span.
Initially, we note from Table 4 that, if' only the 1950-1970 epoch
is considered, and the 1940-1950 period is entirely disregarded,
the increase in CDRo associated with fluoridation is 31.1 = (222.6
- 188.8) - (1863 - 183.6), while the increase in CDRo - CDRe is
15.0 = (56.7 - 29.7)—(45.1 - 33.1). The age-race-sex adjustment
cuts the observed figure in the post-1950 by 51.8% or about half.
In considering changes in population size during the post-I950
period, we have compiled three kinds of data from sources already
listed, and the particulars of our compilation are displayed in Table
5:
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TABLE 5.

Data used in adjustment for changes in population size,

1950-1970. To + F = percentage of the span fluoridated. 07GLIP = percentage change in the population size. ToziCDRo = percentage change in

observed cancer death rate. See II:Xt for details in calculation.
Cities
Experimental
Chicago
Philadelphia
Baltimore
Cleveland
Washington
St. Louis
San Francisco
Milwaukee
Pittsburgh
Buffalo
Control
Los Angeles
Boston
New Orleans
Seattle
Cincinnati
Atlanta
Kansas City
Columbus
Newark
Portland

0.7o + F

Nap

/142CDRo

75
85
95
75
95
80
95
90
90
80

-7.0
-5.9
-4.6
-17.9
-5.6
-27.4
-7.6
+12.6
-23.2
-20.2

+13.8
+16.3
+23.2
+ 29.6
+18.6
+25.4
+ 26.4
+2.8
+37.4
+29.8

0
0
0
10
0
10
0

+42.9
-20.0
+4.2
+11.9
-10.1
+50.2
+10.9
+43.6
-13.0
+2.4

0.0
+1.8
+ 24.2
-3.8
+22.6
+12.3
+13.7
-8.8
-9.4
+ 21.7;.

0

+ F, i.e., the percentage of the 20-year span after 1950
through 1970 during which each city was fluoridated. Thus, e.g.,
75 is assigned to Chicago, because that city began fluoridation
in 1956, and so was fluoridated about 75% of the 20-year period:
- 010p, i.e., the percentage change in the population size of
each city after 1950 through 1970. Thus, e.g., -7.0 is assigned
to Chicago, because the population of that city in 1970 was 7010
less than its population in 1950:
-go ACDRo, i.e., the percentage change in CDRo for each city
between 1950 and 1970. For this purpose we considered the CDRo
data for each city from 1953 through 1968, then extrapolated to
1950 and 1970 by linear regression. Thus. e.g.. + 13.9, is assigned
to Chicago, because there the CDRo in 1970 was 13.g c7o higher
than the CDRo in 1950.
We then proceeded to correlate these various factors for all twen-

ty cities to determine their relationships to each other:
- Using go + F for all values of x and 01oi1CDRo for all values
of y, N = 20, df = 18,r = +.55, and P < .02. This means that
the presence of fluoridation during the 1950-1970 period anywhere
among the twenty cities gave rise to a moderate but real likelihood
that CDRo would increase.
-Using 0784p for all values of x and ah4CDRo for all values
of y, N = 20, df = 18,r -.54, and P < .02. This means that
a decrease in population size anywhere among the twenty cities
during the 1950-1970 period gave rise to a moderate but real
likelihood that CDRo would increase, and that an increase in
population size gave rise to a moderate but real likelihood that
CDFto would decrease.
The magnitude of the positive correlation coefficient (r =
+0.55) measuring the direct relationship between fluoridation
and changes in CDRo is virtually equal to the magnitude of the
negative correlation coefficient (r = -0.54) measuring the inverse relationship between changes in population size and changes
in CDRo. Therefore, if, among the twenty cities during the

post-1950 period, whenever and wherever fluoridation was present, there was a corresponding and proportionate decrease in
population size, etc.-if, in other words, the correlation coefficient measuring the relationship between fluoridation and changes
in population size came very close to or equalled -1.00-, then
the apparent association between fluoridation and cancer among
the twenty cities would be an artifact of demographic fluctuations, viz., changes in population size.
-Using alo + F for all values of x and chap for all values of
y, N = 20, df = 18, r = -0.48, and P <0.04. This means that,
whenever and wherever fluoridation was implemented, there was
a corresponding decrease in population size only to the extent of
47.1(7o = 0.471 = - 0.48/(04W- 0.54), and that, whenever and
wherever fluoridation was not implemented, there was a corresponding increase in population size only to the extent of 47.1070.
The adjustment for changes in population size, like the adjustment for fluctuations in age-race-sex composition, cuts the crude
figures in the post-1950 period by about half. These two
demographic adjustments of CD Ro data appear to be two sides
of the same coin.
Therefore, demographic variables leave essentially unimpaired
the substantial association and presumed causal relationship between fluoridation and cancer. It remains fair enough, all things
considered, to =pert 20 (0 30 more cancer deaths per 100,000 persons exposed per year, within 15 to 20 years after fluoridation has
been introduced, than otherwise would have occurred.
In light of this conclusion, we urge the governments of civilized countries of the world to bring about a prompt end to artificial
fluoridation of public water supplies.
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January 22, 1990
National Toxicology Program (NTP) Study of Chronic Toxicity and Carcinogenicity
of Sodium Fluoride — FACT SHEET

hITEMuCtl:
Sodium fluoride was administered in the drinking water at concentrations of 0, 25, 100,
and 175 ppm (equals 0, 11, 45, and 79 ppm fluoride) to groups of male and female F344
rats and B6C3F1 mice, for two (2) years. There were 80 animals in the control and high
dose groups, and 50 in the low and mid dose groups.

The study is now in the evaluation phase. A panel of pathology experts evaluated the
histopethology diagnoses on January 12. This review group has confirmed the
preliminary findings of osteosarcornas in male rats (incidences of 0/80 in control rats,
0/50 in the low dose group, 1/50 in the mid dose group, and 4/80 in the high dose

group) and squamous carcinomas in the tissues of the oral cavity in male and female rats
(Male: 0/80 control, 0/50 low dose, 1/50 mid dose, and 1/80 high dose; Female: 1/80
control, 0/50 low dose, 0/50 mid dose, and 3/80 high dose). Both rats and mice had
dose elated fluorosis of teeth and female rats had osteoscierosis of long bones.

Validated (but as yet uninterpreted) pathology data tables will be available on
approdmalsly February 2. The entire data set along with statistical analyses, comparisons
with historical control tumor incidence data and an interpretation Of any potential
biologic* significant findings will be available in a draft Technical Report in mid-March.
This report will undergo comprehensive peer review in an open-to-the-pub,
' lc meeting by
the NTP Board of Scientific Counselor; in mid-April.

On The Record:

"I know of absolutely no, and I mean absolutely no means
of prevention that would save so many lives as simply to
stop fluoridation, or don't start it where it is otherwise
going to be started. There you might save 30,000 or
40,000 or 50,000 lives a year, cancer lives. That is an awful
lot of lives a year."
Dr. Dean Burk
Judicial hearing, January 14, 1982
Safe Water Foundation vs. City of Houston
District Court of Texas, Harris County,
151st Judicial District. 80-52271.

Dr. Dean Burk

Dr. Dean Burk was one of the foremost cancer specialists in the world. He was
Senior Chemist at the National Cancer Institute (which he played a role in
establishing), and from 1946 until his retirement, after 35 years of service, was
Director of the Cytochemistry Section. He was a recipient of the following awards:
in 1952 and 1955, the Gerhard Domagk Award for Cancer Research; in 1971, the
Humanitarian Award of the National Health Federation; in 1973, the Wisdom
Award Honor, and the Humanitarian Award of the Cancer Control Society; and has
been decorated Knight Commander of the Medical Order of Bethlehem (Rome).
He held a Ph.D. in biochemistry earned at the University of California. He was a
fellow of the National Research Council at the University of London, at the Kaiser
Wilhelm Institute for Biology, and also at Harvard. He belonged to eleven scientific
organizations, wrote three books relating to chemotherapy research in cancer,
and was author or co-author of more than two hundred scientific papers in the field
of cell chemistry.
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FLUORIDE CARCINOGENICITY IN ANIMALS

The subcommittee reviewed six carcinogenicity studies in animals that
have been reported in the literature to date (Table 7-1). However, only
two carcinogenicity studies conducted by NTP and Procter & Gamble are
considered adequate for determining the carcinogenic activity in animals.
The first four studies are inadequate because of deficiencies in design or
documentation of results, although they were consistently negative for an
association of fluoride with carcinogenicity.
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Figure 1 shows the lower end of
typical. slemold•shaped dose.reipponse
rune as might he generated
experimentally for a non-carcinogenic
endpoint of toxicity believed to have a
threshold. The soli line represents the
curve as experimentsily-dinerrnined.
Point A represents the highest NOAEL
determined during the experiment. Point
0 represents the threshold dose at or
above which any effect would be
elicited. The distinction between D and
A Is thal there may be an effect of the
applied dose at D but this effect is of .
such • notate Of snsipsitude as to not be
considered adverse: the effect would be
considered adverse somewhere on the
curve between Point D and Point A end
is represented by Point B. Point B may
be the actual no adverse effect level. If
the experimental procedure which
determined Point A were not sufficiently
sensitive to measure the precise
mations, relatable to an ultimate human
risk.
To derive the human RMCL "no

effect- level or ADI based upon the
experimentally derived data displayed
In Figure 1. the appropriate margin of

safety (i.e. uncertainty factor) is applied
to establish an acceptable level of
exposure. depicted es Point C. The
objective of applying the uncertainty
factor Is to make Point C below the no
adverse effect level,. Point B. Thus. Point
C would represent the ADI or RMCL "no•
effect" level with a margin of safety. hi.
possible thud the actual dose response
curve would result in Point IL in which
case the ADI or RMCL "no effect" level
(i.e.. Point C) might not be below the
presumed threshold for any effect.
There is suggestive scientific evidence
available to postulate that thresholds do
exist for noncarclisogenic end-points of
toxicity. In the absence of Inefutable
evidence. however. It remains
theoretically possible that one or more

noncarcinogenk end-points may not
have a demonstrable threshold. The

dose-response carve foe this case Is
depicted as the dashed lb. from Point A

to the origin se 011. filMs_ents lb.
threshold dose and the RP •. "no
effect" level in this case would thus be
zero.
Detenaination of RMCL "no effect'
levels foe substances which may possess
carcinogenic potential he two-phase
process. In the first phase, the
toxicological data base foe non.
carcinogenic end-points of toxicity Is
*valuated in the same manner as •
described above for "noncarcinogens".
hi the second phase, assessment is
made of tbe evidence which measures
directly the carcinogenic potential (e.g.
Inns-tem bioassays in rodents) as well

finds ere generally evallaMtiteking
es evidence which provides Indirect
cods into consideration)."
support (e g . mulagenleity and other
•Thus. MCLs 'are based upon
short. tenn test results). This process is
balancing of numerous factors Including:
difficult since the production of cancer
• Potential health risksi
Is a multistage even!, determined by a
• Performance of available treatment
multiplicity of mechanisms, the nalure of
technologies:
which remelt% for the most part,
• Feasibility and coals of treatment:
hypothesized rather than Identified.
and
To date, scientists have been unable
• Analytical methods: levels of
to demonstrate experimentally a
precision and accuracy attainable by
threshold of effect for"carcinogens."
qualified laboratitries
according to the 1977 report of the NAS
•Safe Drinking Water Committee. This
As part of this analysis,generally
!Incline leads to the assumption that
available tresirnent (CAT) (as defined hi
since no safe exposure dose can be
.Section 1413(b)) is identified (sae
demonstrated for carcinogens, any
discission in Section III) along with
exposure represents some finite level of
levels of contaminant reductIon that can
frisk. Depending upon the potency of the
be achieved. and the associated costs
iftecific carcinogen and the level, such a are determined. The costa of achieving a
risk would be vanishingly small at very
specific level are examined on the bask
low doses.
of costs to individual public water
Human epidemiology data are
systems as well as aggregated to
determine national cost impacts. The
extremely limited in their ability to
den* carcinogenic risks. Thu.. animal level Of contaminant reduction
considered to be reasonable Of feasible
experiments are conducted from which
potential human risk is extrapolated. in
is then trensleted Into the Ma. with
due eonsiderstion given toolbar the first y oking of Drinking Water and
pertinent factors.
Health, the NAS Safe Drinking Water.
Public comments are requested on
Committee provided principles to serve
as guidance to EPA when assessing the
what factor, should be considered in the
irreversible effects.
analyses. Including
• • Whet engineering and technical
)!rinciple 1: Effects lit animals.
feasibility criteria should be used to let
properly qualified, are applicable to
.
MOIL
GATT
Principle& Methods dOnot nOW bilit
.• 1 What Is • reasonable cost foe that
••
•consumer?
'to establish. threshold for long term •
effects of toxic agents.
• What other rectors should be
. considered as pertinent In determination
Principle 3: The exposure of
of the levels for MCI.?
experimental animals to toxic agents In
high doses is a necessary and valid
Monitoring/Reportint
method of discovering possible
The objective of monitoring is to . .
(carcinogenic hazards in man.
assure compliance with the MCLa and,
Principle I: Material should be
of course, to indicate the quality of the
assessed in terms of human risk. rethet
drinking water. Monitoring requirements
•than "safe" or "unsafe".
will vary depending upon which
- *Tony of the substances treated In this
conteminants and into which Category
ANPRM are not considered to be
(Le, of the three tired approach
carcinogens. The issue of RMCIJ and
dticussed previously) the contaminants
in
MCI.. for carcinogens was discussed
have been placed. The primary
the ANPRM for VOCe (47 FR 9350) and
considerations include:
will be discussed at length in the
• Frequency of sampling
forthcoming proposed RMCLit for VOCAL
• Number of sampler
Public comments are requested on the
• Locations of sampler in the
*establishment of IthICLe Including the
distribution
system. at the plant. or each
w
methodology for assessing noncarcinogenic toxk effects and the use of
• Availability of reliable analytical
the ADI as the RMCI. In addition, public
methods:
comments are requested on the method
• Precision/sperm of analytical
to be used to determine the level that
methods:
should be set for RMCLe foe
• Availability of qualified
r.arclnogens. .

1

Mal -

Section 1412(b)(3) requires trust MCI.
be set 'Int close to" the RMCLs "as is
f essible". Feasible means "with the use
bf the best technotely, treatment and
ether amens, which the Administrator

laberstarieet

• Colts of monitoring and

• • Distinctions between surtace and
ground water sources.
Public comment is requestid on the
ebove fattore ad how they wadi
•apply to.the idntaminants under

.

JOHN R. LEE, M.D.
9020 9odoga Hwy.
Sebastopol, CA 95472

2 February 1990
RESPONSIBILITY OF PUBLIC HEALTH OFFICERS TO DISCONTINUE FLUORIDATION

FACT 01 The National Toxicology Program (NIP) Study of the Carcinogenicity
of Fluoride, mandated by cangress in 1977, has finally released its results.
On January 22, the NIP reported that fluoridated rats developed bone cancers
whereas fluoride-free rats did not. Thus, fluoride is a carcinogenic hazard.
The strength of the validated fluoride/cancer link is greater than that which
resulted in the banning of the following: Alar
Red Dye 03
Cyclamate
Incidentally, during this study, the fluoride-free rats ramained healthy and
had perfectly fine bones and teeth. Thus, this same study confirms the fact
that fluoride is neither essential to health nor necessary for teeth.

FACT 02 The dosage of
completely consistent
page 45508) which are
carcinogenic hazards in

fluoride which revealed this carcinogenic hazard was
with the Federal Register's Guidelines (Principle 3,
a necessary and valid method of discovering Possible
man.

Different species have different sensitivites to fluoride toxicity just as
different individuals within a species also have different sensitivities.
Thalidomide, for example, had passed the rat test; it's toxicity was found by
an FDA researcher fortuitously testing frog tadpoles.

FACT 03 Public Health officers have the responsibility of protecting our
society from environmental toxins; the state and local chief public health
officers have the authority to discontinue fluoridation in their areas.

THEREFORE, I call upon each and every responsible public health officer to
exercise his/her authority in this matter and immediately discontinue water
fluoridation.

N- .

e es

/I>

John R. Lee, M.D.
Past chairman of the Environmental Health Committee, Mann Medical Society
Retired
Enclosures: NTP FACT sheet of 22 January 1990
Page 45508 of the Federal Register

Int. J. Cancer: 48, 733-737 (1991)
C) 1991 Wiley-Liss, Inc.
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RESULTS AND CONCLUSIONS OF THE NATIONAL TOXICOLOGY PROGRAM'S
RODENT CARCINOGENICITY STUDIES WITH SODIUM FLUORIDE
John R. BUCHER", Milton R. HEJTMANCIK 2 , John D. TOFT IF, Ronald L. PERSING 2 , Scot L. EUSTIS' and Joseph K. HASEMANI
'National Institute of Environmental Health Sciences, P.O. Box 12233, Research Triangle Park, NC: and 2Battelle Memorial
Institute, Columbus Division, 505 King Avenue. Columbus, OH, USA.
The US National Toxicology Program (NTP) has conducted
toxicity and carcinogenicity studies with sodium fluoride administered in the drinking water to F3441N rats and B6C3F,
mice. The drinking water concentrations used in the 2-year
studies were 0, 25, 100, or 175 ppm sodium fluoride (equivalent to 0, 11, 45 or 79 ppm fluoride). Survival and weight gains
of rats and mice were not affected by fluoride treatment.
Animals receiving sodium fluoride developed effects typical of
dental fluorosis, and female rats given I75 ppm had increased
osteosclerosis. There were no increases in neoplasms in female rats or in male or female mice that were attributed to
sodium fluoride administration. There was equivocal evidence of carcinogenic activity of sodium fluoride in male rats
based on the occurrence of a small number of osteosarcomas
in treated animals.

Sodium fluoride, a white, crystalline, water-soluble powder,
is one of several fluoride-containing compounds used in water
fluoridation systems (0.7 to 1.2 ppm fluoride) and is added to
many dental hygiene products (1,000 to 1.500 ppm fluoride for
toothpastes, 4,000 to 6.000 ppm for topical gels) for the purpose of preventing or reducing dental caries (Murray. 1986:
Slooff et al., 1989). Sodium fluoride has also been used therapeutically in attempts at treating osteoporosis because of its
ability to stimulate bone osteoid formation (Riggs et al., 1990).
The US National Toxicology Program has performed 6month toxicity and 2-year toxicity and carcinogenicity studies
with sodium fluoride. The chemical was administered in the
drinking water to F344/N rats and B6C3F, mice of both sexes.
This report presents the peer-reviewed findings and conclusions concerning the potential carcinogenicity of sodium fluoride (NTP. 1991).
MATERIAL AND METHODS

Six-week-old animals (80 per sex and species in the highdose and control groups; 50 in the low and mid-dose groups)
were given de-ionized drinking water containing either no fluoride, or the various fluoride concentrations as sodium fluoride
(Apache Chemical, Seward, IL; >99% pure), for 103 weeks,
under controlled conditions of housing and disease surveillance, at which time they were killed with CO 2 , and radiographed: tissues and organs were collected for complete microscopic examination. Satellite groups of 10 additional animals per sex, species and dose were killed for similar
evaluation at 6 and 15 months. A second control group provided age-matched controls that were killed during any week
that a regular study animal died, allowing for a comparison of
bone changes in dosed and control animals of similar ages. The
concentrations of sodium fluoride selected for the 2-year studies, 0, 25, 100, and 175 ppm, were based on the results of
previous 6-month studies to result in which rats received concentrations as high as 300 ppm, and mice, 600 ppm (NTP.
1991).
Because the skeleton is a recognized target for fluorideinduced effects, all animals in the sodium fluoride studies received a thorough gross examination of the skeleton at necropsy and whole-body radiographs were taken. Bones examined
microscopically included the proximal portions of the humerus, femur, and tibia: a thoracic vertebra, the maxilla. in-

cisive and nasal bones and the mandible, in addition to any
abnormal bone noted grossly. In NTP studies of other chemicals, samples of bone from the maxilla and the rib or femur are
sectioned for examination in addition to gross lesions; radiographs are not taken.
The diet used in the sodium fluoride studies was the NIH-07
diet formulated with selected lots of fishmeal and mineral salts
with lower than the usual fluoride content, such that the diet
averaged approximately 8 ppm fluoride (compared with the 28
to 47 ppm fluoride typically present). Estimations of the bioavailable fraction of the dietary fluoride (about 60%) were
obtained by determining the fluoride intake and the fraction of
the intake of fluoride excreted in the .feces. The bio-availability
of the combined dietary and dosed water fluoride received by
the dosed groups was proportionately higher, reflecting the
previously reported near complete availability of water soluble
fluoride salts (Carlson et al.. 1960). These numbers were derived from water consumption measurements performed
weekly during the first 13 weeks of the study, and monthly
thereafter, and from diet consumption measured every other
week for the first 13 weeks, and for a one week period in each
of the last 3 months of the study. Water and diet consumption
were not different in the dosed and control groups.
The probability of survival was estimated by the productlimit procedure of Kaplan and Meier (1958). The majority of
tumors found in this study were considered incidental to the
cause of death or not rapidly lethal, thus the primary statistical
method used was a logistic regression analysis (Dinse and
Haseman. 1986). Full experimental details of these studies
have been reported (NTP. 1991).
RESULTS AND DISCUSSION

The drinking water concentrations of sodium fluoride used
for both species in the 2-year studies were 0, 25. 100, and 175
ppm. which is equivalent to 0,-11. 45. or _79 ppm fluoride ion.
The concentrations selected were' bel6W - those- found in the
6-month studies to result in reduced body-weight gain (observed in mice receiving concentrations of 200, 300 and 600
ppm. and in rats receiving 300 ppm sodium fluoride), and to
produce forestomach ulcers in rats (300 ppm). Other treatmentrelated effects noted primarily with the higher sodium fluoride
concentrations during the 6-month studies included the death of
mice, signs of dental fluorosis in rats and mice, and increased
osteoid formation in long bones of both sexes of mice.
During the 2-year studies. body-weight gains and survival
were similar in control and dosed groups of rats and mice. The
estimated average daily fluoride intakes for rats and mice
throughout the studies are shown in Table I. Fluoride accumulated in bone proportionate to the concentrations of sodium
fluoride in the drinking water (Table II), and tooth mottling and

3To whom correspondence and reprint requests should be addressed at
NTP/N1EHS. P.O. Box 12233. RIP. NC 27709, USA. •
Received: December 29, 1990 and in revised form March 5, 1991.
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tistically significant (p = 0.027) for a dose-related trend when
'an additional follicular-cell carcinoma is included which was
found in a satellite group of 10 animals killed for evaluation of
toxicity at 66 weeks (5/90. 5.6% incidence in 175 ppm group).
Thyroid follicular-cell neoplasms have occurred at an average
rate of 1.2% (26/2086) in male rat historical control groups,
and incidences of 6% have been previously observed in control
groups for studies which have used the feed or water route of
administration: incidences of up to 10% have occurred in control groups administered corn oil by gavage. This tumor type
was not considered treatment-related because the incidence
was only marginally increased in the dosed animals, and there
appeared to be no pattern of progression in the incidences of
hyperplasias, adenomas and carcinomas. Additionally, the incidences fell within the historical control range.
There were also changes in 2 tumor types which are seen
frequently and at variable rates in control groups of F344 rats
and B6C3F, mice. Uterine stromal polyps occurred with a
negative dose-response trend in female rats (Table Ill), and the
incidence of stromal polyps in females receiving 175 ppm sodium fluoride was significantly less than in controls. Uterine
stromal neoplasms have appeared at incidences ranging from 8
to 36% in historical controls (Haseman et al., 1985). Malignant lymphoma or histiocytic sarcoma occurred with a positive
dose-response trend in female mice (Table III). This neoplasm
has appeared with a mean incidence of 31%, and a range 10 to
74% in female mouse control groups (NTP. 1991). Because of
the frequent and variable appearance of lymphoma and the
uterine neoplasms in historical control animals, it was concluded that the changes in incidence in the current study were
of insufficient magnitude to be attributed to sodium fluoride
administration.
The incidences of liver neoplasms in all groups of dosed and
control male and female mice were higher than incidences
previously seen in NTP studies (1991), but did not appear
related to chemical treatment. Several hepatoblastomas and
hepatocholangiocarcinomas were diagnosed in male and female mice (Table III). Hepatoblastoma and hepatocholangiocarcinoma of mice are phenotypic variants of hcpatocellular
carcinoma with characteristic cell types and morphologic patterns. The hepatoblastomas contained a cell population which
resembled embryonal liver cells as well as neoplastic cells
characteristic of a typical hepatocellular carcinoma, whereas
the hepatocholangiocarcinomas exhibited both hepatocyte and
biliary differentiation. As phenotypic variants of hepatocellular
carcinoma, the incidences of these neoplasms were combined
with the other hepatocellular neoplasms for analysis. The appearance of these phenotypic variants in dosed animals is unusual, and the biologic significance, if any, is unknown.
Osteosarcomas of bone in male rats occurred only in the 100
and 175 ppm dose groups (Table 111). Three of the 4 neoplasms

TABLE I - ESTIMATED TOTAL DAILY FLUORIDE INTAKE FROM DIET AND
WATER IN THE SODIUM FLUORIDE DRINKING WATER STUDIES IN F344
RATS AND Ilt5C3F, MICE
Concentration
Ippm1

0

25

100

175

Male rats
Female rats
Male mice
Female mice

0.2'
0.2
0.6
0.6

0.8
0.8
1.7
1.9

2.5
2.7
4.9
5.7

• 4.1
4.5
8.1
9.1

'Units of mg fluoride/kg body weight per day. Fluoride intake for control animals
is from the diet: values for other groups represent F in ihe diet and water, assuming
60% of dietary F and 100% of water F is bio-available.

discoloration were also dose-related in rats and mice. Male rats
had the most severe dental effects, with attrition and tooth
deformity as a result of abnormal wear leading to malocclusion
in 13% of the animals given 175 ppm. Microscopically there
was evidence of dentine dysplasia and amcloblast degeneration. Dental effects in mice were primarily a dose-dependent
increase in tooth mottling and whitish discoloration. All
changes were typical of dental fluorosis in rodents and other
species. The only evidence of non-neoplastic change in bone
attributed to sodium fluoride was an increase in osteosclerosis
in top-dose female rats (8% in controls. 22% in the 175 ppm
group, p = 0.04). No other non-neoplastic lesions appeared
related to sodium fluoride administration in these studies.
There were marginal differences between control and dosed
rats and mice in the incidences of neoplasms at several tissue
sites that were not considered related to sodium fluoride administration, or were not considered of biologic importance.
These occurred in the oral mucosa. thyroid gland, and uterus of
rats, and the hematopoietic system and liver in mice.
Squamous-cell papilloma or carcinoma arising from the epithelium of the oral mucosa occurred in several dosed and
control rats (Table 111). While the incidences of papillomas and
carcinomas combined were numerically increased in both
sexes, these increases were not considered related to sodium
fluoride administration because they were not statistically significant, and there were no increases in squamous hyperplasias, which could represent a potential precursor, or preneoplastic change (Brown and Hardisty. 1990). Squamous-cell
neoplasms of the oral mucosa arc relatively uncommon in
F344/N rats occurring in about 0.7% (1412106) of males and
0.6% (12/2153) of female rats in control groups from 44 studies in which chemicals have been administered in the feed or
water. Incidences of 4% in historical control groups (typically
containing 50 animals) have occurred on several occasions
(NIP, 1991) and this is slightly higher than the incidence of
3.75% seen in the 175 ppm dose groups in the current study.
The incidence of thyroid-gland follicular-cell neoplasms was
increased in male rats receiving drinking water containing 175
ppm sodium fluoride (Table 111). This was due primarily to an
Increase in adenomas; the incidences of follicular-cell hyperplasias and carcinomas were unchanged. The incidence of follicular-cell neoplasms (adenomas and/or carcinomas) was sta-

were observed upon gross and radiologic examination as vertebral masses. Two of the vertebral tumors occurred in animals

that died before the end of the study (55 and 96 weeks), and 2
metastasized to other organs. The remaining bone osteosarcoma was a microscopic tumor found in the humerus of an

TABLE II - BONE FLUORIDE CONCENTRATIONS AT THE END OF THE 2-YEAR DRINKING . WATER STUDIES WITH
SODIUM FLUORIDE
Concentration
(ppm)
Male rats
Female rats
Male mice
Female mice

25
445
554
719
917

±7
±7
± 64
-.1- 73

978
1348
1606
1523

± 43
± 51
± 63
± 82

175

100

3648 -± 146
3726 138
3585 ± 109
4370 ± 155

5263
5554
5690
6241

± 207
± 224
± 227
± 279

'Mean S.E. as ppm (u.g/g) of humerus ash, using method of Singer and Armstrong 11968), n 10. values for all dose
groups are significantly greater than the respective controls. p < 0.01. Fluoride content of bone of control animals is derived
primarily from fluoride in the diet (Rao and Knapka. 1987).
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CARCINOGENICITY OF SODIUM FLUORIDE
INCIDENCES OF SELECTED PROLIFERATIVE LESIONS OBSERVED IN THE 2-YEAR DRINKING-WATER STUDIES WITH SODIUM FLUORIDE
Female
Male
Concentration ippm)
175
100
25
0
175
25
HX)
0

TABLE III -

Rats --"t3

Number
Oral cavity,
Squamous hyperplasia
Squamous papilloma
Squamous carcinoma
Squamous papilloma
or carcinoma
Thyroid, follicular-cell
Hyperplasia
Adenoma
Carcinoma
Adenoma or carcinoma
Uterus.
Stromal polyp
Stromal sarcoma
Bone,
Osteosarcoma_
Mice.

/-

80

80

50

51
1(2%)
1 (2%)

0'

1 (2%)

2(3%)

0

1(1%)
1(1%)

1(2%)
1 (2%)

0
1(2%)
1 (2%)
2(4%)
1(2%)
1(2%)
0
1 (2%)

80
1 (1%)

2 (3%)
1(1%)

3 (4%)
1(1%)
3(4%)
1(1%)
4 (5%)'-

1 (1%)
1 (1%)

2 (3%)
2 (3%)
12 (15%)

I a%)

,3(4%

0

50

50

D9'61

81

I (2%)

1(1%)
1 (1%)
2(2%)
3(4%)

I (2%)
1 (2%)
2 (4%)
3 (6%)

4 (5%)
1(1%)
1 (1%)
2 (2%)

4 (8%)

6 (12%)

2 (2%)3
(1%)

0

0

0

0
1 (2%)
0
1 (2%)

0

1 (2%-)

I (2%)

80
50
52
80
51
80
50
79
Number
24 (30%)
13 (26%)
16 (2o%),
8 (/5%)
3 (4%)
8 (16%)
1 (2%)
5 (6%)
Hematopoietic system,
malignant lymphoma
or histiocytic sarcoma
Liver, hepatocellular
34 (43%)6
23(46%)
28 (54%)
49 (61%)°
53(66%)
30 (59%)
34 (68%)
50 (63%)
Adenoma
12 (15%)
8 (16%)
11(21%)
14 (18%)
15 (/9%)6
13 (25%)
15 (30%)
25 (32%)6
Carcinoma
2(3%)
0
3 (4%)
0
_1 (2%)
1 (Z%)
1 (2%)
0
,Hepatoblastoma;"
,
1(1%)
0
0
- 00
0
0
Hepatoc
_
carcinoma _
43 (54%)
26 (52%)
33 (63%)
55 (69%)
37 (73%) 61(76%)
39 (78%)
62 (78%)
Combined hePatos
cellular neoplasm
Bone
0"
1(1%)
os
Osteosarcoma
0
1(1%)
Osteoma
animals. One age-matched control animal
t Orie squamous-cell carcinoma occurred in a separate control group of 45 male rats. This group provided age-matched2 control
Not significant. One follicular-cell carcinoma was

was killed in each week that a death occurred among the dosed animals. to allow for an evaluation of skeletal changes.found in a male rat in the 175 ppm group of 10 additional animals killed for evaluation at 66 weeks. If all study animals (interim sacrifice, age-matched controls, and base
study animals) are included in the statistical analysis, the logistic regression p value for the trend is 0.027.- 3 p < 0.01 Vs. controls.-Significant dose-resposne trend. p =
0.027. One extra-skeletal osteosarcoma occurred in the Subcutaneous tissue of a fourth rat in the 175-ppm group.- 5 Significant dose-response trend. p = 0.023.-'Significant
negative trend or painvise comparison. p < 0.05.-'0ne hepatocholangiocarcinoma was found in an age-matched control animal-'One osteosarcoma was observed in a male
mouse in the 25-ppm group killed for evaluation at 66 weeks.- 9 An osteosarcoma was diagnosed in the lung of a female mouse in the 25-ppm group. No skeletal site of origin
was found,

animal in the 175 ppm group which was killed at the end of the
study. One extra-skeletal osteosarcoma occurred in the subcutaneous tissue of a 4th rat in the 175 ppm group. Examination
of radiographs of this animal failed to reveal a primary site of
origin in bone for this tumor. Thus, it was considered to have
developed as a soft-tissue sarcoma that subsequently ossified,
and was therefore not combined with the primary bone tumors
for analysis.
n ‘,
The osteosarcomas of bone occurred with a statistically significant dose-response trend (Table III); a pairwise comparison
of the incidence in the top dose with that in the control group
was not significant (p = 0.099). The incidence in the top-dose
group (3.75%) was significantly increased when compared
with the historical rate of 0.5% (10/2106) in control male rats
in previous feed or water studies (NTP, 1991). However, one
of the groups of control male rats in the NTP historical control
database had 3 osteosarcomas in a group of 50 animals (6%)
and another had 2 (4%), higher incidences than were observed
in the 175-ppm dose group in the current study (3/80. 3.75%).
Several factors limit the usefulness of comparisons of the
incidences of osteosarcomas and other tumors in this study
with those found in the historical control groups. With regard
to the bone tumors, there was a more extensive examination of
bones in this compared with prior studies. An additional factor

affecting the interpretation of bone and all other tumor rates is
that the diet used in this study had a lower fluoride content than
that in earlier studies. In fact. Rao and Knapka (1987) have
reported that levels of fluoride in typical rodent diet were such
that control groups for previous studies may have routinely
been exposed to amounts of fluoride somewhat higher than thefluoride available through diet and water given to the 25-ppm
sodium fluoride dose group. This forces greater reliance on
within-study comparisons of dosed and control groups in interpretation of the results.
As shown in Table II. fluoride was found to accumulate to
a similar extent in the bones of male and female rats and male
and female mice. There were no osteosarcomas observed in
female rats. yet female rats receiving 175 ppm sodium fluoride
had the clearest evidence of fluoride-induced osteosclerosis,
suggesting a stimulatory or mitogenic effect on osteoblasts
(Farley et al.. 1983; Marie and Hott, 1986) was occurring in
these animals. There was no increase in osteosarcomas in
dosed male or female mice (Table HI).
The majority of experimentally-induced bone tumors in rats
in prior studies have been found in long bones, not in the
vertebrae, as in this study. These were identified following
induction by administration of radioactive isotopes of elements
that accumulate in bone, or of other chemical carcinogens, and
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a quantitative and/or qualitative difference in response between
the sexes has not been noted (Litvinov and Soloviev. 1973).
However, with the single chemical previously studied by the
NTP which induced a clear increase in osteosarcomas in rats
(NCI. 1978), the response was seen in males and not in females.
No published studies were found which have directly assessed the genotoxic potential of sodium fluoride to osteoblasts, but sodium fluoride has been found positive in assays
for gene-mutation induction in mammalian cells and in Drosophila (Crcspi et al.. 1990; Cole et al., 1986; Caspary et al.,
1987: Mitchell and Gerdes. 1973). It is positive in some plant
and animal systems for the induction of chromosomal aberrations (Aardema et al., 1989; Albanese. 1987: Scott and Roberts, 1987; Gala! and Abd-Alla, 1976), and it is positive in in
vitro assays for morphologic transformation of Syrian hamster
ovary cells (Tsutsui et al., 1984: Jones et al., 1988; Lasne et
al., 1988). Other investigators have failed to find evidence of
genotoxic effects of fluorides in some of these same test systems, and the significance of many of the positive findings
remains a point of contention.
The current findings are weakly supportive of an association
between sodium fluoride administration and the occurrence of
osteosarcomas in male rats. but are not conclusive. Previous

carcinogenicity studies of sodium fluoride in animals have
been reviewed and were considered to be inadequate to allow
an evaluation to be made (IARC, 1982, 1987). Maurer et al.
(1990) have reported that no carcinogenic effects were noted in
Sprague Dawley rats given diets containing sufficient sodium
fluoride to result in daily doses of up to 25 mg/kg, a dose 2- to
3-fold higher than the average highest estimated dose for rats in
the current study.
Concentrations of bone fluoride as high or higher (from
4,000 ppm to as high as 13.000 ppm) than those found in the
animals receiving the top concentration of fluoride in this study
have been reported in humans who have lived iri areas with
higher than the recommended concentrations of fluoride in
drinking water, or who have taken sodium fluoride for osteoporosis (Zipkin et al., 1958; Bovin et al., 1988). Although the
collective results of this study do not suggest a significant
carcinogenic potential for sodium fluoride, in view of the widespread exposure of the population to fluorides from a variety of
sources it would appear prudent to re-examine previous animal
and human epidemiologic studies, and perform further studies
as needed to evaluate more fully any possible association between exposure to fluorides and the occurrence of osteosarcomas of bone.
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General Comments

2

DR. BUCHERr Well, ' We had -- we did the

3

aerological analyses on our sentinel animals

4

throughout the study and found no indication of any

5

disease state-at all in our animals.

6

• So, I don't --- I'don't know enough about the

7

virus that has been described in the Proctor and

8

Gamble study to indicate to you whether it was

9

included in our program or not.

10
11
12
13

DR. GALLO: I'd like . to just table that one
for now.
Doctor Tennant who was the expert in that
area, I don't even know if he is in the room, with

14

. a crowd like this, it's kind of tough to see, but

15

I'll try and call him ati.unch and we can answer

16

that question.

17
18
19
20

.7 DR. GALLO: Thank you.
I Doctor Lee, thank you very much.
The next speaker is Doctor Melvin Reuber from
the Safewater Foundation; Delaware-Ohio.
. "1

21

Doctor Reuber? •

22

(Doctor Reuber comes to podium.)

23
24
25

; DR. REUBER: Thank You, Doctor, ladies and
gentlemen.
I would like to comment about some of the rare

1
2
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tumors that occurred in these studies.
The neoplasms of the..liver that have been

4

called hepatoblastomas,cand,

5

hepatocholangiocarcinomasSby-others, are, by

6

whatever name you call.them,"rare and unusual

7

tumors. A.

8
9
10

•

"10;

I first described this lesion or tumor in mice
in Doctor Hissen's laboratory at the National
Cancer Institute with a-viable • yellow g.

11

The diagnosis that I used and the areas that

12

were agreed with was party differentiation of

13

cholangiocarcinomas.

14
15

The lesion was rare..j We observed it in -- the

first time in ten mice out of thousands and
thousands of mice of many different strains.

17

Later, it was published -- I published this in

18

the Journal of the National Cancer Institute in

19

1967.

20

•

_Later, the same lesion was reviewed and

21

published as hepatoblastoma, but as I said it

22

really doesn't make any difference what you call

23

it.

24
25

I suggested that since Doctor Hissen was
taking one section of one tumor per mouse, that

001-

,-)7/ce in

tie Aq-p)
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2

if he would take more sections we might find more

3

tumors.

4

And as soon as he started taking a section

5

from every liver tumor, the number that we found

6

went way up.

7

However, it was still confined to -- to mice

8

with the probably -- the yellow -- they may occur

9

but I have never seen them in other strains or in

10

11
12
13

this strain.
I think -- you know -- it's safe to say that
I've seen more of these than anybody in the world.
And secondly the osteogenic sarcomas of the

14

bone, it's another rare neoplasm, has been pointed

15

out; you can find metastases for microscopic

. 16
17
18
19
20
21
22
23

tumors.
And there was metastasis from a tumor that was
not observed grossly.
'I've even seen metastatic osteogenic sarcomas
when there was a microscopic primary in the tail.
Much has been made about the preneoplastic
lesions of the bone.
In the working groups of -- pathology working

24

groups of view, they pointed out that the

25

osteosclerosis is seen in studies in which animals
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were given radioisotopes and was indeed
considered preneoplastic.
So, I -- I -- from my point of view the
ostesclerosis might well be preneoplastic.
- The fibrous osteodystrophy is dismissed
because of the chronic renal disease. However,
animals with these lesions have parathyroid
hyperplasia, and if there were parathyroid
10

hyperplasia described, I've missed it.

11

As far as the squamous cell carcinomas, the

12

squamous epithelium of the oral mucosa and other

13

organs, I think dysplasia is a precancerous lesion

14

and that it's important to distinguish between

15

dysplasia and degeneration.

16

To make this argument stronger, there were

17

squamous cell carcinomas of the zymbolus gland,

18

capillary angiomas to the skin and nasal cavity.

19

In my experience with diethylnitrosomines

20

nasal cavity carcinomas are often microscopic, and

21

again, it's a matter of looking for them.

22

Another target organ is the kidney, and I

23

think that these lesions in the kidney have not

24

been adequately analyzed, because the controls get

25

mild lesions and the treated animals get severe

1
2
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lesions.

3

Then, if I may comment on the striking

4

discrepancies in the diagnoses between the study

5

pathologists and the experimental pathology

6

laboratory.

7
8
9

Liver adenomas in mice and rats were
downgraded from adenomas to foci.
Apparently, based on nothing more than how

10

much compression there was. If you take a second

11

section someplace else you will probably find

12

compression.

13

Also adrenal corticoneoplasms were changed

14

from -- to hyperplasias, adrenal metathane

15

neoplasms were changed to hyperplasia.

16

Dentine dysplasia was changed to degeneration.

17

I just -- I -- I could have expected some

18

disagreements like this twenty (20) years ago, but

19

I think that -- that today we should have

20

progressed beyond that point.

21

There are a lot of comments that I'd like to

22

make about the -- that are -- that are made in the

23

final draft report about the osteogenic sarcomas.

24

However, I -- I don't think I have the time.

25

I would just say that I can't remark or

Poorly Differentiated Cholangiocarcinornas
Occurring "Spontaneously" in C3H and
C3H X Y Hybrid Mice

MELVIN D. REUBER, Laboratory .of Biology, National Cancer
Institute,' Bethesda, Maryland 20014

SUMMARY—Poorly differentiated cholangiocarcinomas of the liver
occurred "spontaneously" in eight C3H and C3H X Y hybrid mice. They
were observed in female, male, and castrated male mice. Histologically,
the cells of the carcinomas were spindle shaped with oval nuclei and were
separated by collagen in some areas. Focally the cells were columnar
with pseudostratified nuclei and appeared to form acini.—J Nat Cancer lnst
38: 901-907, 1967.

A HIGH PERCENTAGE of C3H mice develop
hyperplastic lesions and solitary, well-differentiated
hepatocellular carcinomas (1-7). The incidence
and number of hyperplastic lesions and carcinomas
are increased in (C3H X W I mice, an increase
due primarily to the introduction of the lethal
yellow gene (6-8). The hybrid mice not only
have more hepatocellular carcinomas but also
more poorly differentiated carcinomas (9). In
addition, poorly differentiated cholangiocarcinomas
have been observed in the hybrids. This report
describes the histopathology of eight "spontaneous"
cholangiocarcinomas

hepatic tumors. Tissue was obtained from only
some animals for histologic identification or verification. When multiple tumors occurred in the
same liver, usually tissue from only one was used.
Sections of lung and other organs were taken only
when lesions were noted grossly. Sections of
tumor were stained with periodic acid-Schiff
(PAS) for mucin and glycogen, with Masson
trichrome for connective tissue, and the methenamine silver technique for reticulum.
The number, strain, sex, and age of animals with
cholangiocarcinomas are given in table I. More
males than females had tumors. There were

HISTORY

also 2 castrated males with tumors. Most animals
were yellow, but 2 males were agouti.

These cholangiocarcinomas were found by

W. E. Heston and G. Vlahakis in some of their
experiments on hepatic and mammary tumors (8).
The animals, except for one group, had been fed
NCI pellets (6). That group had been given
Purina Laboratory Chow. Most of the males and
a large percentage of the females developed

GROSS FINDINGS

The tumors were grayish white and had hemorrhagic cysts varying from a few mm to 10 mm.
I Received August 29, 1966; revised January 11, 1967.
2 National Institutes of Health, Public Health Service,
U.S. Department of Health, Education, and Welfare.
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TABLE 1.—Summary

Strain or
hybrid

(C3H X Y)F1 ..

Animals Total
with
anicholangio- male
carcinomas

2

of findings in animals with cholangiocarcinomas of the liver
Size
(cm)

Number

Remarks

1.1 X 1.4

He 27094

Possible primary gallbladder,
small cysts

Left

1.2

He 25824

Large cysts

Lobe of
Age
liver
(months)

Color

Sex

Yellow

9

18

Median

Yellow

9

23

196

(C3H x -rF..•

1

423

Yellow

d,

14

Left

1.1

He 28315

Large cysts

C3HfC

1

69

Agouti

cl%

14

Right
lower

1.2

He 26179

Not cystic

C3H113

1

4

Agouti

d'

17

Median

0.6

He 28491

Not cystic

(C3H X Y)Fa*..

1

16

Yellow

cr

16

1

0.9

He 25548

Small cysts

d'

16

1.0

He 25317

Large cysts

2

97

Yellow

Median

(C311 X Y)F1) t. .

Yellow

d'

17

?

0.8

He 25375

Not cystic

• Olven Purina Laboratory Chow.

fCastra ad at 1 month of age

There were large cysts in 3 and smaller cysts in
2 tumors. Cysts were not observed in 3 rumors.
The carcinomas varied from 8-14 mm. The
largest was at the site of the gallbladder and
appeared to have replaced the gallbladder.
The external surface was bile stained. The tumor
was serially sectioned for histologic examination.

were lined up around spaces or vessels (figs. 5 and
6). They sometimes appeared to form acini
(fig. 7). Mucin was not seen in the cytoplasm of
the cells or in the acini. Gallbladder mucosa was
not identified in the serial sections of the carcinoma that appeared to be in the gallbladder.

Several tumors were surrounded by connective
and granulation tissue. Macrophages containing
lipid, ceroid, and hemosiderin, and foci of calcification were noted in the connective tissue.
These changes were most conspicuous in the
tumor that appeared to have arisen in the gallbladder. The cysts were filled with red blood cells.
The architecture of the carcinomas varied from
less differentiated (fig. 1) to better differentiated
(fig. 5). Cells grew in sheets and were spindle
shaped with oval nuclei of varying sizes (figs.
2 and 3). There were no nucleoli. Mitotic
figures were occasionally found (fig. 5). Focally
the cells were separated by collagen (demonstrated by the trichrome method) that was denser
in some tumors than in others (fig. 4). Reticulum
was not observed. In some better differentiated
areas, columnar cells with pseudostratified nuclei

preceded by •

REFERENCES
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MICROSCOPIC FINDINGS
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The carci:
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be forming
ducts; there
differentiatec
One carcir.
gallbladder a
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Hyperplastic lesions and well-differentiated hepatocellular carcinomas were in the livers of the animals with cholangiocarcinomas (10). There was
proliferation of small bile ducts, but no cirrhosis of
the liver.
In the median lobe of the liver in the animal with
a possible gallbladder carcinoma there was coagulation necrosis of hepatic parenchymal cells diffusely around central veins.
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Metastases were not observed, although luugs
were sectioned histologically only when gross lesions
were observed.
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Previously cholangiocarcinomas were not described
as occurring "spontaneously." Perhaps poorly differentiated cholangiocarcinomas of the liver have
occurred in mice and have been mistaken for
sarcomas or metastases. A larger number of
eholangiocarcinomas might have been observed if
more tumors had been examined histologically.3
The carcinomas described here consist of cells
that have not become completely differentiated.
The cells of these carcinomas have all the characteristics of bile-duct cells and also have connective
tissue ("desmoplastic" reaction). They appear to
be forming bile ducts, but can form only crude
ducts; therefore, they are designated as poorly
differentiated cholangiocarcinomas.
One carcinoma was. found in the location of the
gallbladder and probably was a primary carcinoma
of the gallbladder. The mucosa of the gallbladder
is the same as that in the intrahepatic bile ducts.
Poorly differentiated cholangiocarcinomas in the
gallbladder should be similar histologically to those
in the liver.
Well-differentiated and poorly differentiated
cholangiocarcinomas have been described in rats
given carcinogens (13, 14). Their development is
preceded by cholangiofibrosis (14).
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the second study. Only the following unverified pathology findings were
reported: (1) one osteosarcoma in the occipital bone of one low-dose male
rat; (2) one osueoma in the vertebra of a male control mouse; (3) one
subcutaneous osteosarcoma in one female high-dose mouse: and (4) no
osteosarcomas were found in female rats (male mice were not mentioned).
A study sponsored by Proctor and Gamble examined the carcinogenic
potential of sodium fluoride administered in feed to Sprague-Dawley rats
(Maurer et al. 1990). One group of controls was fed laboratory chow, and
another control group was fed a semisynthetic low-fluoride diet. The control
group fed the low-fluoride diet received 0.14 (males) or 0.18*(females) mg
fluoride/kg/day as sodium fluoride. The fluoride level in the laboratory chow
was not determined. Treatment groups ingested 1.8, 4.5, or 11.3 mg
fluoride/kg/day in the diet as sodium fluoride. Fluoride bioavailability was
not determined and water fluoride levels were not reported. However, the high
dose (11.4 mg fluoride/kg/day) was probably close to the MID, since there was
a 30% decrease in body weight gains of both sexes. The study was terminated
early because of high mortality in all treatment and control groups. The
cause of the elevated level of mortality was not determined. Fluoride-related
toxicity was observed in the teeth, stomach, and bones.
Evidence of fluoride toxicity in the Maurer et ar. study included doserelated hyperostoses in males and females, tooth abnormalities, and stomach
inflammation. Fluoride levels in the bone ash of the high-dose males and
females were 16,761 and 14,438 ppm, respectively. Primary tumors in target
tissues as reported by the study authors 'were one fibroblastic sarcoma with
areas of osteoid formation in a high-dose male,- one osteosarcoma in a low-dose
-female:, one chordoma in a mid-dose male, one chondroma each in a mid-dose male
and a low-dose female, one odontoma in a laboratory-chow control, and one
stomach papilloma in a low-fluoride control. Re=examination of tissue slide3,
as-part of a review of the study by the Carcinogenicity Assessment;Committee,
Center for Drug Evaluation and Research, Food and Drug Administration
(CAC/CDER/FDA) revealid an additional osteosarcoma in a low-dose female and
one osteos-arcoma in a high-dose male. Statistical analysis of the incidence
of bone tumors found no dose-response relationship (CDER 1991).
Several limitations of the study were not apparent in the study report,
but were noted in the CAC review (CDER 1991). The low-fluoride diet may not
have allowed normal growth and development, since pale livers and gastric
hairballs were observed in all study animals except those fed laboratory chow.
The diet and water were often above specifications for minerals, ions, and
vitamins. A virus was found during the pretest period and its continued
presence during the study was suspected; this may have compromised the health
of the animals. The finding of bone tumnrs missed by the Contract laboratory
- raised questions about the adequacy of the examination at gross necropsy.
Finally, bone sections from only 50%- . 80% of the mid- and low-dose animals were
analyzed microscopically. The CAC review concluded that there are "flaws and
uncertainties in the studies that keep them from providing strongly reassuring
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Two-Year Carcinogenicity Study of Sodium
Fluoride in Rats
James K. Maurer,* Michael C. Cheng, Byron G. Boysen,
Robert L. Anderson

To determine the carcinogenic potential of sodium fluoride
(NaF), we fed Sprague-Dawley rats a diet containing NaF for
up to 99 weeks. Rats receiving NaF at a dose of 4, 10, or 25
mg/kg per day added to a low-fluoride diet were compared
with controls receiving either a low-fluoride diet or laboratory chow. Each treatment group consisted of 70 rats of each
sex. A 30% decrement in weight gain occurred at an NaF dose
of 25 mg/kg per day. Evidence of fluoride toxicity was seen in
the teeth, bones, and stomach, and the incidence and severity
of these changes were related to the dose of NaF and the
duration of exposure. Despite clear evidence of toxicity, NaF
did not alter the incidence of preneoplastic and neoplastic
lesions at any site in rats of either sex. Results from this study
indicate that NaF is not carcinogenic in Sprague-Dawley rats.
[J Natl Cancer lust 82:1118-1126, 1990]
The finding that fluoridation of drinking water has resulted in a
significant reduction in dental caries is well established (1-4).
Ingestion of I m2 of fluoride per day has been shown to reduce
dental caries, and doses up to 4 mg/day have resulted in no
adverse health effects (5.6). However, fluoride ingestion in
excess of 2 mg/day by children has been associated with dental
fluorosis (mottled teeth) (7-9). A dose of 8 mg/day for an
extended time has been associated with osteosclerosis (10-12),
and ingestion of 20 mg/day for 10-20 years has been associated
with crippling skeletal fluorosis (13) due to hypermineralization
of the bone.
Although fluoride at high doses has been shown to be toxic to
humans, 36 epidemiology studies have indicated that fluoride
ingestion is not associated with increased cancer risk in humans
(14-17). The one epidemiology study claiming an association
between fluoride and cancer incidence in humans (18) has been
largely dismissed on the basis of the failure to appropriately adjust
the data for covariables (14).
1118

Collectively, these studies demonstrate that fluoride does not
pose a risk for increased cancer incidence in humans.
The National Toxicology Program has sponsored two sodium
fluoride carcinogenicity studies. Groups of Fischer 344 rats and
B6C3F 1 mice received 0, 25, 100, and 175 ppm of sodium
fluoride (NaF) in their drinking water. To our knowledge, a small
number of bone tumors were observed only in treated male rats.
As of this writing, the reports for these studies have not been
finalized and an official scientific position has not been rendered.
The present report describes the results of a carcinogenicity
study conducted in rats and reveals that doses of NaF up to 25
mg/kg of body weight per day for up to 99 weeks do not alter ::te
incidence of neoplasia at any site in rats of either sex.

Materials and Methods
Animals
Albino Sprague-Dawley rats [Crl:CD(SD)BR], obtained from
Charles River, Inc. (Wilmington, MA). were housed individually
in suspended stainless-steel cages with screen bottoms. Liners in
the collecting pans beneath the cages were changed twice weekly.
and the rats were transferred to clean cages at least every 2 weeks.
The environment was controlled for temperature (range, 72 °F

Received March 30. 1990; revised April 13. 1990: accepted April 16. 1990.
1. K. Maurer. M. C. Cheng. The Procter and Gamble Co., Cincinnati. Oh.
B. G. Boysen. Hazleton Laboratories America. Inc.. Madison, Wis.
Present address: R. L. Anderson, 1004A Celestial St.. Cincinnati, OH. =5:02We thank Brent Boynten. Anne Mosher, and Donna Waddell for their technical
assistance: Rich Allendorf for his assistance in preparing the photomicrographs:
and Carl Alden and Jon Seymour for advice in the preparation of this manuscript.
*Correspondence to: James K. Maurer. D.V.M.. Ph.D.. The Procter and
Gamble Co., Miami Valley Laboratories. PO Box 398707. Cincinnati. OH
45239-8707.
Journal of the National Cancer Institute

i • cto

Vly L

Table 1. Composition of the low-fluoride diet*
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Study Design

Ingredient

Amount
(g/kg)

Casein
ca.-Methionine
Cornstarch
Dextrose
Corn oil
Nonnutr i tive fiber (cellulose)
Miner: mixt
Vitam in mixt
Calcium carbonate
Ethoxyqu in (antioxidant)

241.4
3.0
458.5
150.0
50.0
50.0
35.0
10.0
2.1
0.01

•

•The low-fluoride diet was designed especially for this study to meet all
nutrient requirements of the laboratory rat established by the National
Research Council.
t See reference 44.
Teklad Test Diets (Madison. WI).

3°F) and humidity (range, 50% ± 20%), and there was a 12-hour
light-dark cycle. Animal husbandry and housing complied with
standards outlined in the Guide for the Care and Use of Laboratory Animals (19).
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Diets and Treatments
During a I9-day acclimation period, rats were fed either Purina
Certified Rodent Chow (laboratory chow) or a low-fluoride
control diet (table 1). At approximately 6 weeks of age, the rats
were distributed into treatment and control groups. with 70 rats of
each sex in each group (table 2). Treatment groups were fed a
low-fluoride diet to which NaF was added at a dose of 4,10. or 25
mg/kg per day. NaF (>99% pure) was obtained from J. T. Baker
Chemical Co. (Phillipsburg, NJ). An NaF dose of 4 mg/kg per
day represents 55 times the amount of fluoride ingested by the
average adult. Control rats received either the low-fluoride
control diet or laboratory chow.
Wt adjusted the amount of NaF added to the low-fluoride diet
weekly for the first 26 weeks and every 4 weeks thereafter to keep
the daily fluoride intake constant. Each preparation of the lowfluoride diet containing added fluoride was analyzed for fluoride
content. Diet consumption records confirmed that target doses
were met throughout the study. The dose of NaF provided by each
diet is presented in table 2. Diet and water (partially demineralized by reverse osmosis and sterilized by ultraviolet light) were
provided ad libitum.

The study was designed to continue for 24 months or until
survival for a single group of males or a single group of females
was 20% or less. When this survival rate was reached, all groups
of that sex were killed-at 95 weeks for males and 99 weeks for
females. The study design included killing of rats at 26 and 53
weeks for assessment of fluoride toxicity. At 26 weeks, sufficient
rats were killed to retain 60 rats of each sex in each group in the
study; at 53 weeks, 10 rats of each sex in each group were killed.
Measurements
Hematology, clinical chemistry, and urinalysis tests were
conducted on rats killed accordin g to the study schedule. Blood
and urine were collected from all rats killed at 26 and 53 weeks
and from 10 rats of each sex in each treatment group killed at 95
and 99 weeks. Urine was collected overnight after the rats were
placed in metabolism cages with access to water but not diet.
After the rats were killed, a terminal body weight was obtained,
and adrenals, right femur, brain, heart, kidneys. liver, stomach,
ovaries, pituitary, spleen, testes with epididymides, and thyroids
with parathyroids were weighed.
We used 10% buffered neutral Formalin to preserve all gross
lesions and a broad sampling of tissues from rats that were killed
according to study design, died, or were killed when they became
moribund: The following bone specimens were collected: femurs, cervical vertebrae, skulls, and mandibles. Tissues were
routinely trimmed, processed, sectioned, and stained with hematoxylin and eosin.
Bones and teeth examined microscopically included: cranium,
femur. premaxillae with incisors, maxillae with first molars, and
mandible with incisor and first molar. We performed microscopic
examination of all tissues from rats on the low-fluoride control
diet and from rats receiving NaF at a dose of 25 mg/kg per day that
were killed at 26 and 53 weeks. In addition. we microscopically
examined stomach, bones, and teeth from rats given NaF at 10
mg/kg per day and killed at 26 weeks and from rats g iven 4 or 10
mg/kg per day and killed at 53 weeks. For the groups of males
killed at 95 weeks and the groups of females killed at 99 weeks,
all tissues from 10 randomly selected rats of each sex in each
treatment group given the low-fluoride diet, laboratory chow, or
an NaF dose of 25 mg/kg per day were examined microscopically. The following tissues from all rats given the low-fluoride
diet or an NaF dose of 25 mg/kg per day were examined
microscopically: stomach, liver, kidneys, cranium, femur, incisors. adrenals, brain, heart, lun g s, ovaries, uterus, pancreas,

Table 2. Study design
Group

1
2
3
4
5

Diet*

Planned NaF dose
(mg/kg per day)

Low-fluoride
Laboratory chowt
Low-fluoride
Low-fluoride
Low-fluoride

4
10
25

NaF ingested (mg/kg per day)
Males

Females

0.3 ± 0.05
ND
4.0 ± 0.05
10.0 ± 0.11
24.8 ± 0.33

0.4 ± 0.07
ND
4.0 ± 0.05
10.0 ± 0.11
24.9 ± 0.31

Rats of
each sex
70
70
70
70
70

* Composition of low-fluoride diet is shown in table 1.
.t Purina Certified Rodent Chow. ND = not determined.
Vo l. 82, No. 13, July 4, 1990
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pituitary, prostate, seminal vesicles, spleen, urinary bladder,
testes, epididymides, thyroids, parathyroids, and spinal cord.
Because treatment-related bone thickening in the cranium had
been seen at necropsy, the cranium from each of five rats of each
sex from the laboratory-chow group was also examined microscopically.
Samples or diets and samples of bone (radius and ulna) and
urine from animals killed at 95 and 99 weeks were analyzed for
fluoride levels. For all fluoride analyses of diet, bone, and urine,
we used an ion-specific fluoride electrode on a digital voltmeter
reading to 0.1 mV. The electrode, NaF standard solutions,
reference electrode solutions, and buffer to adjust total ionic
strength were obtained from Orion Research, Inc. (Cambridge,
MA). Bone fluoride was measured after bones were ashed in a
muffle furnace at 550 °C overnight.
Statistical Analyses
Analysis of variance was used for statistical evaluation. Provided that the value from Bartlett's test of homogeneity of
variance was not significant, treated groups were compared with
the low-fluoride control group by the least significant difference
criterion (20) . The laboratory-chow controls were compared with
low-fluoride controls by Student's t-test. For survival analysis,
the generalized Kruskal-Wallis test was used (21) .
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Results
The last surviving males in each group were killed at 95 weeks,
and the last suriving females in each group were killed at 99
weeks, because survival was 20% or less in the males receiving
NaF at a dose of 4 me/kg per day and in the females in the
low-fluoride control group at these times. The low-fluoride
control rats and the rats _g iven NaF at 4 or 10 mg/kg per day gained
more weight than the rats fed the laboratory chow and those
ingesting NaF at 25 mg/kg per day (fig. 1). The reduced weight
gain associated with the dose of 25 mg/kg per day was manifested
early in the study; comparison with the low-fluoride controls
showed a decrement in weight gain of approximately 30% at this
dose of NaF. This decrement was largely attributable to reduced
diet consumption (fie. 2), but for the males, this fluoride dose was
also associated with reduced efficiency of conversion of ingested
diet to body weight (feed efficiency) durin g the first year.

Controls fed laboratory chow gained significantly less weight
than controls fed the low-fluoride diet (fig. I) while consuming
significantly more diet (fig. 2). Although rats ingesting NaF at a
dose of 25 mg/kg per day had an approximately 30% decrement in
weight gain and an early decrement in feed efficiency, this dose
did not adversely affect survival in either sex (fig. 3). At 4 and 10
mg/kg per day, females but not males had longer survival than
female or male low-fluoride controls, respectively (fig. 3).
There were several statistically significant differences in clinical pathology parameters between rats fed the low-fluoride diet
and rats given NaF at 4, 10, or 25 mg/kg per day. At 25 mg/kg
per day, the blood glucose and specific gravity of urine were
moderately lower in both sexes, and total protein and globulin
were mildly to moderately lower in males. Reference intervals
for these variables are quite broad in older rats. The mean values
for rats given 25 me/kg per day were within the expected ranges
for control rats of similar age (R. L. Hall; Veterinary Clinical
1120
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Figure 1. Effect of dietary NaF level on body weight in rats given a dose of 0 (*)•
4 ( a). 10 (0). or 25 ( 0 ) mg/kg per day in a low-fluoride diet. Control group
consumed commercial laboratory chow (+) without added NaF. Values = mean
weight gain for surviving males at each dose (A) and surviving females at each
dose (B). Sig. = curves showing statistically significant differences from values
for the low fluoride controls (P < .05).

Pathologist, Hazleton Laboratories America, Inc.: personal communication). Other differences between rats fed the low-fluoride
diet and those given NaF were small and were not consistent
over time.
Except for stomach and femur, which will be discussed,
statistically significant differences in absolute and relative organ
wei ghts were inconsistent across the various times when rats were
killed and/or were secondary to changes in body weight.
Macroscopically and microscopically, clear evidence of fluoride toxicity was seen in the teeth, bones, and stomach (tables 3
and 4). The incidence and severity of these changes were related
to dose and duration of the test. Neoplasms were not related to
fluoride treatment because they were of singular occurrence, of
similar incidence across groups, or not related to dose. Specific
attention to target tissues revealed absence of tumorigenic influence of fluoride (table 5), even at high doses (=4 mg/kg per day)
causing significant toxicity.
The incidence of fluoride-related dental changes was increased
in rats given NaF doses of 4 mg/kg per day or more (table 3)Incisors were thickened, white, and often pitted. Microscopically, nonneoplastic ameloblastic dysplasia, fractured or malformed incisors, and enamel hypoplasia were observed. AmeloJournal of the National Cancer Institute
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Figure 2: Diet consumption in rats given NaF at a dose of 0 (*)• 4 ( a ), 10 (0), or
25 (0 ) me/kg per day in a low-fluoride diet. Control group consumed commercial laboratory chow (+) without added NaF. Values = mean for diet consumption for surviving males at each dose (A) and surviving females at each dose (B).
Sig. = curves showing statistically significant differences from values for the
low-fluoride controls (P ( .05).

Figure 3. Effect of NaF ingestion on survival in rats given NaF at a dose of 0 (*),
4 ( a), 10 (o), or 25 (0) mg/kg per day. Control group consumed commercial
laboratory chow (+) without added NaF. Values = % survival for 50 males at
each dose (A) and 50 females at each dose (B). Sig. = curves showing statistically
si gnificant differences from values for the low-fluoride controls (P < .05).

Table 3. Nonneoplastic fluoride-related microscopic changes of tooth and stomach in rats*
Females by group

Males by group
Change
2

1
T_ooth.(incisor),
NO-e. karn
- ined
No. with change
Ameloblastic
dysplasia
,1-Tracture and/or,
malformation,
Stomach
No. examined
No. with change
Mononuclear cell
infiltration
Chronic
inflammation in
glandular region
Regeneration in
glandular region
Hyperkeratosis
and acanthosis

69

49

0

0

e_A_(3.75)

---6 ,(3.67)

4

3
68

70

8(3.25)

50 (3.26)

69 (3.87)

,71.3.57)

15(3.73)

38.c.,(3.79)

5 (2.80)

35 (2.91)

68 (3.49)

56

2

70

47

0

0

<_4_,(4.00)

._3...,(3.67)

4

3

5

50

70

70

11 (2.73)

32 (3.13)

68 (3.93)

7 (3.86)

,,,15(3.67)

28 (3.75)

1(3.00)

17 (3.18)

63 (3.38)

57

66

69

0

70

70

43

34 (2.68)

49 (2.84)

12 (2.42)

5(2.40)

13 (2.46)

36 (2.69)

43 (2.74)

6 (2.50)

24 (2.88)

40 (3.03)

7 (2.43)

1(2.00)

15 (2.87)

36 (2.81)

46 (3.11)

1(3.00)

5 (2.60)

18 (2.83)

1(4.00)

0

2 (2.50)

7 (3.29)

21(2.90)

13 (3.00)

24 (2.63)

46 (2.96)

18 (3.17)

14 (2.71)

39 (2.77)

40 (2.83)

0

68

47

54

64

8(2.13)

10 (2.40)

13 (2.31)

4 (3.25)

6 (2.50)

2 (2.00)

0
6 (2.83)

1

0

0

11 (2.73)

5

4 (3.00)

.*Treatments for the five groups are shown in table 2. Values in parentheses = mean severity of change. Severity of change was graded as follows: 1 =
m inimal, 2 = mild, 3 = moderate, 4 = marked, and 5 = severe.
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Table 4. Nonneoplastic fluoride-related microscopic changes of bone in rats: Subperiosteal hyperostosis*. .
Females by group

Males by group
Type of bone
2

1

Femur
No. examined
No. with change
Cervical vertebra
No. examined
No. with change
Premaxilla
No. examined
No. with change
Maxilla
No. examined
No. with change
Mandible
No. examined
No. with change
Cranium
• No. examined
No. with change
Other
No. examined
No. with change

4

3

1

5

2

3

4

5

69

46

0

0

50
0

50
0

70
7 (3.14)

70
0

40
0

44
0

50
0

70
4 (2.75)

70

46

49

0

0

0

48
1(2.00)

70
11 (3.27)

68
0

40
0

44
0

48
0

70
15 (2.93)

69

49

56

0

0

0

68
3(3.00)

70
29 (3.55)

69
0

46
0

50
0

70
1(3.00)

70
16 (2.88)

69

49

0

0

56
1(2.00)

68
I I (3.18)

70
38 (3.47)

69
0

46
0

50
0

70
6 (2.67)

70.
23 (3.00)

69
0

49
0

56
0

67
16 (2.93)

70
42 (3.02)

69
0

47
0

50
0

69
9 (2.78)

70
33 (3.03)

32
30 (3.60)

67
60 (4.00)

59
1(2.00)

15
14 (2.57)

69
51 (3.53)

8
3 (3.33)

22
21 (3.48)

6
2(2.00)

17
14 (3.14)

64
7 (2.93)
3
0

6
1(2.00)

7
5 (2.80)

5
0

3
0

2
0

•

6
0

1
1(2.00)

2
0

0

*Treatments for the five groups are shown in table 2. Values in parentheses = mean severity of change. Severity of change was graded as follows: I =
minimal, 2 = mild, 3 = moderate, 4 = marked, and 5 = severe.

Table S. Incidence of primary tumors in target tissues*

Females by group

Males by group
Change
2

3

4

5
70

2

3

4

70

49

52

70

5

Bone
No. examined
No. with change

70

51

58

70

Sarcoma t
Osteosarcoma
ChordomaChondroma
Tooth (incisor)
No. examined

0
0
0
0

0
0

0
0

0

1

0

0

0
0

0
0

0

0

0

0

1
I

0
0

0
0

0
0

70
0

51
t

58
0

70
0

70
0

70
0

49
0

52
0

70

0

0

68

47

54

64

70

70

43

57

66

I

0

0

0

0

0

0

0

69
0
-.

No. with odontoma

Stomach
No. examined
No. with papilloma

0.

0"

c'-----

1

0
0
0
70

*Treatments for the five groups are shown in table 2.
t Fibroblastic, with areas of osteoid formation.

blastic dysplasia was characterized by flattening of the
ameloblastic layer, herniation of ameloblasts into the enamel, and
inclusions of enamel in the ameloblastic layer (fig. 4). Enamel
hypoplasia was characterized by basophilic staining and irregularly formed and incompletely mineralized enamel, with or
without striations. These changes were observed in rats killed at
26,53,95, and 99 weeks. Upper incisors were affected more than
lower incisors, and the incidence and severity of these changes
increased as the dose of NaF and the time in the study increased.
The only treatment-related effect associated with the molars was

1122

the occurrence of basophilic granules, which were also associated
with the incisors. Basophilic granules (fig. 5) have previously
been reported to be due to calcium fluoride crystal formation
during routine decalcification as part of the processing of
tissue for microscopic examination (22).
The incidence of fluoride-related osseous changes, which were
more obvious in the skull, was increased in rats receivin g NaF
doses of 10 mg/kg per day or more, compared with that in controls
(table 4). The incidence and severity of these changes increased
as the dose of NaF and the time in the study increased. Macro Journal of the National Cancer Institute

(2.75),,

(2.93)

(2.88)

3.00)

3.03)
Figure 4. a. Enamel organ from rat given low-fluoride control diet, demonstrating normal ameloblasts (arrow) as columnar epithelium. The absence of enamel is
a processing artifact. (Hematoxylin-eosin, original magnification x100.)
b. Enamel organ from rat given NaF dose of 25 mg/kg per day, demonstrating
moderate ameloblastic dysplasia. The thickness and surface of the ameloblastic
layer (A) is uneven and the enamel (B) is formed irregularly. (Hematoxylin-eosin,
original magnification x100.) c. Enamel organ from rat given NaF dose of 25
mg/kg per day, demonstrating severe ameloblastic dysplasia. Ameloblasts are
absent, the remaining stratum intermedium is severely flattened and has an
irregular surface, and the enamel is formed irregularly. The space between the
enamel and stratum intermedium is a processing artifact. (Hematoxylin-eosin,
original magnification x 100.)

3.53)

3.14)

5

scopically, affected bones were white and thick, with roughened
surfaces. Microscopically, we observed subperiosteal hyperostoses that were bilaterally symmetrical. Subperiosteal hyperostosis was characterized by diffuse, irregular deposition of mature
lamellar bone in subperiosteal regions and resulted in excessively
thic.. cortices (fig. 6). Bone marrow cavities did not form in the
new bone. The volume of marrow cavity in the skull and femur

70

C

70
0
59

:d

n.

•-

Figure 5. Tooth from rat
given NaF dose of 25 mg/
kg per day, demonstrating
basophilic granules in
dentin (A) and enamel (B)
Of incisor. (Hematoxylineosin. original magnification x 100.)
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did not appear to chan ge, suggesting that little, if any, new bone
was deposited on endosteal surfaces. Increased absolute and
relative femur weights, especially at NaF doses of 25 mg/kg per
day, were noted especially in samples from rats killed at 26 and 53
weeks. Basophilic granules were observed microscopically in all
groups given NaF.
Macroscopically, the nonglandular portion of the stomach was
thickened in rats given NaF doses of 10 mg/kg per day or more
that were killed at 26, 95, and 99 weeks. This chan ge was
microscopically characterized as mild hyperkeratosis and acanthosis (table 3). Differences in the occurrence of these changes in
rats killed at 53 weeks and in those that died or were killed when
they became moribund were not as distinct between treated and
control groups. Of the rats that died or were killed when they
became moribund, males and females given NaF doses of 10
mg/kg per day or more had thickening of the glandular portion of
the stomach. Microscopically, chronic inflammation of the gastric glandular mucosa was increased in incidence and severity in
these groups compared with controls, for rats killed at 53, 95, and
99 weeks. The inflammatory reaction was found primarily in the
deep mucosa and submucosa and was characterized by scattered
accumulations of eosinophils and mononuclear cells, increased
collagen, and loss of glandular epithelium (fig. 7). Often, there
were accompanying multifocal mononuclear cell accumulations
and regeneration of the glandular epithelium. These changes were
associated with increased absolute and relative stomach weights
in rats given NaF doses of 10 mg/kg per day or more, compared
with controls, especially in those killed at 26 and 53 weeks.
ARTICLES 1123.

Figure 6. A. Cranium from
rat given the low-fluoride control diet. The cranial cap is
composed of normal lamellar
bone with a small medullary
cavity. (Hematoxylin-eosin,
original magnification x6.25.)
B. Cranium from rat given
NaF dose of 25 mg/kg per day,
demonstrating severe subperiosteal hyperostosis. (Hematoxylin-eosin, original magnification x 6. 25.)

Levels of fluoride in the urine and bone (fig. 8) were increased
as the level of NaF in the diet increased. Urinary fluoride
concentration was a linear function of the in gested dose, regardless of whether the fluoride was endogenous to the diet or added
as NaF. Fluoride endo g enous to the low-fluoride diet yielded a
proportionately lower level of fluoride in bone than the added
NaF.

Figure 7. Glandular region of stomach from rat
given NaF dose of 10 mg/
kg per day. demonstrating
moderately severe chronic
inflammation. (Hematcixylin-eosin, original magnification x25.)

Discussion
For a carcinogenicity bioassay to be considered valid, the
maximum tolerated dose must be closely approached or exceeded. One definition for the maximum tolerated dose is at least
a 10% decrement in wei ght gain and evidence of nonlethal
toxicity (23). In this study, there was a decrement in weight gzin
of approximately 30% at an NaF dose of 25 mg/kg per day. as
well as nonlethal toxicity associated with the teeth at doses of 4
mg/kg per day or more and with bone and stomach at doses of 10
mg/kg per day or more. Thus, our study meets these criteria for a
carcinogenicity bioassay to ascertain the carcinogenic potential of
NaF.
The ingestion of NaF at a dose of 25 m g/kg per day was
associated with decreased plasma glucose level and decreased
specific gravity of urine in both sexes and decreased plasma
g lobulins in male rats. These changes probably reflect the
decreased diet consumption associated with this dose of NaF (fig.
2), and perhaps the decreased specific gravity of urine is associated with increased water consumption. The lack of an effect of
these changes on survival (fig. 3) indicates that the small changes
in these parameters did not significantly affect the general health
of the rats of either sex. The proportionality between fluoride
concentrations in urine and bone and the in gested dose (fig. 8)
demonstrates that, in the dose range studied, the absorption,
tissue accumulation, and urinary excretion of fluoride vary in
proportion to the amount ingested. The data for the fluoride
concentrations in bone suggest that a greater portion of the
fluoride from supplemental NaF was deposited than was deposited from the fluoride endogenous to the low-fluoride diet. This
difference in fluoride deposition in bone likely reflects a more
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Figure 8. Fluoride concentrations in urine and bone ash (radius and ulna) as a
function of NaF dose in male (X) and female (s) rats determined after 22 mo of
exposure. Values = mean SEN1 for 10 bone samples and 10 urine samples. y =
linear regression fit. r = linear regression coefficient.

rapid absorption of fluoride from NaF, resulting in higher plasma
fluoride concentrations, since the urinary fluoride results indicate
that a constant proportion of the ingested fluoride was absorbed.
The higher levels of fluoride in both the bones and urine of males
compared with those in females reflect the greater relative diet
consumption of males (fig. 2).
Fluoride levels in bone were 30-fold higher in rats ingesting
NaF doses of 25 mg/kg per day than in those on the low-fluoride
die'. (fig. 8). Doses of 10 and 25 mg/kg per day resulted in bone
levels of fluoride greater than 8 mg/g of ash; these doses were
clearly toxic to bone. Fluoride levels in human bone (femur) as
high as 10.8 mg/g of ash have been reported with no evidence of
tissue damage (13). In our study, doses of NaF up to 25 mg/kg per
day did not alter the incidences of dental and osseous neoplasms,
which were very low in all groups. All bone neoplasms were
considered to be incidental and spontaneous and not related to
fluoride treatment, because of their low incidence and random
distribution.
Morphological changes in the teeth, bones, and stomach have
pr eviously been reported to result from very high levels of
fluoride (24-34). Our work demonstrates that NaF ingestion had
p roduced the expected morphological changes in the teeih.
Vol. 82, No. 13, July 4, 1990

bones, and stomach at 53 weeks and that these changes increased
in incidence and severity with increased dose and time of
exposure to NaF.
Macroscopic and microscopic changes have been previously
reported in the teeth of rats and other species given excessive
fluoride (24-32). In the present study, the incidence and severity
of these changes increased in a dose-dependent manner at NaF
doses of 4 mg/kg per day or more. Ameloblastic dysplasia was a
degenerative change considered to be associated with irritation.
Despite observance of these changes at 26 weeks and continuation of NaF ingestion for an additional 70 weeks, no indication of
preneoplastic change was found: the ameloblastic layer of cells
was underdeveloped, individual cells were not unusual, and there
were no dental tumors.
Macrosopic and microscopic changes have previously been
reported in the bones of rats and other species given fluoride
(24,26,28,29). In the present study, the incidence and severity of
subperiosteal hyperostosis increased at NaF doses of 10 mg/kg
per day or more, especially in association with bones of the head.
Subperiosteal hyperostosis has been previously described in
cattle given excessive fluoride (28,29). Bone tumors were not
reported in these studies.
Mild, chronic inflammation of the glandular mucosa has been
found to occur sporadically in aged rats (35-37), and it has been
reported that fluoride can cause desquamation of the superficial
layers of the gastric glandular mucosa in rats (33,34). In the
present study, the incidence of chronic gastritis was NaF-dose
dependent. The changes tended to be more obvious in the deeper
portions of the glandular mucosa and in the submucosa. Additionally, mild hyperkeratosis and acanthosis were associated with the
nonglandular portion of the affected stomachs. Despite this
chronic toxicity, no increase in stomach neoplasms was associated with long-term ingestion of fluoride.
In previous studies, fluoride has been shown to cause physiological and morphological changes in rat kidneys (38-43).
Changes in specific gravity of urine occurred in rats given NaF
doses of 25 mg/kg per day in this study, su g gesting a potential
loss of urine-concentratin g capacity. However, specific morphological effects of fluoride on the kidney could not be distinguished
from chronic progressive nephropathy. Also, the incidence and
severity of chronic progressive nephropathy in rats given 25
mg/kg per day were not significantly different from those in
controls. This finding mitigates against kidney injury as the cause
of the change in specific gravity.

Conclusions
In the present work, the doses of NaF ingested induced the
expected gastric toxic effects and bone and dental fluorosis.
These effects were noted at 26 weeks and at 53 weeks and
increased with NaF dose and time of exposure. Despite this
evidence of chronic fluoride toxicity, there was no evidence that
fluoride altered the incidence of preneoplastic and neoplastic
lesions at the sites of fluoride toxicity or at any other site in rats of
either sex.
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Health Effects of Ingested Fluoride

TABLE 7-1 Studies of Fluoride Carcinogenicityin Animari
Results
Sex /Species Route
Dose
Study
10 mg/kg Negative
Tannenbaum and Female mice Diet
Silverstone, 1949
Negative
0.4-10
Female mice Drinking
Taylor, 1954
mg/L
water
1-5 rng/L Accelerated
Mice'
Drinking
Taylor and
growth of
water
TE-iylor, 1965'
mammary
gland
Negative
Drinking
10 mg/L
Male and
Kanisawa and
Schroeder, 1969 female mice water
Equivocal
25, 100,
Male rats
Drinking
.-IsITP-shxdy2
water
175 mg/L increase in
(Bucher et al.,
osteosarcomas
1991)
Negative
25, 100,
Female rats, Drinking
NT? stUd
and male and water
175 mg/L
(Bucher et al.
1991)
female mice
4, 10, 2.5
Negative
Diet
P&G study
Male and
mg/kg
(Maurer et al.,
female rats
1990)
Observation of
4, 10, 25
Male and
Diet
P&G study
osteomas
mg/kg
female mice
(Maurer et al.,
in press)
'Sex not specified.
resulted in a 10-40% reduction in body weight without a reduction in
caloric intake. Mice on the fluoride diets also drank notably more water
than did controls. There was a marked reduction in the incidence of
spontaneous mammary tumors: after 100 weeks on the diet, 20 of 50
exposed mice developed mammary tumors as compared with 37 of 50
controls. (The subcommittee felt that the reduction in mammary neoplasms in the exposed mice was probably related to reduced body weight
rather than to a true protective effect of fluoride.) The authors also
evaluated the tumor-promoting effects of fluoride by administering
sodium fluoride in the diets of mice after subcutaneous injection of 0.15
mg of benzopyrene. After 52 weeks, 13 of 40 fluoride-exposed mice
developed sarcomas, as compared with 7 of 40 controls. In contrast,
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Effect of Sodium Fluoride on Tumor Growth. (30150)
ALFRED :TAYLOR AND NELL CARMICHAEL TAYLOR
Clayton Foundation Biochemical Institute, University of Texas, .4 ustin

Recently a report(1) from this laboratory
indicated that NaBr in relatively low concentrations accelerated the growth of mouse
and egg cultivated tumor tissue. This result
occurred when the drug was introduced by
way of the drinking water in mice, by injection over the embryonic membranes of eggs
inoculated with tumor tissue, and when added
to tumor tissue suspensions before implantation into eggs or mice. Preliminary tests
with NaI and NaF gave evidence that low
levels of these halides also accelerated tumor
growth.
An extensive investigation of the effect
of NaF on growth of mouse and egg cultivated tumor tissue has now been completed.
Materials and methods. Mice of the DBA
strain implanted with RC mammary adenocarcinoma were used in the mouse experiments. Tumor suspensions for transplantatidn were made by adding 0.4 ml dispersed
tumor tissue to 5.0 ml of 0.85% saline, and
0.2 ml of this suspension was injected subdermally in the right inguinal area. NaF
was introduced into the mouse-tumor system
in 3 different ways.
In one series of tests the compound was
added to the tumor tissue suspension prior
to inoculation into the mice. Concentrations
of the drug were at the levels, 0.000,01-0.005
mg and 0.4-0.8 mg per mouse injection. The
controls received the untreated tumor suspension. Control and experimental tumor suspensions were taken from a common pool of
tumor-saline preparation.
In another series, NaF was added to the
drinking water of the experimental animals
immediately after they were inoculated with

tumor tissue. Concentrations of the drug
varied. In most of these tests, 1-5 mg of
NaF per liter of distilled water was utilized.
Controls were maintained on untreated distilled water.
A third series involved subdermal injet.
lions of NaF into mice bearing tumor transplants. In these tests, 0.25 mg of the compound dissolved in 0.25 ml of saline was
injected subdermally on 4 consecutive days.
beginning 4 days after tumor implantation
The tests were terminated one day after the
final treatment.
In all the mouse experiments, the animals
were sacrificed 8 to 10 days after tumor implantation, at which time the tumor tissue
was removed and weighed. The results of
a test were evaluated on the basis of the
average weight of tumor tissue per mouse
in the experimental as compared with the
control animals.
A C3H mouse mammary tumor which
grows readily in eggs by the yolk sac method
(2) was utilized in the egg work. The techniques involved have been described(2,3).
Tumor tissue suspensions were made up of
0.4 ml dispersed tissue in 5.0 ml of 0.85;
saline, and 0.2 ml of this suspension
injected into the yolk sacs of 4-day incubated embryonated eggs.
Two types of tests were utilized in the
experiments with eggs. In one series, Nal:
was added to tumor suspensions before inoculation into eggs. Concentrations of the druc
were used at the levels, 0.000,01-0.000_5 rri
and 0.1-0.8 mg per egg injection. The con
tiols received the untreated tumor suspen:
sions. Tumor preparations for control an
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7A1 4 1 .E I. Nat' Added to Tumor Suspensions Be
• .re Implantation and (ro,Vtlt of Tumor Trans
plants in Mice.
No. mice
Cont rot Exp
9
8
9
11
9
9
6
8
7
8
10
10
10
9
9

1
_

3

4
.5
6
7
S
9
m
II
l'..!
1:1
14

15
intal No.
mice
132

7
5
8
11
6
9
5
8
8
5
9
7
10
9
8

Dosage,
Tumor wt,
mg/.2 ml
injection control = 100
125
139
125
106
118
140
141
163
96
113
126
103
124
144
126

.000,01
.000,01
.000,1
.000,1
.000,1
.000,1
.000,5
.000,5
.000,5
.000,5
.001
.001
.002,5
.005
.005

115

Control avg tumor wt (g) 1.29: S.D. -4- .441.
F:sp avg tumor wt (g) 1.63; S.D..±Significance of difference in avg tumor wt, P

rxperimental groups were taken from a common pool of tumor-saline suspension.
In another series, NaF was introduced
into tumor-bearing eggs over the chick mem: , ranes. A level of 0.05-0.1 mg of the drug
in 0.1 ml saline was injected into each egg.
The controls were treated with saline. The
TA TILE 1 F. Subdermal Injections of .25 mg NaP
-,Ircii on 4 Consecutive Days and Growth of Tumor
Transplants in Mice.

Control

Exp

Tumor wt,
control = 100

6
7
5
5
9
10
9
10
10
12
11
11
15
10
9

5
6
3
5
6
7
9
8
8
10
9
11
14
8
8

125
145
157
119
133
159
121
103
105
112
125
125
120
107
121

4:11 Nn. mice 139

117

i

3
4
5
6
7
s
9
In
11
13
14

15

'

TABLE III. NaF Added to Drinking Water and
.
Growth of Tumor Transplants in Mice.
No. mice
Exp

Control

1
17
2
12
10
3
20
4
5
8
6
9
8
7
9
8
9
10
7
10
11
10
8
12
5
13
18
14
15
10
16
16
9
17
18
7
19
10
Total No.
mice
203

Exp
14
11
7
19
8
9
6
7
10
6
10
6
7
17
8
13
10
7
9

Dosage,
nig/1

Tumor wt,
control = 100

1
1
°
2
02
2

117
113
129
113
161
113
103
161
132
117
118
101
106
113
136
89
100
114
123

n

2
2
2
5
5
20
20
20
44
55
55

184

avg tumor wt (g) .97: S.D. -4- .360.
avg tumor wt (g) 1.11; S.D. 73 8 .
Significance of difference in avg tumor wt, P =
<.013.
Control

No. mice
Exp

membrane injection technique has been described ( 4 ).
The egg tests were terminated on the 13th
day of incubation. The results were evaluated on the basis of the average weight of
tumor tissue in experimental as compared
with control eggs.
In all the experiments, both with mice
and those involving embryonated eggs, every
effort was made to randomize as much as
possible all proceedings.

rol a vg tumor wt (g) 1.2 1 1; S.li.

.533.

v g tumor wt (g) 1.45: S.D.
s' Ign ificance of difference in avg tumor wt, P =

Exp

A total of 54 tests involving 991 animals
was completed with mice bearing tumor transplants, and 58 tests including 1817 eggs were
carried out with tumor-bearing eggs. Statistical significance, or P, was obtained by
dividing the difference in tumor size for
control and experimental tumors of a series
by the standard error of the difference.
Results. The results of the various tests
are summarized in Tables Tumor
growth was accelerated in association with
NaF, at the concentrations and with the
methods of introduction in tumor-bearing
mice and eggs, as given in Tables I-V. The
degree of growth stimulation was quite simi-
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TABLE IV. NaF Added to Tumor Suspensions

(.0nn.()1-. 11011 .5 nig per Injection) Before Inoculation niol Growth of Tumor Tissue in Eggs.
No. eggs
Exp

Control

Exp

1

10
18
16

10
16
15

n

3
4

5
6
7
8
9
10
11

14

11

15
22
14
14
10
19

18
16
12
16

12

12

16

13

10

14
15
16
17
18
19
20
21
22
23
Total No. eggs

10
10
14
8
.13
16
17
11
13
10
312

11

12
9
12
7
8
10
12
11
8
15
12
11
12
7
271

Tumor wt,
control = 100

N

119
164
144
21)0
71
106
133
160
113
107
127
100
118
158
103
107
160
102
126
123
180
181
132

Control avg tumor wt (g) .37; S.D. 4- .186.
.211.
Exp avg tumor wt (g) .46; S.D.
Significance of difference in avg tumor wt, P =

<.0o1.
lar in tumors grown in mice as compared with
tumors cultivated in eggs. In the 3 series
of experiments with mice, accelerations of
tumor growth averaged 126, 121 and 114%
of the control, while in the 2 series of egg
experiments, the per cent increase in tumor
size was 124 and 121. The difference . in
average tumor size between control and experimental groups was statistically significant in each of these series of experiments,
and in combination this significance is greatly
increased.
When the drug was added to tumor suspensions before implantation in mice or eggs
at the relatively high levels of 0.4-0.8 mg
per mouse, or 0.1-0.8 mg per egg, tumor
growth was markedly inhibited.
Discussion. The data appear to establish
the association of NaF with acceleration of
the growth of tumor transplants in mice and
embryonated eggs, at concentrations and
under the conditions described here. It has
been reported(1) that NaBr likewise has a

stimulating effect on tumor growth when
administered to tumor-bearing mice or eggs,
under conditions similar to the present tests.
NaBr is effective at higher levels of concentration as compared with NaF. Concentrations of NaF, as low as 0.000,01 mg per
mouse injection, when added to tumor suspensions before implantation in mice, accelerated tumor growth, while levels in the range
0.000,1-0.000,01 mg/injection of NaBr did
not affect tumor growth.
In experiments where the compound was
added to the drinking water, wide variations
TABLE V. NaF Given as a Single Injection of
.05-.1 mg over Chick Ientlinuice and Growth of

Tumor Tissue in Eggs.
No. eggs
Control

Exp

28
1
2
12
26
3
4
19
5
24
6
16
25
7
23
8
17
9
22
10
11
24
12
20
39
13
14
20
15
24
16
21
21
17
12
18
Total No. eggs 393

Exp
23
10
27
15
16
14
23
23
24
19
24
20
39
23
16
19
15
10
360

Tumor n-t,
control = 100
130
103
143
147
148
146
119
143
144
113
164
106
114
110
123
108
143
136

Control avg tumor wt (g) .23; S.D. 4- .138.
Exp avg tumor wt (g) .28; S.D. 4- .162.
Significance of difference in avg tumor wt, P =
<.003.
TABLE VI. Tumor Inhibiting Effect of Relatively
High Concentrations of Nal.' Added to Tumor Suspensions Before Implantation in Mice.
No. mice
Exit

Control

8
2
13
3
11
9
4
5
9
Total No.
mice
50

Exp
8
12
12
9
10

Dosage,
ing/.2 ml
Tumor wt.
injection control = 100
.4
.5
.5

.8
.8

51

Control avg tumor wt (g) 1.99.
Exp avg tumor wt (g) .24.

8
18
29
2
8

CATECHOLAMINE HITERGLYCEMIA IN ADRENALECTOMIZED RATS
TABLE VIE. Tumor Inhihitinv EtTea of Rolativdy High Concentrations of Nat' Ailed to Tumor Suspensions Before Implantation into Eggs.
No. of
No. eggs
experiments Control Exp
63

4

4
3

.59
fij

Totals:
17

37
79

35
83

24-0

241

Dosage,
mg/.2 ml
Tumor wt,
injection control = 100
.1
.0

.4

70
51
42
6

Control avg tumor wt (g) .39.
Exp avg tumor wt (g) .14.

in dosage increased tumor growth in the instance of both NaF and NaBr. It was re-_
cently reported(5) that the plasma fluoride
is regulated in rats. This probably accounts
for the similarity of tumor growth acceleration when NaBr is given over a range of
1 to 1,000 mg per liter, and NaF in concentrations of 1 to 55 mg per liter.
Unpublished results of tests with Nal indi-
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cate that this halide also stimulates tumor
growth when added to tumor suspensions
before implantation in eggs or mice at low
levels, 0.000,1-0.001 mg per mouse or egg.
Summary. In 54 tests involving 991 mice
bearing transplanted tumors and 58 tests including 1817 tumor-bearing eggs, data were
obtained which indicated a statistically significant acceleration of tumor tissue growth
in association with comparatively low levels
of NaF.
I. Taylor, A., Taylor, N. C., Cancer Research,
1964, v24, 751.
2. Taylor, A., Carmichael, N., Norris, T., ibid., 1948,
v8, 264.
3. Taylor, A., Univ. Texas Publication, 1953, n3314,
13.
4. -, ibid., 1953, n5314, 27.
5. Singer, L., Armstrong, W. D., Proc. Soc. Exp.
Biol. and Med., 1964, v117, 686.
Received February 9, 1965. P.S.E.B.M., 1965, vI19.

Effect of Adrenalectomy on Hyperglycemic Responses of Fed and
Fasted Rats to Catecholamines. • (30151)
ALEXANDER

D. KENNY AND WILLIAM IV. FLEMING (Introduced by D. T. Watts)

Department of Pharmacology, West Virginia University Medical Center, Morgantown

The hyperglycemic response to epinephrine
has been difficult to fit into the classification
of adrenergic receptors proposed by Ahlquist
(1,2). The problem has been considerably
resolved, at least in the case of the rat, by
evidence that liver glycogenolysis is mediated by an a-receptor and that muscle glycogenolysis is mediated by a ft-recepto.r(3-6).
Fleming and Kenny(7) have demonstrated
that in fed rats the hyperglycemic response
has the characteristics of an a-response and
in fasted rats of a )3-response. These investigators pointed out that a-responses are best
studied in the led rat using norepinephrine
• This investigation was supported by USPHS research grants AM-04276 and AM-06344 from Nat.
Inst. of Arthritis and Metab. Dis.; NB-03034 from
Nat. Inst. of Neurol. Dis. and Blindness; and training grant, STI-GNI-76, from Division of General
M edical Sciences, USPHS.

and a-responses in the fasted rat using isoproterenol.
Adrenalectomy causes changes in the effects
of epinephrine on carbohydrate metabolism
(8,9). In view of the new evidence concerning the importance of the prandial state of
rats and a greater understanding of the receptors involved in the hyperglycemic response, it was considered important to reevaluate the effect of adrenalectomy using
dose-response curves and both led and fasted

animals. .
illateri4ls and methods. Blood glucose experiments. Male Holtzman rats, from 6 to
8 weeks old, were maintained on a commercial laboratory diet throughout the study.
When the rats were fasted, food was withheld
during a period of from 16 to 20 hours before
the beginning of the experiment. All rats,
whether fed or fasted, were bled in the morn-
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Sodium fluoride promotes morphological transformation of Syrian
hamster embryo cells

Carol .A.Jones, Michael F.Callaham and
Eliezer Huberman
Biological. Environmental, and Medical Research Division. Argonne
National Laboratory, Argonne. IL 60439-4833, USA

Sequential treatment of Syrian hamster embryo (SHE) cells
with a chemical carcinogen followed by sodium fluoride (NaF)
resulted in a higher yield of morphologically transformed cell
colonies than treatment of the cells with carcinoger, alone.
For example, cells treated with benzo[cdpyrene (B[a]P; 3
Ag/m1) for 3 days, then with NaF (25 Agi nil) for 4 days,
exhibited a transformation frequency more than six times
greater than that obtained by summing the transformation
frequencies from cells treated with either B[a]P or NaF alone.
This enhancement/promotion of cell transformation by NaF
was only expressed after the cells had been pretreated with
either direct-acting carcinogens or procarcinogens. Pretreatment of the cells with noncarcinogens or weakly-acting carcinogens or administration of NaF prior to treatment with
the carcinogen failed to enhance the yield of transformation.
Transformation was enhanced even when the NaF treatment
was delayed for several days after the carcinogen treatment.
However, the continued presence of NaF was necessary for
maintenance of the increased level , of transformation.
Removal of NaF prior to termination of the assay resulted
in a reversal of the transformed clonal morphologies to a
normal phenotype such that the final yield of transformants
was decreased, but was still greater than that observed after
carcinogen treatment alone. A similar pattern for reversibility
of the transformation enhancement also occurs for the widely
recognized tumor promoter phorbol 12-myristate 13-acetate
(PMA). Seven different SHE cell pools were tested for sensitivity to NaF promotion following carcinogen treatment.
Although the response was heterogeneous, no carcinogentreated cell pool was refractory to the NaF-induced enhancement. A second fluorocompound, sodium monofluorophosphate (NaMFP), was also found to enhance carcinogeninduced cell transformation in a manner resembling that of
NaF.

of most US communities (1,2). As a result the level of human
exposure was significantly increased. However, it is as yet not
known whether this exposure to low levels of fluoride could over
the long term produce harmful effects, such as increases in the
incidence of cancer in the' population.
Tsutui and coworkers demonstrated that NaF causes neoplastic
transformation in Syrian hamster embryo (SHE) cells and induces
morphological transformation of these cells in the colony
transformation assay (3); we confirmed the latter finding in a 1-,
blind study (4). Many workers have reported the ability of NaF
to cause genetic damage (5-9), although fluoride itself does not
interact with DNA (10). However, other workers have found
no genetic damage associated with NaF exposure, particularly
at low levels (11 —15). Definitive mechanistic studies are needed
to resolve the constitutive carcinogenic potential of fluoride.
However, other mechanisms by which fluoride could influence
the process of cancer development, e.g. as a cocarcinogen or
tumor promoter, should also be investigated.
The low-level, long-term characteristics of human exposure
to fluoride are consistent with the conditions for promotion of
tumor development in mouse skin by some classes of chemicals
(e.g. phorbol diesters) (16,17). Furthermore, NaF like other
tumor promoters (17), can interfere with biochemical processes
controlling cellular growth and function (18). In particular, NaF
activates guanine nucleotide-binding proteins coupled to adenylate
cyclase or phospholipase C (19-23), causing translocation of
protein lcinase C to the cell membranes, a superoxide release and
protein phosphorylation (24-26). We used the SHE cell transformation assay to evaluate the potential promoting activity of
NaF compared to that of phorbol 12-myristate 13-acetate (PMA),
a tumor-promoting phorbol diester. This system has been widely
used to investigate the activity of carcinogens (27-31) and to
demonstrate the ability of chemicals such as PMA to promote
the transformation of carcinogen-treated cells (32 —35). We have
found that NaF, like PMA, can promote/enhance the frequency
of morphologically transformed cell clones previously initiated
with either procarcinogens or direct-acting agents.

Materials and methods
Chemicals

Introduction
Because fluoride occurs naturally in the environment, man has
always been exposed to low levels of this element. Recognition
of the efficacy of fluoride in the treatment of dental caries during
the 1940s led to the widespread addition of sodium fluoride
(NaF*) to oral hygiene products and to the drinking water supplies
*Abbreviations: NaF, sodium fluoride; NaMFP, sodium monofluorophosphate;
B1aJP. benzo(a)pyrene; B(e)P, benzo(elpyrene; BPDE. ( ) 7a,8a-dihydroxy9o. 1 0a-epoxy -7,8,9,10-tetrahydrobenzo[a]pyrene; DMBA, 7,12-dimethylbenz(a)anthracene; CPP, cyclopentafc,cf]pyrene; MNNG, N-methyl-AP -nitro-Nnitrosoguartidine; PMA, phorbol I2-myristate 13-acetate; SHE, Syrian hamster
embryo.

Sodium fluoride (NaF), benw(a)pyrene (13(a)P), 7,12-dimethylben4aJanthracene
(DMBA), N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) and pyrene were
obtained from the Radian Corporation, Austin, TX by arrangement with the
National Toxicology Program; sodium monofluorophosphate (NaMFP) was
purchased from Alfa Products, Danvers, MA; benzo(e)pyrene (13(ejP) was obtained
from Aldrich Chemical Co., Milwaukee, WI; ( ± ) 7a,8o-dihydroxy9a .10o-epoxy-7,8,9,10-tetrahydrobenzotalpyrene (BPDE) and cyclopentak,djpyrene (CPP) were obtained from the Chemical Repository, National Cancer
Institute, Eiethesda, MD. All chemicals were of the highest purity available. Fetal
bovine serum and trypsin (ENZAR-T) were purchased from Armour
Pharmaceutical Co., Phoenix, AZ; Dulbecco's modified Eagle's medium was
from Grand Island Biological Co., Grand Island, NY; tissue culture plasticware
was from Falcon Plastic Corp., Oxnard, CA. Sodium fluoride and NaMFP were
dissolved in phosphate buffered saline, MNNG in water (pH 5.0), BPDE in acetone
and the other chemicals in climethylsulfoxide. The final concentrations of solvents
in the medium did not exceed 0.5%.
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Transformation assay
Syrian hamsters in their second or third pregnancies (LVG, virus-free) were

MNNG or B[a]P. Untreated controls and solvent controls were cultured in parallel.
The experiments were terminated after 4 additional days of incubation. The cultures
were then washed in phosphate buffered saline, fixed with methanol, and stained
with 10% aq. Giemsa. The total numbers of colonies ( >50 cells/colony) were
used as measures of the toxicity of the treatments. The number of colonies per
dish whose morphology could be delineated as morphologically transformed (vk..
colonies with a criss-crossed and piled-up pattern of cell growth) were counted.
and the frequency of these colonies among the total population was determined
(27.29.30.36).

purchased from Charles River Breeding Labs. Wilmington. MA. Cryopreserved
stocks of fibroblast cells were prepared from pools of 13-day-old embryos obtained
from a single pregnant animal as described previously (29,30,36). Dulbecco's
modified Eagle's medium supplemented with 2 mM glutamine and 20% fetal
bovine serum was used for all cell preparations and assays. The cultures were
incubated at 37°C in an atmosphere of 10% CO 2 in air in humidified incubators.
The transformation assays were performed using cells recovered from the
cryopreserved stocks. Briefly. 24 h after seeding 6 x 104 X-irradiated (feeder)
cells in 2 ml of culture medium into 60-mm Patti dishes, we added 2 ml of culture
medium containing 300 nonirradiated (target) cells. The chemicals (B[a]P,
DMBA, CPP, pyrene. MNNG. NaF or NaMFP) were added 24 h later, and
the final volume of the culture medium was adjusted to 6 ml/dish (16 dishes per
treatment). Three days later the dishes were rinsed once with fresh medium and
the culture was re-fed with 6 ml of fresh culture medium containing NaF, NaMFP,

Results

Enhancement of carcinogen/initiator-induced morphological
transformation by NaF

30

B(a)P

•
NaF I

0
10

30

20

40

60

NaF (,.2g/mL)

Fig. 1.. Promotion of cell transformation by NaF in SHE cells pretreated
with B(o)P. The cloning efficiency of untreated cultures was 17 * L6%.
that for cultures treated on days 0-3 with Bla)13 (3 ag/m1) was 12 th
0.5%. The cloning efficiency of cultures treated with NaF (25 pg/m1) on
days 3-7 ( • -• ) was 15 * 0.6%; that for cultures pretreated with B[alP
followed by NaF (0-0) was 12 ± 0.6%. Data are averages from four
experiments * SEM.

NaF was tested in the SHE cell colony assay for its ability to
enhance the morphological transformation of B[a1P-treated
cells. In a two-stage protocol, the cells were treated for
3 days with B[a]P, then with NaF for 4 days, after which the
colonies were fixed, stained and examined. B[a]P treatment
during stage 1 of cells without any chemical treatment during
stage 2, resulted in a mean transformation frequency of 0.39
( ± 0.09 SEM, n = 10). Sodium fluoride treatment during stage
2 of cells without the B[a]P treatment during stage 1, produced
a dose dependent increase in transformation (Figure 1), as
observed previously (3,4). Treatment of the cells with B[a]P
followed by NaF resulted in significantly greater transformation
frequencies than did summation of the effects of B[a]P and NaF
administered singly (Figure 1). For example, the increase of
morphological transformation obtained after treatment of the cells
with B[a]P at 3 Ag/m1- (12 gM) followed by NaF at 25 pig/m1
(0.6 tnM) was approximately six times that obtained after single
treatments. The yields were typically 17- to 24-fold higher than
that obtained with use of B[a]P alone (Table I). Treatment of
the cells with BP followed by the highest dose of NaF (50 pg/m1)
resulted in a transformation frequency of 27%. This high transformation frequency indicates that the induction of morphological
transformation is not a readily saturated process. The lowest dose
of NaF that produced an enhancement was 10 Ag/ml. No pH
changes in the culture medium were observed durin g these chemical treatments. Similarly, as with known tumor promoters, NaF
caused no increase in the transformation frequency when administered prior to B[alP (Table 11). The most effective treatment
protocol involved simultaneous administration of B[alP and NaF
during stage 1 and again during stage 2; this procedure yielded
a high transformation response of 17.4% (Table 11). Under this
circumstance the action of fluoride can be considered not only
as a promoter but also as a cocarcinogen.
The enhancement of B[a]P-induced morphological transfor-

Table I. Promotion of B[a)P-induced cell transformation by NaP
Treatment
Stage 1
(0-3 days)

Stage 2
(3-7 days)

Relative cloning
efficiency
(%
SEM)

No. of
colonies
evaluated

No. of
transformed
colonies

Transformation
frequency (%)

NaF (10)°
NaF (25)
NaF (10)
NaF (25)
NaF (10)
NaF (25)

100
53
6.2
53
4.2
96 * 2.9
83 * 2.0
54
6.9
53
5.3
59 * 4.0
53 * 4.9

4448
1679
1843
2995
2155
1624
1962
1380
2077

0
6
9
1
19
6
143
10
181

<0.02
0.3
0.5
0.03
0.9
0.4
7.3 •
0.7
8.7

B[a)P (1)°
B(a)13 (3)

B[a]P (1)
B(a)P (1)
Bra)P (3)
B[a]P (3)

'Data pooled from 3-6 experiments. Control cloning efficiency = 13
°Numbers in parentheses are concentrations (jig/m1).
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2.6%.

NaF-induced transformation of SHE cells

Table H. Effect of sequence of treatment upon the induction of morphological transformation by BrajP and NaF
Treatment'
Stage 1
(0-3 days)

Stage 2
(3-7 days)

1:1(a)P
B(a)P
NaF
B(a)P
NaF
B(a)P + NaF
B(a)P + NaF

NaF
NaF
B[ajP
B[ajP + NaF
+

Relative cloning
efficiency

No. of
colonies
evaluated

No. of
transformed
colonies

100
49
55
100
104
59
51
51
57
45

759
368
414
757
787
442
380
391
432
298

0
1
6.
0
10
56
6
7
75
21

Transformation
frequency (%)

<0.1
0.3
1:5
<0.1
1.3
12.7
1.6
1.8
17.4
7.1

a B(a)13 . 3 # g/ml: NaF. 25 Ag/ml.
b Combined treatment continued for 7 days.

Table III. Promotion by NaF of 13[W-induced cell transformation in different preparations of embryo cells'
Treatment
Stage 1
(0-3 days)

Transformation frequency (%) in cell pools
Stage 2
(3-7 days)

A

-

<0.1
0.4
0.3
8.9

NaF

13(a)P
B(ajP

-

NaF

<0.1
0.7
0.8
6.1

<0.1
0.3
<0.3
4.8

<0.1
0.2
<0.6
1.9

<0.2
1.2
0.7
8.7

<0.1
0.2
0.9
11.5

<0.2
0.2
<0.4
3.5

'For each determination 400-1200 colonies were scored. The cloning efficiencies of untreated cells or cells treated with Na? ranged from 1 . 1 to 16%, and
B[a)P treatment reduced these frequencies to 4-12%. The concentrations of B[ajP and NaF were 3 and 25 Ag/ral respectively.

mation by NaF was not cell pool dependent. To date, of seven
preparations of hamster embryo cells tested, every cell pool has
been sensitive to NaF enhancement of chemically induced
transformation in the two-stage protocol (Table DI).
The capacity of NaF to enhance the frequency of morphologically transformed colonies was also evaluated by using a
number of additional polycyclic aromatic hydrocarbons, as well
as MNNG (Table IV). The frequency of transformation induced
by the carcinogen DMBA was increased 10- to 20-fold by NaF.
NaF produced a similar enhancement in the transformation
frequency induced by the direct-acting mutagens/carcinogens
MNNG and BPDE (Table IV). The noncarcinogen pyrene
and the weak or suspect carcinogens CPP and B[e]P did not
induce morphological transformation; following NaF exposure,
the frequencies of transformed colonies observed were only
1.5- to 3-fold greater than those observed wth NaF alone (Table
IV). The degree of these enhancements suggests that either these
compounds have a weak initiator activity in this system or activity
as cocarcinogens with fluoride.

Enhancement of B[aJP-induced morphological transformation
by NaMFP
A second fluorocompound that is added to toothpaste formulations, NaMFP, was also evaluated both singly and following
Waif' treatment, for its ability to increase the yield of morphological transformation. Sodium monofluorophosphate alone
induced morphological transformation with the same efficiecy
per mol as did NaF, suggesting that this action is due to the
fluoride ion (Table V). In the two-stage treatment protocol the
most effective concentration of NaMFP was 100 Ag/ral
(0.8 mM), which is similar to that observed for NaF (Tables I
and V). This concentration of NaMFP increased the yield of
morphological transformants about 10-fold.

Table IV. Promotion of morphological cell transformation by Na? in cells

pretreated with a variety of chemicals'
Treatment
Stage 1
(0-3 days)

Stage 2
(3-7 days)

B(a)P (3)b
B[a]P (3)
B(e)P (5)
B[e]P (5)
DMBA (I)
DMBA (1)
BPDE (0.1)
BPDE (0.1)
Pyrene (5)
Pyrene (5)
CPP (5)
CPP (5)
MNNG (0.8)
MNNG (0.8)

NaF
Na?
Na?
Na?
Na?
Na?
Na?
Na?

Relative cloning
efficiency (%)

100
85
54

38
77
77
54
53
88
88
78
85
69
54

62
46

Transformation
frequency (%)

<0.1
0.4
0.3
6.9
<0.2
0.6
0.6
10.9
0.2
4.0
<0.2
1.5

<0.2
1.2
0.3
5.1

'The concentration of Na? was 25 ag/ml. Cloning efficiency of untreated
controls was 13%. For each determination 300-600 colonies were
evaluated.
bNumbers in parentheses are concentrations (jag/m1).

Phenotypic stability of the morphologically transformed
colonies induced in the two-stage protocol by BlajP and
NaF
We investigated the effect on transformation enhancement of the
length of time between the end of stage 1 treatment of the cells
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Table V. Promotion of B(a1P-induced cell transformation by NaMFP'
Treatment
Stage 1
(0-3 days)

Stage 2
(3-7 days)

NaMFP
conc.
(Ag/m1)

Relative cloning
efficiency
(%
SEN1)

No. of
colonies
evaluated

No. of
transformed
colonies

Transformation
frequency (%)

50
100
50
100

53
109
70
66
70

1843
1830
1390
1120
1184

9
4
18
14
64

0.5
0.2
1.3
1.3
5.4

B[a]Pb

Bia)P
13(ajP

NaMFP
NaM FP
Nalv1FP
NaMFP

'Data pooled from 3-6 experiments. Control cloning efficiency = 13%.
bConcentration of B[a)1 3 = 3 pg/ml.

with B[c]P and the addition of NaF in stage 2. In this study the
cells were pretreated with B[a]P for 3 days, and 1-4 days were
allowed to elapse before the addition of NaF (Table VI). The
NaF, once added, was not removed until termination of the assay
In this series of experiments, treatment with B[a11 3 for 3 days
yielded an average transformation response of 0.3%. The degree
of enhancement of this transformation frequency by NaF was
inversely related to the time allowed to elapse between stage 1
and stage 2 treatments. When NaF was added on day 3 and left
for 4 days the final yield of transformed colonies was 21.3%.
When the addition of NaF was delayed for 1 or 2 days the yield
of transformed colonies was approximately 12%, and when NaF
was added 3 days after the B[a]P treatment the transformation
response was 8%. 'Although this enhancement is considerably
less than that obtained during a 4-day treatment period with NaF,
it is nevertheless approximately 7-fold higher than that obtained
by summation of the transformation frequencies produced by
single treatments with 13(aJP and NaF (Table VI).
- The ability of NaF to enhance the frequency of B[a]P-induced
morphological transformation was found to be highly reversible.
When NaF was removed from the cultures at least 24 h before
the colonies were fixed and stained, the enhancement of B[a]Pinduced transformation was less extensive (Table VII). A similar
reversible response was also observed for the tumor-promoting
agent PMA. Thus, although a small percentage of the colonies
initiated by B[a]I3 can irreversibly express the phenotype of the
transformed cell, for a greater number of initiated clones the
transformed phenotype is only expressed in the presence of NaF
or PMA. This transient expression is lost once these agents are
removed.
Discussion
Because we are constantly exposed to low levels of fluoride via
the diet, water and dental products, it is important to investigate
the risk to human health associated with this exposure. Fluoride
might increase the risk for cancer induction either by its own
inherent carcinogenic (DNA-damaging) activity or by its ability
somehow to increase/promote the carcinogenic effectiveness of
other agents. In this study we address the second issue. We have
used a cellular assay that has successfully identified some classes
of tumor-promoting agents (32-35), to determine whether
fluoride compounds might exhibit similar activities. We have
shown that two fluoride compounds, NaF and NaMFP, do closely
resemble the promoting agent PMA in their ability to enhance
the yield of morphologically transformed cell clones in SHE cell
cultures previously initiated with chemical carcinogens. Again,
like promoting agents, fluoride was not effective if administered
prior to the carcinogen, nor was an effective enhancement of
transformation observed when fluoride was administered after
2282

Table VI. Effect of treatment protocol upon NaF promotion of B[a)Pinduced transformation: delayed addition of NaF'
Duration of treatment
Days

0-3

3

_
_
—

NaF

4

5

7

>
>
>

NaF
NaF

—

B[c]P
B[alP
B[a)P
B[alP
B(a)P

6

NaF---->

NaF
NaF
NaF
NaF

>

Transformation
frequency (%)
2.8
1.3
0.5
0.7
<0.1
21.3
11.9
12.1
8.2
0.3

'B[a]P, 3 Aig/m1; NaF. 25 iig/ml. For each treatment 400-850 colonies
were evaluated. Cloning efficiency of untreated and NaF-treated cultures
was 17 ± 0.6%, and that of cultures treated with both B[a)13 and NaF was
9 ± 0.5%.

treatment with noncarcinogens. Finally, the sensitivity to
promotion was retained by the cell clones for some time after
carcinogen removal, because fluoride "administered 4 days after
carcinogen withdrawal was still capable of inducing a significant increase in the transformation yield. In this short-term assay
the promoter-inducible phenotype was highly reversible, because
constant exposure to fluoride was necessary to maintain this
elevated level of transformation. In all these respects the behavior
of NaF resembles that of PMA (33-35). In other in vitro studies
a threshold level of NaF (0.1-0.2 inM) appears to be required
for the induction of its effects (10,37). This threshold is consistent
with the minimally effective level of NaF (10 Ag/ml, 0.24 mM)
observed in the present study. It has been suggested that at this
level fluoride can cause a decrease in pH, which in turn induces
cytotoxicity. However, we did not observe any overt pH changes
during the NaF treatments. Moreover, cell growth and colonyforming ability were slightly improved by the presence of low
fluoride levels.
Recent reports have demonstrated that NaF activates guanine
nucleotide-binding proteins that cause increased hydrolysis of
phosphoinositides (20,23). This activation results in the formation of elevated levels of cellular diacylglycerol, a compound
whose function is mimicked by PMA (17). As with the action
of PMA, this action of NaF leads to activation of NADPH
oxidase, which in turn induces an oxygen burst (24,25), elevated
intracellular Ca levels, translocation of protein kinase C to
the cell membrane, and altered phosphorylation patterns of
-cellular proteins (23 —26). These events are believed to cause

NaF-induced transformation of SHE cells

Table VII. Influence of the duration of NaF exposure upon the promotion
of Bfa)P-induced morphological transformation'
Transformation
frequency (%)

Duration of treatment
Days

Stage I
0-3

Stage 2
3

4

5

NaF
NaF
----NaF ----] Medium
_
B[alP
B[aJP
Bra]P
B[aJP

NaF
NaF
NaF ---]

-

PMA - ]
PMA
PMA ---] Medium

B[a]P
B[a]P
B[aJP

PMA
PMA
PMA ---]

]
Medium

6

7

Medium
Medium

]
Medium

Medium

Medium

Medium

6.3
2.5
2.8
0.6

0.5
<0.2
]

-]
Medium

0.6
1.1
0.3
0.2
<0.2

4.8
3.9
0.8

'B[a]P, 3 A g/m1; NaF, 25 &g/ml: PMA. 0.5 pg/ml. Cultures were treated
with BM!' for 3 days. At day 3 the cultures were washed and fresh
medium was added, containing either NaF or PMA. These chemicals were
subsequently replaced by fresh medium after intervals of 1, 2, 3 or 4 days.
All cultures were stained on day 7. Cloning efficiencies were as follows:
1.5%; NaF or PMA alone. 19 * 2.4%. B[a]P
untreated'controls, 15
treatment reduced these cloning efficiencies to 10 * 1.8%. 400-1100
colonies were evaluated for each treatment.

alterations in the signal transduction pathways between the cell
membrane and nucleus that regulate the expression of genes
controlling cell proliferation and differentiation (38). Alterations
in these gene functions are associated with the induction of
neoplasia. The ras gene family encodes p21 proteins that are
guanine nucleotide-binding proteins (39). Activated (mutated) ras
genes are capable of causing cell transformation and have been
widely identified in tumors and transformed cell lines (40,41).
In addition researchers have demonstrated that ras genes can be
activated by chemical carcinogens (42) which in turn sensitizes
adenylate cyclase to stimulatory agents such as cholera toxin (43)
and presumably also to fluoride. This stimulation again leads to
a cascade of cellular events resulting in altered signal transduction
processes (38). One might speculate, therefore, that fluoride either
could act directly upon the constitutive p21 proteins or, after
carcinogen-induced . mu activation, could act in concert with the
activated ras gene to increase the development of cell transformation. Clearly, the control of cell differentiation involves
multiple molecular mechanisms that can be disrupted by agents
such as oncogene products, as well as by chemicals such as PMA
and fluoride. Careful comparative studies of the action of fluoride
might provide important insights into these controlling processes.
Further studies are warranted before the risk to human health
from the potential activity of fluoride itself as a tumor-promoting
agent can be evaluated. Epidemiological studies have indicated
that there is no increase in the hazard to human health from cancer
by fluoride exposure (44,45), and the maximal levels of fluoride
measured in plasma are considerably lower than the effective
levels used in this study. However, promoting agents are difficult
to demonstrate epidemiologically. Furthermore, cell thresholds
can vary considerably. Therefore, attention must be given to
.determining the most likely target organ/cells. Fluoride can only

pass into mammalian cells in a nonionized form, as hydrogen
fluoride. Therefore, environments with a lower pH such as the
stomach will favor this uptake. Some reports claim that, in
communities where the levels of fluoride consumption are very
high, the incidence of stomach cancer is also high (46,47).
Thus to conclude, further study of the action of NaF as a
potential promoter is warranted in order to correctly evaluate the
potential risk to human health from constant low-level exposure.
Fluoride might also prove useful as a probe for deciphering the
cellular mechanisms controlling expression of the transformed
phenotype, particularly since high transformation frequencies can
be induced by the two-stage (carcinogen-fluoride) protocol.
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DATE: March 11, 1992

OFFICE OF
WATER

SUBJECT: Ohanian Knowingly Misleading the Public Concerning the Provisions of the Safe
Drinking Water Act
FROM: Wm L. Marcus, Ph.D., Senior Science Advfior
Criteria 8c Standards Division, ODW (WH-586)
TO: LuJuanna Witcher, Assistant Administrator
Office of Water (WH-556)
While adIng as an Official U.S. EPA representative at the Society of Toxicology meeting in Seattle, Washington on
February 28, 1992, Health Effects Branch Chief Edward Ohanian knew or should have known that he was misleading the public
concerning the provisions of the Safe Drinking Water Act (SOWA). According to Mark Lowe (attachment 1), "Ohanian added,
the potential hazard of getting to much fluoride has to be weighed against Its ability to reduce dental
decay." The SOWA specifically requires that the Hag be based on the lowest level at which no adverse health effects occur.
It actually prohibits a risk benefit analysis such as Ohanian espoused. The MO. requires only that economics and technical
Feasibility be considered not one adverse health effect vs a desired health effect.
At that meeting Dr. James Huff of the U.S. National Institutes of Environmental Health Sciences stated unequivocally
that WS. National Toxicology Program two year rodent study "found a rare bone cancer called osteosarcoma in
fluoride-exposed male rats." Huff also said he believes, "that the reason these animals got a few
osteosarcomas of the bone was because they were given fluoride."..."Bone is the target organ" for fluoride,
he noted.
In my now famous May 1, 1990 memorandum (attachment 2), I explained on page 2 that ostemarcoma is extremely
rare In animals. in fad, the only stries_olonimal studies I am uware of that produced osteosarcoma are in beagle dogs after_
15 years of radium exposure.11 was done in dogs because rodents did not get osteosarcomo when they were similarly exposed:
When I sent a copy of the May 1 memorandum (attachment 2) to Mike Cook, I wrote a cover memorandum (attachment 3)
explaining that several thousand US. citizens were probably dying yearly as a result of continued exposure to fluoride in
drinking water. A soon to be released study, demonstrated that men under 18 years of age exposed to fluoride in drinking
water when compared to non-exposed males had a six fold inuease in osteosorcoma. An inevitably fatal disease within four
years of diagnosis.
Therefore, the original recommendations in my May 1, memorandum are now more compelling than ever. I trust that
you will not let another year go by that will inevitably result in thousands of needless deaths of U.S. citizens. It is memoranda
such as this that are the root cause far my proposed dismissal.
cc. William IC Riley
F. Henry Hobicht II
Michael A. Hamlin

E. Donald Elliott

AC..atrratrit
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DATE: May 1, 1990
SUBJECT: Fluoride Conference to Review the NTP Draft Fluoride Report
FROM: Wm L Marcus, Ph.D., Senior Science Advisor
Criteria & Standards Division, ODW (WH-550D)
TO: Alan B. Hai& Acting Director
Criteria ,et Standards Division, ODW (WH-550D)

conference was held in RTP at the NIEHS headquarters on April 26, 1990, The
subject of the conference was a peer review of the NTP draft report on the toxicology
and carcinogenesis studies of Sodium Fluoride in F344/N Rats and B6C3F 1 Mice
(Drinking Water Studies) NTP Report Number 393. Dr. Robert Scala was to chair this
meeting but was unable to attend because of ill health. Dr. Michael Gallo was
appointed acting Chairperson. One of the attenders seated with the panel members was
David Rail, Ph.D., M.D., Director of NIEHS. Dr. Rail took an extremely active interest
in the proceedings and remained seated for the entire proceedings with only two minor
interruptions.
The

The most disturbing part of the report was the continual reference to the
historical controls as having the same or higher veneers u the test groups. On pages
89 - 90 of the report starting with the last paragraph the authors state the following:

An important consideration which limits the usefubtess of the historical control data
base in the Interpretation of the current studies it that the diet used in all other NTP
studies had not been closely controlled or monitored for fluoride content. Fluoride
concentrations in typical batches of N111-07 diet range between 28 and 47 pp??! (.7
and 1.2 mg/kg/day)(Rao and Knapka i, 1987). Asuuning a MaZillIUM bioavailability
of 60% rum show 64% absorption page 1-18), the historical database animals
actually constitute a group receiving sufficient fluoride sufficient to place them
hoses the low- and mid•concentration group in the current (the studies reviewed at
R7P at this conferettie). The fact that this fluoride Is available for absorption front
the standard diet it suppotted by the levels of fluoride found In the kfin of animals maintained on this diet in the As' months studies (Appendix 1)..(The levels in the
bones Olthe rats on the standard N1H chow was ten [101

the levels of those

1 Roa, G.N., and Knappa, J.J. 1987. Contaminant and nutrient
concentrations of natural ingredient rat and mouse diet used in
Chemical toxicology studies. Fundam. Appl. toxicol. 8, 329-338.

WI% L Marcus, Ph.D., D.A.S.T.

fed the semisynthetic diet and deionized water, 0.922 vs 0.0901). If the fluoride in
ft:a influencing the "spontaneous* Of background incidence of osteosarconias in male
ram, comparisons with those in the hLitosical database maybe misleading. This jorcfr
an even greater reliance an the within-study comparisons, i.e., die incidences of the
dosed groups compared with the concurrent control, in die interpretation of the results
of the sodium fluoride studies.

When L plotted a bar graph of osteosarcoma in male rats and placed the historical
controls on the graph 0.6% is just where expected. This helps demonstrate a relationship
between osteosarcoma and fluoride. The purpose of such graphs is to predict
occurrence. Since the historical controls comprise some 6,000 animals, this data point is
extremely significant compared to the other three. Osteosarcoma Is an extremely rate
animal tumor and may be the result of the variable high fluoride content in the feed. In
order to demonstrate this, all that need be done Is require that the fluoride content of
animal chow be lowered dramatically and that fluoride be removed from the water given
to the animals under study.
The dose of fluoride to which the concurrent controls were exposed is 0.2
mg/kg/day. A 70 kg man who drinks 2 liters daily is exposed to 0.03 mg/kg/day. The
acontror animals were exposed to an amount of fluoride six to seven (64 X) greater.
Lois Gold, Ph.D. of the review panel concluded that, *this group of animals therefore,
can hardly be termed a control group. It can best be described as a lowest dosed group'
This is an important consideration because as the document reports on page 9, the levels
of fluoride In bone are linearly dependent upon dose and length of exposure (-depend
upon total intake s ) In people. The level of fluoride in ashed samples of bone of 2030
.
year old people is 200 . 800 mg/kg compared to 70 to 80 year old people of 1,000 . 2,500
mg/kg. In the document, the authors cited Ziplcin3 who reported on bone fluoride
concentrations in four groups. of individuals with average ages of id to 76 who lived in areas
with fluoride concentrations in drinking water of 0.1, 1, 24 or 4.ppm. The relationship to
hone fluoride concentrations and water fluoride content was gsgic bone fluoride ranged
from about 800 to 7,000 ppmash with increasing water fluoride.'
In the animal studies the levels of fluoride (Appendix I) found in the bones of die
animals were the same as or lower than those found In people. The highest dosed level
of rats had lower levels of fluoride in their bones (5,470 ppm) compared to people (7,000

ppm) at the MCI. Of 4 ppm. This can be interpreted as people who ingest drinking
water at the MCI. have la times more fluoride in their bones than male rats who get
osteosarcoma. This is the first time in my memory that animals have lower

2 2ipkin • L., McClure, F.J., Leone, N.C., and Lee, W.A. 1958.
Fluoride deposition in human bones after prolonged ingestion of
fluoride in drinking water. Public Health Rep: 72, 732-740.
2

W. I.. Marcus, MD., D.A.S.T.
concentrations date carcinogen at the sight of adverse effect than do humans. An
important toxicologic consideration is that a toxic substance stores at the same place it
exerts it tads activity. 'This is true of benuns and now for fluoride., Fluoride however,
Is at mice the concentration in human bones compared to benzene whichis 10 to 100
greater in animal marrow. This portends a very serious problem. One would expect to
be able to discern a carcinogenic effect in the exposed population when compared to the
unexposed population especially if data exist on the populations before fluoridation.
Yiamouyiannis and Burk published epidemiology studies that have since been
revised twice, by Burk (former head of the Cytochernistry section at NTH). In these
extensively peer reviewed papers, the authors found that about 10,000 deaths a year are
attributable to fluoride water treatment. The U.S. Public Health Service (U.S.PHS)
criticized the original studies by erroneously asserting that the results reported by the
authors were a result of changes in the age, race and sex composition of the sample.
The U.S.PHS made mathematical errors and did not include 90% of the data. The
U.S.PHS method of analysis when applied to the database, confirmed that 10,000 Slain
cancer deaths yearly were linked to fluoridation of water supplies. This evidence hex
been tested most recently in the Pennsylvania Courts and found scientifically sound after
careful scrutiny..
There were three different short term in vitro tests performed on fluoride and all
these tests proved fluoride to be mutagenic. An Ames test was performed and reported
to be negative. Bruce Ames, in a letter to Arthur Upton introduced in the
Congressional Record, stated that his test system was inappropriate for fluoride testing
based on a. number of technical considerations. EPA's own guidelines require that in
vitro tests.be taken into consideration when found positive. In this case, the muugeniciry
of fluoride supports the conclusion that fluoride is a probable human carcinogen.
Melvin Reuber, M.D., a board certified pathologist and former consultant to EPA
and part time EPA employee, reviewed some of patholov slides and the liana. report
Dr. Reuber has had his pathologic disposes questioned several times In the past. When
an Independent board together with Dr. Reuber went over the slides his opinion was
always upheld. He first published the work that identified hepatocholangiocareinonsa as
a pathologic entity. 'llet report changed Battelle's board certified veterinary pathologists \
diagnoses from hepatocholanglocardnoma to hepatoblastoma and finally to
hepatocareisonsa. Dr. Raub., reviewed the patholov slides and stated that these lesions'
are indeed hepatocholangiotarcinoma. Because Dr. Reuber first Identified and

•

3

Grahas,

JAI., Burk, D., and Merin, P. 1987.

A current

restatement and continuing reappraisal concerning demographic
variables in American time-trend studies.on water fluoridation and

human cancer.

Proc Pennsylvania Academy of Sci. 61:138 - 146.
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. L Marcus, PLD., D,LT.
published his findings on this tumor. ( trust his opinion in this matter. These tumors ate
extreme ly rani Dr. Reuber's diagnoses would make the liver cancers significant because
:0 their rarity. This changes the equivocal finding of the board to at least some evidence
or clear evidence of carcinogenicity. In addition. the oral changes in the report were
down-graded from clysplasia and metaplasia to degeneration. Dr. Reuber said that this
change should also be reviewed. The report also down-graded adrenal
pheochromocytomas and tumors to hyperplasia. This needs to be reviewed by an
independent board. The other liver carcinomas were down-graded to foci by artificially
defining a need for 75% compression in the tumor before it was no longer a fad. Using
this changed definition carcinomas were down-graded to adenomas and adenomas downgraded to eosinophilic foci. In almost ail Instances, the Battelle board certified
pathologists' Endings were down-graded. it is my suggestion that a board independent of
NIEHS should be assembled by ODW consisting of human pathologists (for their •
experience in diagnosing osteosarcoma), the Battelle pathologist (to defend his original
diagnoses). Dr. Melvin Reubor, Dr. Thomas Squires and two other well known
Independent board-certified animal pathologists. The charge to this board is to mess as
a body, reifiew the sUdes, agree on a pathologic disposes and prepare a report to be
submitted to ODW for Incorporation in our docket for the fluoride reguladon.
The report talks about the efficacy of fluoride and tooth decay. Since the studies
wets performed to determine the carcinogenicity of fluoride this should not have been
addressed. There appear to be at least four different publications from the U.S..
Canada, and New Zealand that have reported similar or lower tooth decay rata in non"
fluoridated areas as compared to fluoridated areas'Au. Therefore, the entire
question of the efficacy of fluoridation based on extensive and multiple studies has been
called into question. Our job is to set safe levels for fluoride in drinking water based on
the scientific evidence.
The problem with this meeting was the inability of independent reviewers to get
to see the slides prior to the meeting. We must perform our own scientific review of the
slides and write our conclusions for use In the development of the revised fluoride
regulation.

4Co 1edienus, J. 19$7. coma. Heal th studios. / 1 S •
' Cr ay, SI. 1967. .J. Canadian Dontal Assoc. 53:763.
6 Hildebolt, C.?. et al. 1989. Amor J. Physic:1. Anthropol.
70:79-92.
7 01ese ndorf, M. 1986. /leen/v.322:12S.
4

UNITE() STATES ENVIRONMENTAL PROTECTION AGENCY
WA$H1t4GT0N. D.C. 20460

MEMORANDUM

Or r iCf Og

wATEn

DATE: September 24, 1990
SUBJECT: Submission of Analysis on fluoride Carcinogenicity and Toxicity
FROM: Wm L. Marcus. Ph.D., Senior Science Advisor
Criteria & Standards Division, ODW (WH-550D)
TO: Margaret J. Stasikowski, Director
Criteria & Standards Division. ODW (WH-550D)
At today's meeting I was surprised to hear both you and Alan Hais request that I
no longer submit any information concerning fluoride. I took an oath to uphold the
constitution when I was sworn in as an employee of the U.S. Government. I take that
oath seriously. As the Senior Science Advisor for the Criteria and Standards Division
and a trained toxicologist I consider the protection of the public health my primary
responsibility. My professional and ethical responsibility is to provide the information on
substances that are toxic and in water supplies to my management. What management
chooses to do with the information is up to them. I feel it is my professional obligation
to provide toxicology information and would be ethically remiss if I did not.
Since fluoride is one of the chemicals under active consideration by the division,
I feel obligated to officially provide information, my scientific analysis and conclusions.
Your request that I no longer perform the service for which I am paid is unthinkable.
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An exclusive report on the U.S. Environmental Protection Agency
Vol. 13 No. 50 . December 11, 1992

In decision expected to have molar Impacts
JUDGE FINDS EPA IG FALSELY CHARGED WHISTLEBLOWER, THEN SHREDDED EVIDENCE
In an urrecedeered rebuke of EPA's Inwe.ctor 'General, a Labor Dept. Administrative Law Judge has
accused EPA of using false charges and destroying evidence in firing an employee who had publicly
criticized an agency regulatory position. Public interest group sources say the decision is a resounding
victory for whisdeblowers, and suggest the case may have lasting ramifications for EPA's IG.
The case concerns William Marcus, a long-time toxicologist with the agency who was find in May
after an extended IG investigation into allegations that he had used his access to official information for
personal gain, and had been involved in outside employment that created a conflict of Interest. While
Marcus was a senior science advisor in the Office of Drinking Water. he served as a paid expert witness
in several civil lawsuits dealing with toxic substances. The 10 initiated an investigation of Marcus outside
consulting in 1988 upon the request of a company that manufactures chlordane, a pesticide that Marcus
testified caused severe health effects in humans. In ltit)f) . Marcus authored 3 memo on poteniial health
threats of fluoride, which received a great deal of pullicity and ''reated some chaos and turmoil."
according to a memo written at the time by another EPA suffer.
The Labor Dept AL.1 ruled in a Dec. 3 decision that "the reasons given for Dr. Marcus' firing were a
pretext and that his employment was terminated because he publicly questioned and opposed EPA's fluoride
policy.' The decision notes that nearly all of the charges filed against Marcus by the 10 were
unsubstantiated, and that the IG investigation of Marcus progressed only intermittently for several years,
picking up steam only after the controversy broke, out over MUCUS . 1990 fluoride memo. In addition, the
ALI found that the IG's office "shredded all investigation notes made contemporaneously during
interviews." despite pending congressional. administrative and Freedom of Information Act investigations
into the case. The ALI orders that Marcus be reinstated as a senior science advisor, that EPA provide
back pay, fringe benefits and interest. and 'that the agency pay Marcus $50.000 in compensatory damages:*
The decision has "major implications' for how the 10 handles investigations, a public interest group
source says. This source argues that in the Marcus case, the la *trumped up charges" against Marcus at
the behest of an industry in order to get Marcus rued, then destroyed the records that proved the charges
false. This source says it is "extraordinary" for a whistleblower to get compensatory damages in such a
case, and another public interest group source sueeests that it is the first time EPA has been fined for
mistreating a whistleblower. This source says EPA had hoped to make an example out of Marcus to prevent
other scientists from eterring forward with damaging information, but the ruling instead "will stop EPA
from going after other scientists.* which may encourage more whistlehlowers. An EPA source says the case
may have a lasting impact on the 10. particularly if charges ire filed against the IG's office for destroying
evidence, but this source says it is still to early to know the final ramifications of the decision.
An 10 spokesperson would not comment on the decision, and said Inspector General John Martin
"doesn't want to talk about the case."
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Labor Secretary Reich Orders EPA to Reinstate Scientist, Extends
Jurisdiction of Environmental WhIstiebtower Laws to EPA Employees
National Whistieblower Center, EPA Toxicologist Announce
Landmark Victory at Capital NM Press Conference
Washington — In a precedent-setting ruling, U.S. Department of Labor (DOL) Secretary
Robert B. Reich has ordered the U.S. Environmental Protection Agency (EPA) to reinstate
toxicologist Dr. William L Marcus.

Labor found the EPA guilty of falsifying employment records, discrimination, and retaliation
against an employee whIstleblower. It also granted Marcus the largest compensatory
damage award ever upheld under the federal environmental employee protection statutes.
The Center and Dr. Marcus announced the landmark decision Thursday, February
10, at a 1:15 p.m. press conference at the Russell Senate Office Building, Room 385.
The OREM marks the first time that EPA federal employees were held to be protected from
discrimination under federal environmental laws. The ruling establishes that all federal
employees are covered under these laws.
'This ruling extends, for the first time, the whistieblower protections of the federal
environmental statutes to EPA employees,' said Stephen M. Kohn, Chairperson of the
National Whistleblovier Center and Marcus' attorney. 'it's the most significant case to date
for an environmental whIstieblower within the EPA. The precedent is equally applicable to
all federal employees."
I've been vindicated,' said Marcus, an 18-year veteran at EPA.
The dedsion upheld an earlier order by a DOL Administrative Law Judge (AU) issued
December 3, 1992, supporting Marcus' claim that he was fired for protected activity.
Marcus flied his complaint under the sbc major federal environmental statutes and their
applicable regulations: Clean Air, Clean Water, Toxic Substances, Solid Waste, t3afe
Drinking Water and Superfund.
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The EPA dismissed the 52-year-old todcologist on May 13, 1992 after a four-year
investlgatket of Marcus' outside activities as an expert trial witness. EPA accused Marcus
of improper use of agency information for private gain, being Improperly absent *WTI week
and engaging in outside employment which appeared to pose a conflict of interest
The charges were brought sea result of an investigation by the EPA Inspector General
(IG). Marcus observed, The IG initiated its investigation alter complaints were voiced by
a large chemical company (Velsicoi Chemical Corp.) In April of 1988. 6 Both the AU and
Reich found many of the charges to be 'unsubstantiated, and based on apparentlyfaisifted
time records and other testimony.
Reich disputed the EPA's position stating, -1 agree with the AU that this rationale Is
prebaxtual and that the true reason for the discharge was retaliation.' Both Reich and the
AU found that Marcus was actually fired for publicly criticizing and opposing EPA's poky
on fluoride in drinking water.
In addition to 'reinstatement to his former or comparable position,' Reich ordered EPA to
offer Marcus the same compensation, terms, conditions, and privileges of his fcxmer
employment
'My facility suffered mightily" Marcus said. 'But what of the sdentIsts who are timid and

feel that their first loyalty is to their families? This is the chilling effect that my experience
at EPA has had on my fellow sdentists. How can the public be protected when people
charged with that mission are afraid that telling an unpopular truth results In their firing?

###
The NATIONAL WHISIZEBLOWER OW= created In I988, is a non-profi4 tan exempt
organization. The Center :worts recedent-setting &illation on behar of employee
whistleblowers. provides legal advice and neerrais for counsel to whistleblowers nationwide and
educates the public about the rights of employees to make disclosures regarding corporate or
gOVIWITMInt ntsnduct, envirolunental protection or health and safety violations.

'Please Pass the Roach Poison' Again
Editorials 781

"Reduce hip fractures among people aged 65 and older so that
hospitalizations for this condition are no more than 607 per
100000. (Baseline: 714 per 100 000 in 1988) "1
This terse directive to the health care and lay communities
alike acknowledges hip fractures as a major community health
problem. It also emphasizes the significant potential for reduction in the incidence of these fractures, provided adequate
attention is given to controllable risk factors. The challenge
to all of us is to identify these factors, with an emphasis on
those that are most cost-effective.
See also p 746.

Several studies have demonstrated that 5 to 10 years of
estrogen replacement for perimenopausal women will reduce
the incidence of hip and other osteoporotic fractures by as
much as 50%.' While it is currently my practice to prescribe
estrogen to all perimenopausal women in whom there is no
contraindication, there is still considerable debate as to the
' cost-effectiveness of this approach.' There are other approaches that are clearly less costly, but their effectiveness
is either questionable or has not yet been formally studied.
Some are just plain commonsense approaches where it is
difficult to foresee any hidden costs or any reason to delay
immediate implementation without waiting for studies to
de monstrate the benefit. This would include efforts to stress
safety in the home and maximize fall prevention (eg, adequate
lighting, placement of phone and electrical cords in a safe
manner, avoidance of highly polished floors and scatter rugs,
and the like). Physicians must minimize use of medications
that might result in sedation, ataxia, or postural hypotension
in older persons. Other approaches require more active intervention with increased direct and potential hidden costs.
Included in this list would be an increased daily intake of
calcium and/or vitamin D, increased load-bearing exercise in
the elderly, and more widespread use of thiazide diuretics.
For each of these measures, there is far too little information
concerning the effect on the incidence of hip fracture to recommend implementation before adequate and appropriate
prospective studies are completed. Such studies are already
under way, and more definitive information should be forthcoming in the next 5 years, too late to have any impact on hip
fracture incidence in the year 2000.
In this issue of THE JOURNAL, yet another potentially
controllable risk factor has been identified. In a carefully
conducted and reported study, Danielson et al° document an
increased rate of hip fracture (relative risk [RR], 1.27 in
women; 1.41 in men) in Brigham City, Utah, one of the few
cities in that state with a fluoridated water supply. This is the'
fourth report of an ecological link between fluoridated water'
supplies and an increased incidence of hip fracture that has
5-8 'Data from Finland'
been published in the last 2 years.
suggest the opposite; fluoridation decreases the rate of hip
fractures. These studies, all of which are discussed in the
report of a recent National Institutes of Health conference,'"
differ in many aspects, making a combined analysis impossible. None of the studies allows us to make a direct causeand-effect relationship between water fluoridation programs
and hip fracture prevalence. Jacobsen et al' only reported the
percentage of the populations in their national survey that
were living in communities with an active fluoridation proJAMA, August 12, 1992-Vol 268, No. 6

gram and appear to have ignored the potential effects of
natural fluoridation. Sowers et al" treated natural and artificial fluoridation as being identical, apparently ignoring other
differences in the water supplies, such as the lower calcium
content in the water with a naturally high fluoride leveL Nor
did they discuss other elements, such as aluminum, that are
included in the active fluoridation program in some communities. None of the articles adequately addressed trends in hip
fracture rates during the 30 years of fluoridation. Not all of
them discussed total water intake. The list of deficiencies in
these studies could go on, but it is not my intent to be critical
of good work. Rather, we should recognize the many factors
that contribute to overall hip fracture incidence in a community and the difficulties in studying any one factor in isolation.
"Please Pass the Roach Poison" was the title of the first
Editorial on this subject in JAMA" This Editorial noted that
fluoride had been used as an insecticide and discussed the
benefits of fluoridation in lessening tooth decay. This subject
was so hotly debated in the mid-1960s that the editors of
JAMA chose to include a second Editorial, "More Roach
Poison," later that same year. 12 This follow-up Editorial discussed the beneficial effect of fluoridated water on the incidence of spinal osteoporosis, Is and also linked fluoridation to
a decreased severity of aortic calcification. The Editorial
postulated that if the findings related to osteoporosis and
vascular calcification could be confirmed and extended, "fluoride will indeed assume an important preventive role in two
of the main diseases of aging-osteoporosis and hardening of
the arteries." Clearly, that hope has not come to fruition.
Equally dearly, it is now appropriate to revisit the issue
water fluoridation as a public health measure. '\
How can that best be accomplished? The original purpose --of fluoridation, control of tooth decay, appears to have stood
the test of time and cannot be lightly dismissed. Nor must we
lose sight of the overall goal, ie, to "reduce hip fractures." The
focus must remain a reevaluation of water fluoridation pro.
grams as but one of several potential controllable risk factors
in the pathogenesis of hip fractures in the elderly. The National Institutes of Health is already funding several nationwide studies on osteoporotic fractures, many of them with a
primary focus on hip fractures. The ambitious Women's Health
Initiative is about to be launched. It is incumbent on all of us
involved in such studies to critically analyze these new re..
ports and make appropriate adjustments to our data gab_
ering to include water fluoridation as a potential confounding
variable. Investigators and JOURNAL readers alike must recognize the limitations of studies that focus on but one aspect
of the pathogenesis of hip fractures. For now, it is premature
and unwise to provoke an angry public outcry calling for an
end to fluoridation programs.
Michael Kleerekoper. , MI)
1. Healthy People WOO: National Health Promotions and Disease Prevention Objectives. Washington. DC: US Dept of Health and Human Services; 1991279-280. US
Dept of Health and Human Services publication PHS 91-50212.
2. Kiel DP, Felson DT, Anderson JJ, Wilson PW, Moskowitz MA: Hip fracture and
the use of estrogens in postmenopausal women: the Framingham study. N Engl
Med. 1987;317:1169-1174.
3. Weinstein NC, Tosteson AN. Cost-effectiveness of hormone replacement Ann
N Y Aced Sci. 1990;592:1M-172.
4. Danielson C, Lyon JL, Egger M, Goodenough GK Hip fractures and fluoridation
in Utah's elderly population. JAMA 1992268:746-748.
5. Jacobsen SJ, Goldberg J, Miles TP, Brody JA, Stiers W, Rimm Ak;fregiOnal
variation in the incidence of hip fracture: US white women aged 65 years and older.
JAMA. 1990264500-502.
6. Cooper C, Wickham C, Lacey RF, Barker DJ. Water fluoride concentration and
fracture of the proximal femur. J Epiderniol Community Health. 1990;44:17-19.
7. Cooper C, Wickham CA. Barker DJR, Jacobsen SJ. Water fluoridation and hip
fracture. J AMA 1991266:513-514.
8. Sowers KR, Clark MK, Jannausch ML, Wallace RB A prospective study of home
mineral content and fracture in communities with differential fluoride exposure. Am
J Epidemiol. 1991;133:649-660.
9. Simonen 0, Laitinen 0. Does fluoridation of drinking water prevent bone fragility and osteoporosis? Lancet 19852:432-433.
10. Gordon SL. Corbin SB. Summary of workshop on drinking water fluoride influence on hip fracture on bone health. Osteoporosis ha. 19922109-117.
11. Please pass the roach poison. JAMA 1966;195255-956. Editorial.
12. More roach poison. J AMA 1966;198:550-551. Editorial.
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Friday, August 17, 1995

Honorable Patrick Johnston
Chairmen
Senete Appropriations Committee
5060 Capitol Building
Sacramento, California
Deer Mr. Johnston and Committee Members:
I have learned that the credibility of a scientific p aper that I oo•author•d i has been Mocked
during recent hearings on fluoridating the watar supplies in California. I muff specifically to the
statement by Assemblymember Spitler on June 21, 1995: For example, a study mentioned by
o ppo n ents In the committee analysis refers tos 1902 JAMA study which observed three communities
in Utah and concluded that fluoride caused an increase In hip ?rectum. Out If you reed the study in
It entirety, the authors freely admit to looking at no other risk factors and, in fact railed solely on
hospital discharge date.'
Ms. Soifer's statement that we examined no other risk factors is In error. We adjusted for
differences Inags between the fluoridated community and the two control communities, age being the
strongest risk factor for hip fracture. We also chose the control communities to have similar
proportions of members of the Church of Jesus Christ of Letter-day Saints (Mormons) as the
fluoridated Community to adjust for potential differences In cigarette and alcohol use., two other risk
factors. The statement that we relied solely on hospital diecharge data is not correct. We used
hospitei discharge data to Identify Patients with hip fractures, but combined this data with datton the
exPosure to fluoride, age, smoking and alcohol usage In all three communities. Our study was
prompted by increased risk of hip fractures observed in patients treated for osteoporosis with higher
doses (as a prescribed medication) of fluoride. There was a biological mechanism whereby fluoride
Increased the brittleness of bone, and this was manifested by an increased Incidence of hip fractures.
We wondered if the earns effect might be seen at fluoride levels introduced into public water supplies
to protect against dental caries. That we found an association was a surprise to ail of us. This
association has been replicated by a group in France in a much larger popuistIon 2. This raises the
question of an unintended side effect of fluoridating public wetl y supplies. Our group still stands by
its conclusion, and suggests that a large study needs to be done to better address this issue.
Sincerely yours,
c../`

Joseph L. Lyon, M.D., M.P.H.
Professor

1.

Danielson C, Lyon JL, Egger ME. Goodenough J. Hip Fractures and Fluoridation In Utsh's
Elderly Population. Journal of the American Medical Ataciation 1992; 205:140-748.

2.

Jacqmin-Gedda H , Commenges 0, Oartiques JF. Fluorine Concentration in Drinking Water in
the Elderly. Journal of the American Medical Association 1995; 273:775.770,
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Hip Fractures and Fluoridation
in Utah's Elderly Population
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Christa Danielson, MD; Joseph L. Lyon, MD; Marlene Egger, PhD; Gerald K. Goodenough, MD
Objective.—To test the effect of water fluoridated to 1 ppm on the incidence of
hip fractures in the elderly.
Design.—Ecological cohort.
• Setting.—The incidence of femoral neCk fractures in patients 65 years of age or
older was compared in three communities in Utah, one with and two without water
fluoridated to 1 ppm.
Patients.—All patients with hip fractures who were 65 years of age and older over
a 7-Year period in the three communities, excluding (1) those with revisions of hip
fractures, (2) those in whom the hip fracture was anything but a first diagnosis, (3)
those in whom metastatic disease was present, or (4) those in whom the fracture
was a second fracture (n=246).
Outcome Measure.—Rate of hospital discharge for hip fracture.
Resutts.—The relative risk for hip fracture for women in the fluoridated area was
1.27 (95% confidence interval [C1 1.08 to 1.46) and for men was 1.41(95%
CI=1.00 to 1.81) relative to the nonfluoridated areas.
Conclusions.—We found a small but significant increase in the risk of hip fracture in both men and women exposed to artificial fluoridation at 1 ppm, suggesting
that low levels of fluoride may increase the risk of hip fracture in the elderly.
(JAMA 199268:746-748)

HIP fractures, or fractures of the fernoral neck, are a major public health problem. In the United States, the cost of hip
fracture is approximately $7 billion annually, and hip fracture is the second
most common cause of admission to nursing homes, accounting for approximately
60 000 admissions each year.' Lindsay'
found that the incidence of hip fractures
increased 20% between the years 1970
through 1980,1 but other studies have
not verified this increase.'
For editorial comment see p 781.
Osteoporosis in the elderly contributes to most of these fractures. However,
researchers have raised concern that one
of the medical treatments for osteoporosis, oral ingestion of fluoride (75 mg/d),
may increase the risk of hip fracture.
Riggs et al' found that vertebral fracture
rates were lower in women who were
treated with supplemental fluoride, but
hip fracture rates were twice as high. Exposure to fluoride apparently causes new
bone formation of an inferior quality, especially in the femoral head where there
is more cortical bone. The physical propFrom the Department of Family and Preventive Medicine. University of Utah. Salt Lake City.
Reprint requests to the Department of Family and
Preventive Medicine. University of Utah. 50 N Medical
Dr. Salt Lake City, UT 84132 (Dr Danielson).
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erties of bone exposed to high concentrations of fluoride show that its compressive strength increases, but its tensile
strength decreases.' This raises the
question of similar effects in people who
drink fluoridated water, even though the
fluoride exposure is at least an order of
magnitude lower (1 mg/d vs 75 mg/d).
For many years it was thought that
fluoridation of the water system might
decrease arthritic conditions and
osteoporosis." However, these studies
were limited and may have been biased.'
A study in Finland in 1985 found a decrease in . hip fracture rates in an area
with fluoridated water.'" However-, a recent study in the United States found
that discharge rates for hip fracture were
associated with the percentage of the
population served with fluoridated water." Recently, Sowers et 0' found
higher fracture rates of all bones and decreased bone mass measurements of the
distal radius in an area with naturally occurring fluoride at 4 ppm compared with
an area with fluoridation at 1 ppm
Phipps and Burt, 13 using single-photon
absorptiometry to measure bone mass,
found that people livingin high-fluoride
areas (3.5 ppm) had decreased bone mass
at the distal radius compared with those
living in areas with lower fluoride levels.
Because of this controversy, we examined the rates of hip fracture in a community with a water supply fluoridated to 1
ppm and two communities without a fluHip Fractures

oridated water supply in Utah, an area
with lower risk for other causes of osteoporosis, such as smoking and alcohol.
METHODS
Population
The exposed community was Brigham_
City, one of the few communities in Utah
with a fluoridated water supply. This
city's water has been fluoridated to 1
ppm since 1966, except for 3 years when
equipment failures limited fluoridation.
The community had a total population of
15 596 in 1980, and had 1901 people. 65
years of age and older (1980 US Census).
It lies 80 km north of Salt Lake City,
Utah, and was primarily a commercial
and service community until 1965, when
a large aerospace manufacturing facility
moved into the area. Since then, the community has had a stable migration pattern, with slow growth. Two communities, Logan, Utah (population, 26844; persons 65 years of age or older, 2308, 1980
census), and Cedar City, Utah (population, 10972; persons 65 years of age or
older, 790, 1980 census), were chosen as
control communities. These communities
are also in rural areas, but their water
supplies are not fluoridated. The control
communities had fluoride levels under
0.3 ppm (Karen Zinner, MPH, coordinator, Dental Disease Prevention, Utah Department of Health, Dental Health Bureau, Family Health Services Division,
Salt Lake City, Utah, written
nication, August 2, 1991).

commu-

Cases of hip fracture requiring hospitalization were obtained from the Utah
Peer Review Organization (UPRO) for
the years 1984 through 1990. This or-

ganization has maintained a computerized database of all Medicare admissions
and discharges in Utah since 1984. Medicare provides medical insurance to citizens 65 years of age and older. The data
were obtained from insurance claims
billed to Medicare for hospital admissions and were reverified in about 25%
of cases by record review by a registered nurse. All cases in their files from .
1984 through 1990 with an ICD-9 [In-

ternational Classification of Diseases,
Ninth Revision] code of 820.0 to 820.9
were eligible for the study. All cases of

hip fracture, regardless of where they
were treated, were assigned to the cornand Fluoridation in Utah's Elderly--Danielson et al
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tounity where the person lived at the
time of diagnosis.
Subjects with hip fractures were ex- eluded if their age was less than 65 years,
if the hip fracture was listed as other than
. a first diagnosis, if an ICD-9 code for a
• surgical. revision of a hip fracture was
• present, if the fracture may have been
secondary to metastatic cancer, or if the
fracture represented a second fracture.
Age-specific populations for those 65
years of age and older were obtained
from the UPRO files of Medicare recipients. These numbers were obtained
from annual census counts done by the
Social Security Administration and took
into account inward and outward migration. Over 99% of Utahns 65 years of age
and older are enrolled in Medicare. At the
midpoint of the study (1987), there were
1035 females and 711 males older than 65
years of age in Brigham City, 726 females
and 566 males older than 65 years of age
in Cedar City, and 1801 females and 1210
males older than 65 years of age in Logan.
For each community, directly standardized age-adjusted rates were calculated using the 1980 US census as the
standard. The method of Chiang" was
used to estimate standard error (SE) for
nal. rate. Relative risks (RRs) were calculated using the nonfluoridated communities as the referent. Ninety-five percent
confidence intervals (CIs) were calculated
using the SE of the rates and the method
suggested by Kendall and Stuart's

)1.

RESULTS

The age-adjusted rates are shown in
Table 1. Age-specific rates for women
are displayed in Fig 1, and for men in
Fig 2. There was a statistically significant increase in the rate of fractures in
the fluoridated area in women and men
over 65 years of age with RRs of 1.27
(95% CI= 1.00 to 1.46) in women and 1.41
(95% CI=1.00 to 1.81) in men. Women
younger than 79 years in the fluoridated

area had a much higher rate of hip fracture than those 80 years of age and older
(Fig 1). The rates of hip fracture for men
living in the fluoridated community were
the same until the age of 70 years, then
increased after age 75.
COMMENT

We found an increased rate of hip fracture in men and women who were exposed to fluoride in the drinking water
at 1 ppm for approximately 20 years in
Utah. This is one of the first studies
showing increased fracture rates in an
area with water fluoridated to 1 ppm.
The possibility of bias must be considered in evaluating these findings.
Other risk factors such as smoking, age
at menopause, or differential postmenopausal estrogen use could have differed
JAMA, August 12, 1992-Vol 268, No. 6

Table 1.-Age-Adjusted Rates and Relative Risk (RR) for Hip Fracture per1000 for Women and Men 65
Years of Age and Older in Communities With Fluoridated vs Nonfluoridated Water
Age-Acquitted Rate (N)

Fluoridation Status

Women
Fluoridated
Nonfluondated

7.54 (8E)

Fluoridated
Nonfluoridated

3.47 (19)

5.95 (130)

RR

95% Confidence Interval

-1.27
1.0

1.08-1.48

Men
1.00-1.81

2.28 (32)

1.0
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Fig 2.-Age-specific rate per 1000 for hip fractures.
men. Brigham City has fluoridated water, Logan and
Cedar City have nonfluoridated water.

Fig 1.--Age-specific rate per 1000 for hip fractures.
women. Brigham City has fluoridated water, Logan
and Cedar City have nonfluoridated water.

Table 2.-Percentage of Men and Women Reporting Ever Having Smoked and Migration Factors in Counties With Fluoridated vs Nonfluoridated Water
65 y and Older Who Ever Smoked, %
Fluoridated water
Box Elder

Net Migration, V'

0.2
46.8
15.8

Men
Women
Nonfluoridated water
Cache/iron
Men

-4.9.
48.1
18.3

Women

'Total inward vs total outward migration. 1980 through 1988.

between the exposed and the unexposed
communities.
We are able to make some inferences
about possible confounding factors by
examining other data (Table 2). Smoking has been shown to be a risk factor
for osteoporosis.'s Smoking in the three
communities was equal in men. In
women, the rate of smoking was slightly
higher in the unexposed communities.
The proportion of people who ever
smoked was small, since about 70% of
Utahns are members of the Church of
Jesus Christ of Latter-day Saints, a religious body that proscribes all use of
tobacco products. The prevalence of people who have ever smoked is approximately 25% less in Utah compared with

other locations in the United States.'
Hip fracture is a catastrophic event
that requires hospitalization. The UPRO
database assigns each hospital admission to the population of the postal code
of residence, therefore eliminating the
possibility that patients may have been
counted in a different county than where
they lived. To address migration factors, we examined the percentage of net
migration (the sum of inward vs outward migration) by county in 1980
through 1988. Box Elder County, with
Brigham City being the largest community, had a net migration of 0.2%, the
lowest in Utah. For this reason, we doubt
that migration confounded our data.
Data from other studies in Utah show

Hip Fractures and Fluoridation in Utah's Elderly-Danielson et al 747

that from a random sample of those 65
years of age and older living in Brigham
City in 1989 through 1991, 70% of them
have lived there since the age of 25 years.
However, the number of people surveyed was small (n=6), so these data
were not used to adjust our data.
There were more nursing home beds in
one of the two control communities (6.5/
100 people older than 65 years) vs the exposed community (1.7/100) and the other
control community (3.4/100). Nursing
homes will have more frail elderly who
are likely to have hip fractures, thus
overestimating the effect of fluoridation.
Estrogen use by the women in the
three communities was not evaluated
directly and therefore potentially confounded our data. However, the effect
of fluoridation was seen in men, and as
the three communities were similar in
size and distance from larger medical
centers, we doubt that estrogen use altered our data significantly in women.
We have no evidence to believe that
our data were confounded by factors exerting a differential effect between the
fluoridated and control communities;
however, we had no direct data to evaluate other risk factors for osteoporosis in
the three communities, such as estrogen
replacement therapy, frequency of surgical menopause, and dietary intake of nutrients such as calcium. As pointed out by
Piantadosi et a1, 18 statistical analysis of
ecological data such as in this study can
give incorrect results. Because our study
looked at data concerning a group of people instead of individuals exposed to fluoride, fluoridation and hip fracture could
be unrelated and these findings only circumstantial
Other researchers have stated that
fluoridation of water to 1 ppm has either
a "beneficial effect" or "no effect" on
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bone. H1-192° Fluoridation of water supplies was initiated prior to long-term
studies on its effect on bone density.
Recent studies suggest that fluoride accumulates with age and may reach toxic
bone levels in a person's lifetime (at a
water content of 0.97 ppm of fluoride).'
Five previous ecological studies of hip
fracture rates and fluoridation of water
supplies to approximately 1 ppm produced varying results. Three studies
found no difference between fluoridation of water supplies and hip fracture
rates. 9-'922 One study showed a decreased
rate of hip fractures with fluoridation of
water supplies, w and another showed
an increased rate of hip fractures." Recently, Cooper et alm reanalyzed their
data and found a positive association
between water fluoridation to 1 ppm
and increased risk of hip fracture.
Length of exposure differed in these
studies. Only two studies reported length
of exposure to fluoridated water. K°2 Both
studies used the same community (Kupio, Finland) as the exposed community, which had an exposure time of approximately 30 years. One study found
the community with fluoridated water
had a decreased rate of hip fracture,
while the other found no difference. Two
other studies only examined the current
status of fluoridated water," ." and a
third only entered people into the study
who were younger than 65 years of age.3'
The power to detect differences in the
studies from Finland was quite limited
by sample size. Our study showed only
a very modest increase in risk in the
area with fluoridated water.
Sowers et al t2 found a higher rate of
radial bone loss in premenopausal women
and significantly more fractures of the
wrist, spine, and hip in postmenopausal
women when a community with a high,

naturally occurring fluoride (4 ppm) was
compared with a community with water
fluoridated to 1 ppm.t2
:We also found an increased rate of hip
fracture, which was less pronounced in
those older than 80 years old, in postmenopausal women living in the community with fluoridated water. A possible explanation for this is that women
younger than 80 years would have been
exposed to fluoride in the water system
as they passed through menopause, a
period of increased bone remodeling...
Women older than 80 years would li-a-Tve
already gone through menopause at the
beginning of fluoridation and would have
had less bone remodeling and less incorporation of fluoride into the bone.
This would not affect men.
r.;
One reason we may have found an
effect of low-dose fluoride when other
studies have not, concerns life-style factors related to membership in the Latterday Saints church, which includes about
70% of the Utah population. As such,
the population has lower exposure to
risk factors for osteoporosis, such as
smoking and alcohol, and the relative
contribution to hip fracture of fluoride
may have been .more apparent.
In summary, we found evidence that
fluoridation of the water supply to 1 ppm
was associated with an increase in the
rate of hip fracture in men and women.
This is one of the first times this effect has z
been reported in a water system fluoridated to 1 ppm. However, other researchers have found an increased risk of
hip fracture with higher levels of fluoride
in the water. Additional studies at an individual level are needed to help guide
public policy about fluoridation.
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strated a positive ecologic association
between hip fracture discharge rates in
the United States and fluoride content
in water supplies. In a similar study, we
recently reported the ecological association of discharge rates for hip fracture
and water fluoride levels in 39 county
districts in England.' Our study was
performed in response to the suggestion
that fluoridation of water might serve to
stem the rising tide of hip fracture in
western populations. Such a strategy
was supported by laboratory evidence
that fluoride was a potent inducer of
bone formation, and by epidemiologic
studies from Finland and the United
JAMA, July 24/31, 1991—Vol

268. No. 4
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States dentonatrating lower rates of hip
•fractures associated with higher water
fluoride levels. Our analysis demonstrated no significant association between discharge rate and total fluoride
concentration (r= .16, P = .34). This
lack of association was found for both
men and women, as well as in a restricted analysis eliminating the smaller
counties. However, tile results from the
recent US study prompted us to reexamine our data.
Our original statistical methods did
not adequately account for differences
in precision of the county-specific rate
estimate.' We reanalyzed the data using
a weighted least-squares technique
(weighting each county by the size of the
population aged 46 years and older) to'
allow for these differences. We found a,
significant positive correlation between'
fluoride levels and discharge rates for
•Eip fracture (r= .41, P = .009. Figure).
This relationship persisted for both
women (r=.39, P = .014) and men
(r=i .42, P= .007). The respective regression coefficients and their standard
errors were 0.46 (0.17) (discharges per
thousand/milligrams per liter of fluoride) for total rate, 0.66 (0.26) for women, and 0.23 (0.08) for men.
We present these data fur two purposes. First, given the widespread use
of fluoridated water in public water supplies for the prevention of dental caries•
any risk or benefit associated with this
practice will affect extremely large
numbers of persons. Using an appropriately weighted regression model, there
appears to be a positive ecologic association between fluoride levels of county

water supplies and fracture discharge
rates. This ecologic association is consistent with a recently published study'
and others currently in progress. Of
course, this approach remains hampered by the problems common to all
ecologic studies.' The relationship observed may be spurious due to the confounding of some other factor that has
not been accounted for in our analysis.
Furthermore, an adverse impact of
such low levels of fluoride appears biologically implausible, despite the recent
trials suggesting such a consequence at
much higher doses than in our study.'
Nevertheless, this positive association
demands further investigation at the individual level.
Our second purpose is to stress the
methodologic issue of weighting in this
type of analysis. The precision with
which eaeh county-specific rate is estimated is directly' related to the size of
the population. Analyses that fail to adequately account for this variation in
precision give inappropriate emphasis
to counties in which there Is greater
error in measurement of the rate. These
data provide a striking example of such
a bias obscuring the detection of potentially important associations.
Cyrus Cooper. MD. MRCP
Carol A. C. Wickham, MSc
David.!. R. Barker. PhD. FRCP
Southampton General Hospital
M RC Environmental Epidemiology
Unit
Southampton, England
Steven.!. Jacobeen. 610, PhD
Medical College of Wheconsin
Division of Riostatistles
and Clinical Epidemiology
Milwaukee
lettere
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Fluoridation level linked tofractures
. .

Physicians often prescribe fluoride and calcium to help
restore soine:of the bone mass lost in osteoporosis. Some
researchers suspect, however, that the new bone growth may
be abnormally brittle ('SN: 1/21/89, p.36). Now, epidemiologists
add weight to that concern with a rep. •rt that women over 55
who drink highly fluoridated water are more prone to fractures.
In 1983 and 1984, MaryFran R. Sowers of the University of
Michigan in Ann Arbor and her colleagues measured the bone
density of more than 800 women. aged 20 to 80, in three Iowa
communities with different levels of calcium and fluoride in
their water supplies. Five years later, the researchers again
measured bone density in most of the women and counted the
number of bone fractures suffered since the initial tests.
One community, serving as a basis for comparison, had
moderate fluoride and calcium levels in its drinking water.
Another had EPA's maximum allowable fluoride level of 4 parts
per million -: four times that in the comparison communitk The
third community's water contained more than five times as
much calcium as that of the comparison community.
Calcium made no difference in fracture risk, the team reports
in the April 1 AMERICAN JOURNAL OF ENDEMIOLOGY — but
postmenopausal women drinking the higher-fluoride water
counterparts.
faced more than double triFiractiiii-Fisk -oi their
........
in the comparison communityz_
Physicians treating osteoporosis should be aware of a
possible -margin of safety" beyond which fluoride therapy may
become counterproductive, says Sowers.
MAY .25,1991
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ORIGINAL CONTRIBUTIONS

A Prospective Study of Bone Mineral Content and Fracture in
Communities with Differential Fluoride Exposure

maryFran R. Sowers.' M. Kathleen Clark,' Mary L. Jannausch.' and Robert B. Wallace

In 1983/1984, a study of bone mass and fractures was begun in 827 woren aged
20-80 years in three rural lowa communities selected for the fluoride and catium
content of their community water supplies. The control community's wat er had a
.:
calcium content of 67 mg/liter and a fluoride content of 1 mg/kter. The higher-calaurn
community had water with a calcium content of 375 mg/ter and a fluoride content of
1 mg/liter. The higher-fluoride community's water had 15 ingfiter of calcium and 4 mg/
liter of fluoride naturally occurring. In 1988/1989, a follow-up study characterized the
684 women still Wing and available for study. Residence in the_ higher-fluoride community
was associated with a significantty lower radial bone mass in premenopausal and
postmenopausal women, an increased rate of radial bone mass loss in prerrieno l
women, and significantly more fractures among postmenopausal women. There was
no difference in the 5-year relative risk of any fracture in the higher-c,alciurn community
versus the control community; however, the relative risk WU 2.1 (95% confidence
Interval (Cl) 1.0-4.4) In women In the higher-Wanda community compared with women
in the control Community. There was no difference in the 5-year risk of wrist. spine, or
hip fracture in the higher-calcium community versus the control community; however.

the 5-year relative risk for women in the higher-fluoride community. compared with
women in the control community. was 2.2 (95% Cl 1.1-4.7). Estimates of risk were
adjusted for age and body size. Am J Epidemic , 1991;133:649-60.
bone and bones; calcium; fluoridation; fluorides; fractures

Because of the economic and health costs
of fractures. loss-of bone mass and osteoporosis are important aspects of quality of life.
The lifetime risk of hip fracture is estimated
to be 15 percent in women and 5 percent in
mcn; this is equivalent to the lifetime risk of
devcloping breast, uterine, or ovarian cancer
in women and prostate cancer in men. The
cost of health care associated with fractures
Received tor putrication marcn 22.1990. and n final
form NOvember
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in the United States was cstimated .to be S6.1
billion in 1984(1, 2) and has been projected
to be more than S100 billion by the year

2020 (3).
Estrogen replacement. calcium supplementation, and fluoride therap y . have been
proposed to prevent. rnininii,e. or treat hone
mass loss and fractures. Sodium fluoride
therapy has been of particular interest because of its ability to stimulate hone formation (4). Clinic-al trials which have examined
the effect of sodium fluoride on fractures
have reported conflicting responses. For example, lnkovaara ct al. (5) treated elde;ly
nursing home residents with sodium monoIltioropltosphate or sodinm bicarbonate and
observed that 6 percent of the treated sub-

• 650
jects subsequentl y had a fracture, while 3
percent of control subjects had a fracture. A
4• ,.ear trial conducted at the Mayo Clinic.
Rochester. Minnesota. reported increased
nonvertebral fractures and lower radial bone
mineral density among subjects randomized
to receive sodium fluoride therapy (6); however. there was a sienificant increase in bone
mineral density of the lumbar spine and
similar numbers of vertebral fractures in tlic
treated and placebo grou ps. A 2-year trial in
France reported a significantly lower vertebral fracture rate in the sodium fluoride
treatment group: no data describing level of
bone mineral density were provided (7).
has been suggested that fracture incidence
may be minimal if the sodium fluoride is
given in a timed-release preparation and/or
in a different dose (8).
Studies of fluoride and fractures based on
comparison of geographic areas with various
levels of fluoride in their water supplies have
generally reported no effect or a positive
effect with fluoride consumption (9-18); a
review of these types of studies was recently
published (19.). Typically, the highest fluoride level evaluated in community water
supplies has been less than 2 mg/liter, and
studies have been cross-sectional in design.
An cxception to those studies of lower
fluoride levels was our previously reported
cross-sectional study (20) which found significantly more fractures in women living in
a community with water fluoride levels of 4
mg/liter than in women in two other communities with fluoride levels of I ing/liter
and vastly different calcium levels. This paper describes the 5-year incidence of fracture
and bone mass in those three communities.
MATERIALS AND METHODS
Women living in three demographically
similar rural communities in northwestern
Iowa participated in a study of bone mass.
The three communities were *selected because the municipal drinking water supplies
had divergent calcium and fluoride contents.
The drinking water of the higher-fluoride
community had a naturally occurring fluoride concentration of 4 t- 0.1 mg/liter (stan-

dard deviation) and an elemental calcium
concentration of 15 ± 3 mg/liter: drinking
water in the higher-calcium community averaged 375 8 mg/liter of elemental calcium and was fluoridated to a level of I mg/
liter. The third communit y . classified as the
control community (21), had drinking water
that was fluoridated at a level of 1 mg/liter
and that had art average elemental calcium
content of 67 ± 4 mg/liter. Inorganic constituents of these drinkin g waters were determined at the University of Iowa Hygienic
Laboratory. the state public health lahora-•
tory, according to the most current methodologics (21). Mean mineral values for each
community were generated from UMW' sampling and testing that has occurred approximately every 5 years since 1938.,
State-specific census data from 1970 and
1980 indicated that the communities were
similar with respect to population size. age
distribution. proportion foreign-horn, mean
income, and occupational categories. The .
population of each community was less than
2,000.
Women were eligible for the baseline
study if they had lived in their respective
communities for 5 years and if they consumed municipal water. Five years was arbitrarily selected as a lime frame to allow
iflicient incorporation oldie minerals (22.
231. All participants were ambulatory, were
not knowingly pregnant, and had not expe-

rienced wrtst or forearm fractures in the
previous 2years which might bias measurement of radial bone mass. In the higherfluoride community, participants were aged
20-80 years: in the other two communities.
only women aged 20-35 years and 55-80
years were studied because of resource limitations. All eligible women were of northern
European heritage, and there were no ethnic
differences among the communities.
Figlity-nine percent (n = 417) or the eligible women completed the baseline study
in the higher-Iluuride community: 78 Percent Os 216) of the eligible women conipleted the baseline study in the highercalcium community; and 77 percent Os =
194) of the eligible women completed the
baseline study in the control community

F:uer.de ° ,: n e YaSS. and

Information was gathered in the higher,
fluorid e community from May to August
1984 and in the other two communities
from May to August 1983. women who had
participated in the baseline study were recs.
amincd exactly 5 years after the initial study.
To simplify presentation. %lee have labeled
all data collected in 1983 or 1984 baseline
data and all data collected in 1988 or 1989
follow-up data.
In the higher-fluoride community, 83.1
percent of women participated in the followup study: 2.2 percent had died. 8.2 percent
had moved. and 6.5. percent refused :Texamination. In he higher-calciuin community. 85 perccnt of women participated in
the follow-up study; 6.0 percent had died.
6.4 percent had moved, and 2.7 percent
refused reexamination. In the control community, 81.5 percent of women participated
in the follow-up study; 6.2 percent had died.
8.2 percent had moved. and 4.1 percent
refused reexamination. These values were
not significantly different between communities.
Bone mass measurement
Radial bone mass was measured at both
time points by the method of Cameron and
Sorenson (24) and Cameron et al. (25) using
a Norland 278 photon ahsorptiomcter
( Norland Corporation. Madison. Wisconsin) with an iodine-125 source. Bone mass,
expressed as the bone mineral:bone width
ratio (g/cm 2). was measured distally at a site
one third of the distance between the styloid
process of the radius and the olccranon. The
same procedure and instrumentation were
uscd at both baseline and follow-up examinations. A single observer measured bone
mass for all persons at baseline, while a
different single observer measured bone
mass at follow-up. Bone mass loss was calculated on an individual basis: wo men who
were not participants at both baseline and
follow-up were not included in bone mass
loss calculations.
Femoral bone mass was measured, at
follow-up only, using a Norland 2600 Dichromatic dual-photon densitoinctcr with j
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gadulinum-153 worm Femoral bone mass
was measured only in women who were no
longer menstruating. were capable of reclining to a flat position, did iml ha v e hi p pins.
and were .sulTiciently lean to fit under the
scanner arm (n 397). Bone mass (g/cm:)
is reported for three femoral sites—the neck
of the femur. Ward's triangle, and the
chanter—which include cortical and cancelbus bone.
Other measurements
Interviewers n.-cortled responses to questions about variables which may relate to
bone mass. Fractures were recorded according to specific site and year of fracture. Fractures reported here are those fractures which
occurred in the 5-year period betwetn baseline and follow-up examinations in women
who were participants at both limes. Variables describing fracture were: likelihood
that a woman had a fracture at any site
versus no fracture; if fractured. likelihood of
multiple fractures versus a single fracture:'
and, if fractured, likelihood of a fracture of
the spine, hip_ or wrist versus fractures at
other sites.
At each time point, one trained observer
measured each participant for height.
.7.ht, triceps skinkild thickness, and midarm circumference according to standardized procedures. Subjects were weighed in
light clothing without shoes to the nearest
0.1 kg using an electronic scale: height was
measured to the nearest 0.1 cm using an
anthropOmetrie plane and scale. Triceps
skinfold thicknes.ses wcrc measured with
Lange calipers and recorded in millimeters
using the mean or three consecutive read-

ings: arm spun and mid-arm circumference
were measured with a steel tape to the nearest 0.5 and 0.1 cm. respectively. Quetelet
index (weight (kg)/height (m) 2 ) was calculated from these measures.
Fluoride and nutrient intake assessment

Intake or water and water-based beverages
was assessed using food frequency, 24-hour
food recall, and water intake sections in the
interview. Lstintales of water intake from
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these methods were similar. A computer
program was written which assigned calcium
and fluoride values, on a communityspecific basis, to water and water-based
products such as frozen juice concentrates.
powdered drink (MACS. coffee, and tca. Calcium and fluoride intake values for liquids
were assigned to an individual based on her
report of the presence or absence and type
of a home water-Conditioning system. If an
ion-exchange water conditioning system or
bottled water was used in the higher-fluoride
community, then a fluoride level of 0.3 ppm
was assigned to beverages consumed by individuals who reported using these products
(less than 20 percent or respondents). If
water conditioning or bottled water use was

reported in the higher-calcium community,
a value of 60 mg/liter was assigned to beverages . prepared with this conditioned or Nat• tled water. We did not attempt to estimate
calcium or fluoride ingested from foods prepared in large amounts of Cooking water,
such as rice.
Each participant was asked to recall her
previous 24-hour intake of food during a
face - to - face interview (26), as well as to respond to a food frequency questionnaire
which characterized intake of foods high in
calcium and vitamin D. Interviewers (five in
the higher - fluoride community, two in the
higher-calcium community, and two in the
control community) were trained in appropriate techniques tr solicit recall of food and
beverage intake. The interviewers showed
color photographs to each participant to enhance her recall of food serving sizes, which
were reported and ecorded in common
household unius. To promote accuracy. food
and beverage intakes from each recall and
the food frequency were coded independently twice. The correlation between-calcium intakes as estimated by the two difTcent methods was 0.56 at baseline and 0.,

at follow-up.
Nutrient values were assigned to coded
foods and beverages using US Department
of Agriculture food composition tape 456
(available from the National Technical Information Service, US Department of CornV ir g inia) This computer

tape provides 20 nutrient values. including
calcium. for more than 2.600 foods. Thc
tape docs not include values for vitamin D
and fluoride: thus, a supplemental computer
program was developed to assign vitamin D
values to foods and beverages. These values
wcrc based on information from the food
composition tables published in Southgate
and Southgate's AfcCance and Widdowsim's
The Cultip().sition of hiuds (27) or on other
information sources about fortified products
such as milk and dry cereals.
fluoride values were not assigned to foods
or to non-water-hased beverages. The ionic
(1r frcc form of- fluoride in water can be tested
with a fluoride-specific electrode; but no adequate methods are accepted for testing fur
the free and bound fluoride found in foods
(28-34). On the basis of composite diet
analysis, water is the primary source of fluoride (29). More than 80 percent of participants in the control and higher-c-aleium
communities used toothpastes containing
fluoride, while 39 percent of. participanu in
the higher-fluoride community used these
products; however, the amounts of these
products used were not assessed, given the
variety in practices associated with quantity
of use, mouth rinsing, and expectoration of
the rinse.
The interviewer gathered information
about nutritional supplements by observing
the labels of currently used preparations and
asking the participant to recall the number.
frequency, and individual duration of use of
the preparations. We added these estimates
of supplement use to nutrient intake from
food and water to calculate total intake.
Interviews also included information about
estrogen replacement therapy, surgical
menopause. and use of oral contraceptives.
Procedures followed were approved by the
Universities of Michigan and Iowa Committees on Human Experimentation and thc
Radiation Protection Subcommittees.
Data analysis.
Normality of variable distributions was
evaluated with univariate analysis. Variables with skewed distributions were log...
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transformed (nutrient intakes) or categorized. Chi-square tests were used to determine whether the women of the cornmunities were homogeneous with respect to
ethnicity, occupation, marital status, and
education. Analysis of covariance with
Tukey multiple-comparison tests was usc.d
to generate and compare mean bone mass
measurements and physical measurements
by community.
Associations between levels of bone mass
and community, controlling for age and
Quetelet index, were tested using analysis of
variance (35). Probabilities of fracture between baseline and follow-up in relation to
community fluoride exposure, considering
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important covariatcs such as age. Quetelet
index, calcium intake. vitami n ID intake, and
in'teractions, were evaluated using stepwise
logistic regression analysis. Estimates of relative risk with their 95 percent confidence
intervals were calculated from the beta codficients and standard errors (36).
RESULTS
Bone mass measurements
The numbers of partici pants, ages. and
Quctclet indexes of women in each of the
three communities arc shown in table I
according to three major age groupings of
20-35 years, 36-54 years. and 55-80 years.

•
TABLE 1. Selected characteristics of women who participated at both baseline (1983/12. 4 ) and fdadill•u0
(1988/1909) In a study or water mineral characteristics, bone mass, and fractures, by age arduP o ld tYPit of
community water supply, rural Iowa
Type at Colvtlitily twiner simply
Colfro

Htsinsr-ceicasn

Hignes.euonda

Women aged 20-35 years at baseline
No. of participants

Age (years)
Baseline
Follow-up

37

33

67

29 3 t 4.0t
34.4 I 4.1

29.0 t 4 1
340 t 4.1

29 8 t 3.3
34 8 t 3.4

24.7 t 6.2

235

t 3.9

26.0 t 7.1

24.1 : 4.2

24 3 t 4.7
25.0 t 5.4

Oueteiet

Baseline
Follow-up

Women aged 38-54 years at baseline
115

No. of perlicspants
Age (years)

Baseline
Follow-up .
Quakes! index
Baseline
Follow-kV

46.5 t 5.5
51.4
6.3
26.9 t 6.7
27 5 t 6 2

Women awl 55-80 years it baseline
No. of p articipants

121

148

.163

65 5 t 7.3
70.6 t 7.4

67 II- 7 2
72 0 t 7.2

67 7 t 6.7
72 6 t. 6.7'

27.7 t 4.9
27 5 t 5.1

28.2 t 5.3
28 1 t 5 4

27 6 t 3
27 3 5.7

Age (years)
Basebne
Foilow-up

Quetelet max

Baseline
F oamy -up
• < 0.02.
r mean t standard dowels:el.
Wegir l (k g)theort 11/918
ciu....,6,...••

654

c

•w-Fs et at

The only significant difference in these characteristics by community was mean age—
that of women in the higher-fluoride com-

munitY was approximately I year greater at
follow-up than the mean ages of w omen in
the higher-calcium and control communities. There were no significant differences by
community in the distributions of estrogen
replacement therapy, oral contraceptive use,
frequency of surgical menopause. and estimated nutrients from diet and supplements.
Table 2 shows the comparisons of mean
radial bone mass, by community, in young
adult women, adjusted for age and Quetelet
index. There were no significant differences
by community in mean radial bone muss
measurement at baseline. However, at
follow-up, young women in the higherfluoride community had significantly lower
mean bone mass values than did ' women in
the control ( p = 0.04) and higher-calcium
4 p = 0.02) communities. Furthermore, the
mean loss of radial bone, expressed as absolute difference or percentage of loss, was
greater in women of the higher-fluoride
community than in women of the control
(p = 0.08) and higher-calcium (p 0.03)
communities.

The mean radial hone mass v alues. 13,,community, for women in the 55- to 80year age group are sho w n in table 3. The
values are adjusted for age • and Quetelet
index. Al baseline. mean radial bone mass
was significantly lower in the higher - fluoride
community than in the control (p = 0.02)
and higher -calcium p 0.006) communities. A similar observation was made about
women who participated in the follow-up
study. The follow-up mean radial bone mass
value was significantly lower in the higherfluoride community than in the control
( p 0.01) and higher-calcium p 0.003)
communities. Despite the lower mean radial
bone mass values, the rates of change in
radial bone mass were not significantly different among the communities during this
5-year period.
The mean bone mass of the femur consistently tended to be lower in the higher
fluoride community than in thc highercalcium community (table 4): however, the
mean femoral bone mass measures were not
significantly lower than mean values in the
control comMunity. Although women in the
higher-calcium community had a higher
mean femoral bone mass than the women

TABLE 2. Mean 'dial bane mess In women aged 20-35 years at baseline (1983/1984), by community, in
rural Iowa communities with different water minaret characteristics
o tot
. *merinos on
r*wrans

ACIustecr .elue

Basesne (1903/1904)ra:14i tone mass (gicrni)
Control (n es 37)
Higher<aidum (n am 33)
HighsrAiJoncle in lo 67)
Foscrw-uo (198a/1969) ramie bone mass igiera2)
Control
HIgner-Caicium
Htgrier-iluande

0.75 7.• 0 008r
0 75 t 0 008
0.74 t 0 006
0 73 t 0 008
0.74 t 0.009
071 :0006

NS:

I

0 02

0 04

Atsolute cj i ll efervCe in

raafai bone mess in 5 )ears (g/cnii)
Control
Higner-catourn
Higner-iluonde
loss al racial bone mass in 5 years
Control
kIner-calciurn
Higher-fluoride

•••n•n•

• At:pilled for age ann Quenesii odes (wrgrn tiNglinagnt (me).

-00
-00
-0.0Z

7. 0

005
:0.005
0 004

-2.1-t 0.7
- 1.6 t 0.1
- 36 t 0 5

0 03

0.03

0.08

0.08
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Made In woman aged
TABLE 3. Mean radial bone
with
s
different
water mineral
communitie
rura l Iowa

5 5 - 80 years at baseline 11983/1980. by COMMundy.
characteristics
0 tor
cillegenca
means

Aolustila• view
8eSe4lne (1981198 4 ) radial bone mass (gicrn)
Conircl (n .1 121)
Higher-c.aloum (ri a 148)
Higoec.ituonce In GB 163/
Follow-up (1988/1989) radial bore me s s (g/c1hz)
Control
Kgrier-calourn
HIgner;euonce
Absolute difference in radial Done mass in 5 years (g/crn2)

CcrItrot
Higner-caicium

Hgner-fluoncie
•/., loss 01 radial bane mass in 5 yeet3
Control
Higher-calcium
Higher.fluoncle

0 63 t 0008?
063 r 0 007
0 60 I 0 007

I
I

0 006

0 59 t 0 008
0.59 0.007
0.56 t 0.007

I
I

0003

0 02

0.01

-0.039 t 0.004
- 0 043 t 0 003
- 0 046 t 0 003

NS t

0.8
-6.9 t 0.5
- 7 .4 t 0.5

NS

-6.4 t

•

• .4 0k:steel for age and Queunet mei lweigrn iligutwogni
$ Mean t slandarct war
$ NS. not significant.

TABLE 4. Femoral bone mass among women in three rural loves communities with dethrone's in the
mineral content ot thee' Community water supplies .
•

*ousts"' vow
Femoral neck (glanl
Control (n • 110)
Higher-calaum (n
Hi gner-Nonde in

0.69 / 0.0111
0.71 ± 0.009
' 68 0.009

13E)
151)

0 ice
dingo enc. in
mean

0 03

NSt

Trochanter (9/crn2)

Control
Higher-calcium
Higher-fluoride
Ward's triangle (g/cttrt)
Control

065 :0.012
0.65 I 0 011
0.63 ±0.011
060 I 0.012
0.63 0.011
0 59 t 0.011

Higher-co/duns

Hicher-buonde.

0 05
008
0 02

0.07

NS.

• A del/tea km ago amChanswi noes (wecte iligyheight ern •
t Moen t Vanden:1MM.
$ NS. not eceetCled.

in the control community. irrespective of
site, the difference was not statistically significant.
Fractures
The distribution of fractures is shown in
table 5 according to age group and within
sbeciric sites. The values for sitc-specific
fractures do not total to ,,alues reponcd in

the overall frequencies because some W411111:11
experienced fractures at multiple sites hut
were counted only once :is having had a
fracture in the 5-year pi:riotl.
Relative risk of fracture w.i. 4:n1k:1d:tied
according to community. with .:stiihatcs ol
risk adjusted for agc and Qui..telet index. As
table 6 shows, among wonicn in the 20- to
35-year age group. there v.as an increar.ed
probability of fracture in the higher-llupride

ei
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TAEILE S. Five-yea( (1963/ 1964-1986/ 1989) fracture frequenc y in VIOTINI Of three rural lows communities
with differences In the mineral content of their community wester supplies, by og io group and site'
community
Ago
SIO of
fracture

grou0
Ileifli

Nana
Arm

wnst
Spine

Peivis
Leg
Other

'

Hip

•

Controi

Hirer

unmet

r-iltrer'illi00041

20-35
26-54
55-80

3/37(8)1
--s
11/121(9)

1/33(3)
—t

21/148(14)

9j67(13)
10/115(9)
31/163(19)

20-35
36-54
55-80
20-35
36-5 4
55-80
20-35
36-5 4
55-80
20-35
36-5 4
55-80
20-35
36-54
55-80
20,35
36-54

0/37(0)
—

1/33(3)
—

0/67(0)
0/115(0)

1/163(I)

(0)

0/121 (0)

0/148

0/37(0)
—
2/121 (2)
0/31(0)
—
2/121 (1)
0/37 (0)
—
0/121(0)
0/37 (0)
—•
0/121 (0)
1/37(3)
—

0/33(0)
—
3/148 (2)
0/33(0)
—

1/67(1)

2/115(2)
4/163 (2).
1/67(1)
4/115131

55-80
. 20-35
36-54
55-80

0/121 (0)
2/37 (5)

0/148(0)
1/33(3)

7/121 (6)

12/148(6)

10/163(6)
0/674).
0/115 (0)
3/163(i)
0/67 (0)
0/115(0)
2/163(1)
1/67(1)
0/115(0)
2/163(1)
5/67 (7)
6/115(5)
12/163(7)

20-35
36-54
55-80

0(37(0)
—
0/121(0)

0/33(0)
—
2/148(11

1/67(1)
1/115(l)
5(163(3)

5/146

(3)

0/33 (0)
—

0/146(0)
0/33(0)
•

1/146(1)
0(33(0)

ricsuoes rr
4trecturersi do not toto to soegrouo Ireciures (*Altai °awes only welitnduasl
Numbers in 04reninesis. cercentor.
t Precoanis more noi siuoirso vi masa Sc ;ace in me =nit vet nignef-cahouni cornmurvhes

• Soe•soecit< frectutei

TABLE I. Risk of fracture In a 5-year pitied (1913/1964-1966/1989) a mong women of three rural Iowa
In the mineral content 01 their community water supplies, by age group and

communities with differences
Community

Risrinee 'ma • 195% cciectence riervai

CaMilintr
Any

'rectum

Fractures 41

Frictur• 01 re/
wrist, or sore

m ultiOle sites

Women aged 20-35 years at baseline t

Control(
HictieiGliClurn
Hvgnei-fiu0r1011

—t
0 36 (0.03-3.63)
1.81 (0.45-8.22)

0 30 (0 04-3.39)
2.70 (0.16-8.28)

women aged 55-80 yews at oesetane
COntr01
HigMf<alClurfl
Htgfler.fluor ide

1 54 (0.70-3.37)
2.11 (1.01-4.434

• ri alusiecl tor age aria OtAlteft Vs I nVOICre
t There were no muilesie fractures n tres age grey&
t Relative.
Is AA

aus••

1 60 (0.71-3.40)

1 60 (0.71-3 41)

2 20 (1.07-4 69)

220 (1.04-4 57)

erterco 0 95.1 20)

-•
_riCie. eO r e P.AaSS. and Fractures

a red with the referent
community as com p
community: hoW ever- the confidence interval included I. There was also an increased
risk of fracture at the spine, hip, or wrist;
howe v er. again, the confidence interval included I.
In the 55- to 80-year age group, there was
no significant difference in the 5-year fracture relative risk between the higher-calcium
community and the control community;
however, in the higher-fluoride community,
there was an increased relative risk of 2.1
(95 percent confidence interval (CI) 1.0-4.4)
compared with the control community.
There was no.significant difference in the 5year risk of fracture occurring at the wrist,
spine, or hip in the higher-calcium community versus the control community; how-

ever. the 5-year risk in the higher-fluoride
community compared with the control community was 2.2 (95 percent. ClThere was no significant difference in the 5year risk of multiple fractures between the
control community and the higher-calcium
community; however, in the higher-fluoride
community, there was an increased relative
risk of 2.2 (95 percent Cl 1.0-4.6) for multiple fractures.
When individual total calcium or vitamin
D intakes estimated from either diet instrument were added to the logistic regression
model to adjust for the variability of nutrient
intake in the communities, there was no
difference from the relative risks described
above. Furthermore, when the probability
of fracture was 'adjusted for the baseline
radial bone mass value, women aged 55-80
years living in the higher-fluoride community continued to have an increased risk of
fracture relative to women of the same age
in the control community (relative risk w
1.99, 95 percent Cl 0.95-4.21)Within the higher-fluoride community.
fluoride dose, expressed as the reported years
of residence multiplied by estimated daily
fluoride intake from beverages, w as Posi
-tivelyasocdwhrkfatue.Upon
further examination, it was observed that
the relative risk of fracture in postmenopausal women with a fluoride exposure less
_ Lhn.n_t
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0.88-4.0). while those postmenopausal
women with an exposure greater than the
median had a relative risk of 2.6 (95 percent
CI 1.2-6.0) when compared with premenopausal women. These relati v e risks were adjusted for age and Quctelet index.

DISCUSSION
A recent clinical trial (6) observed that
although women with osteoporosis had a
significantly increased vertebral bone mineral density when treated With sodium fluoride, there was no concordant decline in

vertebral fracture. FUrthCrInOCC, there was
an unexpected increase in the number of
appendicular fractures in the treatett, group
as compared with controls. Based on find• ings from this trial and the increasing cost
of conducting multiple trials to determine
optimal doses and delivery systems (6), it
appears that studies of geographic differences in fluoride consumption can still contribute to our understanding of fluoride's
role in bone mineralization and bone architecture.
Greater relative loss of radial bone mass
among women in the higher-fluoride community than in women in the control and
high .-calcium communities appears to be
established prior to age 55. In the women
who were aged 20-35 years at baseline, there
was apparently greater bone mass loss in the
higher-fluoride community.. The apparent
loss of bone mineral density in the younger
women residing in thc control and highercalcium communities is within the measurement error of the single-photon densitometer; however, the loss in the higher-fluoride
community exceeded the 1.-2 percent measurement error. This was particularly prominent in women who were aged 25-29 years
at baseline. We could determine no reason,
apart from the higher fluoride exposure, why
women in the higher-fluoride community
should have greater loss of bone mass than
women in the other two communities.
When considering possible explanations, we

found the women to have the same mean
body size, the same frequency of oral contravenlive uce tIltI intihr

ininIrre
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as y oung adult women in the control 'community.. There were no more young adult
women in the higher-fluoride community
who had had a premature or surgical menopause than in the other two communities.
Furthermore. young adult women who
moved awa y from the higher•fluoride community (n = 18) did not have significantly
higher baseline bone densities than the
young adult women who remained.
Lower radial bone mass was evident
among the women aged 55 - 80 years at baseline in the higher-fluoridecommunity: however. prospective evaluation indicated that
these older women lost bone mass at approximately the same rate, over 5 years. as
women in the control and higher-calcium
communities. Unfortunately, the lack of
bone mass and fracture data in the midlife
age interval for the control and higher.
calcium communities- prevented us from
comparing factors associated with estrogen
status. These comparisons might have included frequency of perimenopausal estrogen supplementation or follicle-stimulating
hormone determinations to describe the differences in hormonal characteristics around
the menopause. We were able to determine
that there was no difference in the mean age
of reported menopause between communities. The values were 46.9 years in the control community and 47.9 years in the higher.
fluoride community ( p 0.33). The participants from the higher-fluoride community
used perimenopausal estrogens with the
same frequency as women in the other two
communities. The mean numbers of years
of perimenopausal estrogen use and years
since last use were similar in the three communities.
The rationale for an increased risk of fracture in the higher-fluoride community has
not been fully developed in relation to bone
mineral content. For example, the recent
clinical trial at the Mayo Clinic reported
increased appendicular fractures in spite of
greater ‘ertebral bone mass (6). Ruegseggcr
et al. (37), using computerized tomography,
reported a gain in cancellous bone but a loss

eralizatio n. I ncreased fluoride exposure in
the presence of minimal calcium and vitamin D intake, is associated with a defect in
the mineralization of bone which may include increased cr y stallin ity and decreased
elasticity (38. 39). We obser ved that an important increase in risk of fracture was observable in the higher-fluor ide community
even after controlling for the radial bone
density measured at baseline. Additional
longitudinal information from other skeletal
sites would be helpful in understanding the
role of bone mass.
Although there have been multiple geographic studies of bone and fluoride exposure, the majority of these have tended to.
characterize bone mass and fracture in populations where the water supply contained 2
mg/liter of fluoride or less (9-16). Several
studies have examined higher doses. Early
.studies of fluoride and bone began in the
1950s and 1960s with radiographic evidence
suggesting less osteoporosis in communities
with higher fluoride exposure as compared
with communities with lower fluoride exposure (40-42). Unfortunately, the study
populations were not well -characterized as
to ethnicity, age, sunlight exposure, and
nther factors which might confound such a
•:lation. A study by Bernstein et al. (17) in
North Dakota reported decreased radiographic bone density and more frequent collapse of vertebrae in women residing in a
low-fluoride area (<0.3 mg/liter) as compared with women in a higher-fluoride
(4-5.8 mg/liter) area. However, men were
observed to have more collapsed vertebrae
than women, and the frequency of collapse
in men was not associated with type of water
consumed.
Our observations may be related either to
fluoride exposure or to other unique but
unknown factors associated with these three
communities. In an earlier report (20) of a
cross-sectional study in these communities.
we described more fractures observed in participants from the higher-fluoride community. The prospective observation that there
was greater fracture incidence in a 5-year

if
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creased incidence of fractures in young adult
women, though not statistically significant.
suggests that the observation among older
women is also not an artifact or the function
of

a specific age Cohort.
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Hip fractures tied to fluoridation, poverty
Incidence of hip fractures in white women in the U.S.
correlates positively with poverty, percent of land
farmed, and fluoridation of water supplies and negatively with water hardness UAMA, 264, 500 (1990)1
Epidemiologists from the School of Public Health at
the University of Illinois, Chicago, found that a county map of age-adjusted hip s fracture rates showed a
distinct north to south geographic pattern with lower
rates in the north and higher rates in the south. They
tried to explain this variation by comparing hip fracture incidence with poverty levels, sunlight in January, water hardness, percent of land farmed, and percent of the population drinking fluoridated water.
They found a "weak positive association between the
percent of county residents who receive fluoridated
water and hip fracture incidence in the unadjusted
analysis that is strengthened after adjustment." Each
year in the U.S. about 250,000 people over age 65 suffer hip fractures and 25% die within three months.
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Regional Variation in the
Incidence of Hip Fracture
US White Women Aged 65 Years and -Older
Steven J. Jacobsen, PhD; Jack Goldberg, PhD: Toni P. Miles, MO, PhD:
Jacob A. Brody, MD; William Stiers, PhD; Alfred A. Rimm, PhD

FRACTURE of the hip is a major cause
of morbidity and mortality in persons 65
years of age and older. Incidence rates
for hip fracture are known to vary by
both sex and race." There is also
marked variability in hip fracture incidence by geographic region, with the
highest rates found in Scandinavia, followed by the United States, Western
Europe, Asia, and Africa.":.
Within the United States, relatively
little is known about the geographic pattern of hip fracture. Most studies have
described the incidence of hip fracture
for the country as a whole," for limited
geographic regions,'" or by broadly defined Census divisions.' This study examines the geographic distribution of
hip fracture incidence in the United
States at the county level. lb this end,
data are obtained from the Health Care
Financing Administration (HCFA) and
the Department of Veterans Affairs
(VA) that identify all hospital discharges with a diagnosis of hip fracture
for women aged 65 years and older for
the period 1984 through 1987.
Methods
The HCFA and the VA each maintains computerized databases of inpaFrom me Epidemiology Program. School ol Public
Health. Orwersify a/ minois at Chicago (Ors Jacobsen.
Goldberg. Miles. and Brody): Division of Biostatistics/
Chnicai Ebdemoiogy. Medical College of Wisconsin.
mdwauiree (Ors Jacoosen and Rimm): and the Center
or Health Services Researcn and Deielooment. Hines
Hasonal. Ccooerative Studies Program (Or Goldberg).
and the De partment of Veterans Altars (Or Stiers).
Hines. III.
%Dont teq ueSIS to Oivrsion 01 Biostatisticsiginicat
Entaermohogy. medocal College of wisconun. PO Box
26509. mawaukee. WI 53226 (Or Jacoosen)
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tient hospitalizations. The HCFA compiles data on all hospital discharges for
persons covered under the Medicare
program, while the VA compiles data on
all discharges from VA hospitals.
The HCFA data are based on information collected with a standard billing
form (HCFA- Form 1450, UB-82), with
each record containing a standard set of
data. These records are combined annually into a derivative file la-town as the
Medicare Provider Analysis and Review Record. Records for an individual
can be linked by means of an encrypted
version of the Social Security number,
which allows a beneficiary to be tracked
through a number of years to reveal a
history of all inpatient hospit2ii71rions
The VA Patient Treatment File is a
computerized abstract of all discharges
from VA hospitals with a structure similar to HCFA13 Medicare Provider Analysis and Review Record file; repeated
hospitalizations can be identified by using the veterans' Social Security number.
Each record in the Mediare Provider
Analysis and Review Record and the
VA Patient Treatment File includes a
principal discharge diagnosis and up to
four additional diagnoses, coded according to the International Classification

of Diseases, Ninth Revision, Clinical
Modification." The computerized abstract also includes age, sex, race, ZIP
code of residence, and the dates of admission and discharge.
• Potential cases of hip fracture are
identified in both the Medicare Provider
Analysis and Review Record and the
VA Patient Treatment File as any indi-

vidual with an internationa/ Classification of Diseases code of 820.0 through
820.9 in any of the five fields provided for diagnoses. Potential cases
(N = 822 384) from both files are merged
by &kill Security number and date of
admission. In this analysis, cases are
excluded if sex is male (n = 150 985), age
is less than 65 years (n= 19899), race is
nonwhite (n =49 463), ZIP code is from
Puerto Rico or is missing (n =815), the
fracture is the second fracture of the hip
within the follow-up period (n = 54 055),
the fracture may have been secondary
to metastatic or primary neoplastic disease (n=4190), or the primary discharge diagnosis was for late effects of
hip fracture or for orthopedic aftercare
(n = 274). The exclusion criteria are not
mutually independent, and it case may
be excluded for more than one reason.
After exclusions, 541 985 cases remained eligible for study.
Denominator information is obtained
from the Bureau of the Census. County
estimates of the 1985 population of
white women by 5-year age groups up to
age 85, and for 85 and older, are
available."
For each county, age-adjusted rates
are calculated using the direct method
of age adjustment,' with the entire US
population aged 65 years and older serving as the standard. For purposes of
mapping, the distribution of age-ad
-justedrafohcnis-,.Jupet;
into quartiles, with the lowest quartile
represented in white and the highest in
black.
TO gain greater insight into the geographic pattern of hip fracture, an eFc.fr
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Age-adiusted annual incidence of hip fracture among wnite women aged 65 years and older by county at residence. 1984 through 1987.

logical study of the age-adjusted county
rates is undertaken using county-level
data from the Bureau of Health Professions' 1988 Area Resource File.' The
factors examined include a five-level index of surface and groundwater hardness, the percentage of persons aged 65
years of age and older living below the
poverty level, the percentage of land in
agricultural use, the percentage of the
population served with fluoridated water, and mean hours of sunlight in January. For the ecological analysis, latitude
is measured based on the degrees of
latitude at the centroid of the county.
The ecological analysis uses weighted
least-squares regression methods to examine the association of the countybased measures of exposure and the
age-adjusted county incidence rates."
In all analyses, the data are weighted by
the number of white women over tne
age of 65 years. Unadjusted and multifactor adjusted results are presented as
regression coefficients, t tests, and
JAMA. July 25. 1990—Vol 264. No. 4

their associated P values.
Results

The county map of age-adjusted hip
fracture incidence rates (Figure) displays a distinct north to south geographic pattern, with higher rates' in the I
South and lower rates in the North. I
Flu-ther. there appears to be a cluster of I
high-risk counties in the south that traverses the 'Thxas panhandle, east to Arkansas. northern Mississippi, Alabama.
and Georgia..
The results from the ecological regression analysis (Table) confirm the
north-south geographic pattern observed in the Figure. There is a positive
association between, hip fracture incidence and the percent of the 65-year and
older population below the poverty level and the percent of land in farms. In
the unadjusted analysis, average January sunlight is positively correlated
with hip fracture incidence: however,

after simultaneous adjustment for the

ecological risk factors, average January sunlight is negatively assodated with hip fracture incidence.
There is a weak positive association beremaining

tween the percent or county residents
who receive fluoridated water and hip,
fracture incidence in the unadjusted
analysts that is strengthened after

"ustment.
Comment

•

This study presents an analysis of the
incidence of hip fracture in the United
States among white women aged 65
years and older using data from all hospital discharges recorded in the HCFA
and VA systems during 1984 through
1987. By analyzing age:adjusted incidence rates by county of occurrence, we
have identified a north-south gradient
of risk with a cluster of high incidence in
the southeastern United States.
A systematic bias in the numerator or
denominator of the age-adjusted rates
seems an unlikely explanation for the
flip Fracture incidence —Jacoosen et at 501

•

the observed geographic pattern of hip

Ecological Regneission Analysis of Age-Adjusted Hip Fracture Incidence Rates for Casty-level Expanses
Adausted

Unedpasted
Factor
Latitude cararoid
Water hardness Meat
% 55 .. Bebe poverty levatt
% Land M tam*
% Population with auonctimet
January sunignel

t.l

Regression
Coefficient
-.069
-.037
.544
.007
.001
.003

f Teal
- 137
-2.0
14.6
7.8
1.7
4.3

P
.000i

.0447
.0001
.0001
.0973
.0001

Regression
Coefficient
-.137
.026
.0013
.003
-.002

f Test
-11.2
-6.7
6.1
7.9
3.3
-2.5

P .
.0001
.0001
.0001
.0301
.0009
.0138

'Based on a weighted least-squares regression predicts= county-sostific age-ectiusted annual incidence Me
frau, Males is seabed hum 1 to 5: 1 ispresenting loss than 60 ppm cerium =tones: 2 through 4. increments ot
60 ppm. and 5. mom than 240 ppm calcium carbonate.
*The proportion ot persons 65 as and older below the poverty level.
glbe amount of farmland as a percent of toter land in the course
peemers of the population within a county served with fluoridated valet
Wean number of hours ot offIlight in January.

observed gradient. While some underin the contemporary environment that
counting may be present, it is unlikely
increases the risk of falling in the southern United States. The existence of this
that the population denominators are
factor is unlikely, however, because the
systematically biased by latitude. Likewise, with nearly universal coverage of
distribution of deaths due to falls shows
persons aged 65 years and older in the
higher rates in the North as compared
HCFA and VA systems and the hospito the South."
talization of virtually all persons who
An alternative hypothesis is that othsuffer a fracture of the hip, a systematic
er risk factors for osteoporosis,' such as//
bias in the numerator resulting in a .dietary fluoride consumption, sunlight'
north-south pattern of incidence seems
exposure, estrogen levels, smoking,
highly unlikely. While improper assignalcoholism, Scandinavian
ment of ZIP codes to counties could exiiiit and the diazir st
plain differences between adjacent
etarv consumption of calcium are recounties, it is unlikely to be responsible'
lated to latitude. The results from the
for differences among clusters of
ecological regression analysis suggest
counties.
that soft and fluoridated water, paver
If the north-south gradient in hip
Ey, reduced sunlight exposure, and rufracture among women is "riot attributral location all increase the risk of hiP
able to bias, then what are other plausifracture. The stropg positive associable explanations for this phenomenon?
tion of latitude with hip fracture inciOne hypothesis is that older women in
dence among women is undiminished afthe South are more likely to suffer a
ter adjustment for the...confounding
traumatic event (ie, fall) that leads to
effects of these risk factors.
hip fr-acture. This would imply that
Smoking and alcohol consumption are
some unknown risk factor is operating
unlikely to provide an explanation for

7

fracture, since there is no evidence
of a north-south geographic distribution
of smoking and alcohol consumption
among women aged 65 years and older."
Scanciinavian ancestry would tend to elevate rates in the northern states.
Among persons aged 65 to 74 years,
there is no evidence to suggest geographic differences in the distribution of
either overweight or underweight"; nor
are there any geographic differences in
the distribution of persons aged 65
years and older who report being dependent on assistance for walking or going
outside."
It is more difficult to dismiss calcium
consumption as a possible explanation
for the north-south gradient in hip fracture. While detailed geographic data on

calcium consumption are lacking, it is of
interest that the ecological analyses
suggest factors that are strongly associated with diet (ie, poverty and rural
location). Further, the observed cluster
of high risk for hip fractures in the
southeastern United States corresponds closely with those areas that suffered epidemic levels of diseases of nutritional deficiency, such as pellagra,
early in this century.'
In summary, the analysis of hip fracture incidence data at the county level
demonstrates a strong pattern of rencaI variation among women, with a
of increased risk in the southern
United States. No presently recognized
factor or factors adequately explain this
observed geographic variation.

Atil

This study was supported by the National Institutes of Health pact RO-1-AG-08709 and a grant
from the National Osteoporosis nundation. Washington. DC.
We thank7John Baron. MD, for his review of
earlier versions of the manuscript.

References
I. Cummings SR. Kelsey JL, Nevitt MC. ODowd
KJ. Epidemiology of osteoporosis and osteoporotic
fractures. Epidentiot Rev. 1985;7:178-207.
2. Farmer ME, White LR, Brody JA. Bailey KR.
Race and sex differences in hip fracture incidence.
Am J Public Health. 1984:74:1374-1380.
3. Jacobsen Si. Goldberg J. Miles TP, Brody JA.
Stiers W, Rinun AA. Hip fracture among the old
and very old: a population-based study of 745 435
cases. Am J Public Health. In press.
4. Silverman SL. Madison RE. Decreased incidence of hip fracture in Hispanics, Asians. and
blacks: California kospital discharge data. Am J
Public Health. 1988:78:1482-1423.
5. Melton W. ()Teflon WM, Riggs BL. Secular
trends in the incidence of hip fractures. Caleif name 1st. 1987:41:5744.
6. Elabdien BSZ, Olerud S. ICarlstrom S. Smedby
B.°.'L..ng inciAtnce of hip fracture in Uppsala, 19651980. Acta Orthop Seand. 1984:55:284-289.
7. GallagherJC, Melton Li. Riggs BL, Bergstrath
E. Epidemiology of fractures of the proximal femur
in Rochester. Minnesota. C/in Orthop. 1980150:
163-171.

502

JAMA. July 25. 1990-Vol 264. No. 4

8. Cutaway WM. Stauffer RN, Kurland LT.
O'Fallon WM. Limb fractures in a defined population: I. frequency and distribution. Mayo Clin
Proc. 197954:701-707.
9. 'Bacon WE, Smith GS. Baker SR Geographic
variation in the occurrence of hip fractures among
the elderly population of the United States. Am J
Public Health. 1984191556-155&
10. international Classification of Diseases.
Ninth Revision, Clinical Modifioation. Washington, DC: US Public Health Service; 1980:1-3. US
Dept of Health and Human Services publication
PHS 80-1260.
11. County itmulation Estimates (Experimental)
by Age. Sea, and Race: 1980-1985. Washington,
DC: US Bureau of the Census; 1989.
12. Reiss JL Statistical Methods far Rates and
Proportions. 2nd ed. New York, NY: John Wiley &
Sons: 198L244-247.
13. Applied Management Sciences Inc. The Area
Resource File: A Health Professions Planning and
Research lbol. Hyattaville. Md: Health Resource
Administration: 1980. US Dept of Health and Human Services publication ERA 81-9.

14. Rothman KJ. Modern Epidemiology. Boston.
Mass: Little &WTI & CO; 1986.
15. Baker SP, O'Neill B. Karpf RS. The /Mary Fact
Book. Lecington, Masa DC Heath:1984:113-127.
16. National Center for Health Statistics. Health
Promotion and Disease Pnronition: United Staies,
1985. Waahington, DC: US Public Health Semite:
1988. US Dept of Heaith and Human Services publication PUS 88-159L Vital and Health Statistics.
•
Series 10, No. 163. • '
••••
17. National Center • for Health Statistics. , Obeu
and Overweight Adults in the United States. Washington, DC: US Public Health Service: 193.
Dept of Health and Human Services publicatior.
83-1680. Vital and Health Statistics; Series 11.
No. 230.
18. National Center for Health Stmistica.!Phyrieti.
flanctioning of the Aged.' United States; 1984. %ail.
erigtoda. DC: US Pub& Health Servioc 1989. US Dep.
el Health and Human Services pithead= 89-1680
Vital and Health Statistics, Series 10. No. 157.
19. Rae DA. A Plague cfCont: 771e Social History ri•
Fthagru. Ithaca. NY: Cornell Vonerelftl/ Press'
1973.
Hip Fracture Incidence-Jacobsen eta

hypertensive rat. Me.on DE, McCarron DA.
Toid hormone-mediated
eously hypertensive rat.
i1:59-63.
.oncentrations of ionized
ertension. N Engl J Med

The relationship of Pone mass and fracture
history to fluoride and calcium.iptake:
a study of three communities"

:ium and blood pressure.
a 0. et al. Reduction of
upplementation in young
16 I-S.
he hypotensive effect of
ine in essential hypertenA bstract).
• ace: Voorlichtingsbureau
ei (Dutch computerized

MaryFran R Sowers, PhD, Robert B Wallace, MD, and Jon if Lemke. PhD

ABSTRACT Stimulated by the suggestion that water fluoride > 1 mg/L may protect against
osteoporosis, we studied bone mass of women in three rural communities with differin g mineral
content of the water supply. Mean fluoride and calcium of community drinking waters were 4 mg/
L and 16 mg/L. respectively, high fluoride community: 1 mg/L and 375 mg/L. respectively, high
calcium community: and 1 mg/L and 65 mg/L respectively, low calcium community. Bone mass
was measured by single photon absorptiometry. and women were interviewed about fracture history,
dietary intake, and other important covariates.
We observed no protective effect with higher fluoride intake. Bone mass was lower in older women
From the high fluoride community though not statistically so: these women reported significantly
more fractures. There was no observed community difference in young women's bone mass or fracture
history. Young women in the high fluoride community consuming calcium and vitamin D in excess
of 800 mg/day and 400 IU/day, respectively, had significantly better bone mass (p <0.05) than their
peers.
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Introduction
Chronic ingestion of fluoride leads to its accumulation in skeletal tissue with the fluoride
ion substituting for the hydroxyl ion. This
substitution results in conversion of hydroxyapatite to fluorapatite (1, 2).
In the 1950s and 60s, Leone eta! (3-5) and
Bernstein et al (6) reported decreased prevalence of osteoporosis in areas where.communal
waters had fluoride concentrations > 4 mg/L
as compared with areas whose communal waters provided <0.5 mg/L. Iskrant (7) also reported lower death rates from falling among
residents in areas with higher levels of
naturally-occurring fluoride in drinking water.
Two studies suggested some protective effect
against osteoporosis in areas where water supplies had 0.7-1.2 mg/L fluoride (8, 9) while
other studies showed no protective effect at
the same level (10-12).
While these studies suggest a beneficial effect
for bone modified by fluoride deposition, each
has methodologic limitations such as limited
sample size and failure to consider confound-

ing diet, drug, or ethnic factors. Furthermore,
it has been observed that bone modified by
fluoride has decreased elasticity and increased
crystallinity (2). Thus, increased bone mass of
itself cannot necessarily be equated with an
increase in bone strength and fewer fractures
(13). Indeed, there is evidence that defective
bone mineralization may occur if levels of fluoride intake are not balanced with appropriate
calcium and vitamin D intake (14-161.
There is limited research using current
technology to define the relationship of
chronic high fluoride intake on bone mass and
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fracture rate so the following questions about
moderate water fluoride levels (1-5 mg/L) remain unanswered: 1) Do these water fluoride
levels (1-5 mg/L) modify bone mass, and is
the effect observable both in young women
during maximal bone formation and in older
women? 2) Does bone modified by fluoride
deposition result in fewer fractures? 3) Does
intake of calcium and/or vitamin D influence
the observed effect of fluoride intake as reflected in bone mass or risk of fracture?
We approached these questions as they relate to the appendicular skeleton by comparing
mid-radius bone mass of women living in a
community whose municipal drinking water
had naturally-occurring high fluoride (4 mg/
L) to the bone mass of women living in two
demographically similar communities where
the fluoride level of the treated drinking water
was 1 mg/L.
Methods
Women living in three demographically similar rural
communities in northwest Iowa participated in a study of
nutritional and hormonal factors associated with bone
mass. The three communities were selected because the
municipal drinking water supplies had divergent calcium
and fluoride content (Table I). Drinking water of the high
fluoride community had a naturally-occurring fluoride
concentration of 4 a: 0.1 mg/L and an elemental calcium
concentration of 15 3 mg/L: drinking water in the high
calcium community averaged 375 8 mg/L of elemental
calcium and was fluoridated to a level of I mg/L. The
third community. classified as low calcium. had drinking
water fluoridated at a level of 1 mg/L and an average elemental calcium content of 60 :t- 4 mg/L. Inorganic constituents of these drinking waters were determined at the
University of Iowa Hygienic Laboratory, the state public
health laboratory. according to the most current meth-

odologies (17). Documentation of the constancy of these
levels is reflected in the small standard deviations about
the mean. values which accumulated as a result of water
sampling and testing approximately every 5 yr since 1938.
The communities were similar with respect to population size. age distribution, proportion foreign born. mean
income, and occupational categories. The population of
each community was <2000 persons.
Women were eligible for study if they had lived in their
respective communities 5 yr and consumed municipal
water. Five years was arbitrarily selected to allow sufficient
metabolic incorporation of the minerals (18. 19). All participants were ambulatory. were not knowingly pregnant.
and had not experienced wrist or forearm fractures in the
previous 2 yr. In the high fluoride community, participants
were aged 20-80 yr whereas only women aged 20-35 and
55-80 yr were studied in the other two communities due
to resource limitation. All eligible women were of northern
European heritage. and there were no ethnic differences
among the communities.
Eighty-nine percent (n = 417) of-eligible women completed the study in the high fluoride community: 78% (n
216) of eligible women completed the study in the high
calcium community: and 77% (n = 194) of eligible women
completed the study in the low calcium community. Information was gathered in the high fluoride community
in from Max' to August 1984. and in the other two communities from May to August. 1983.
Bone mass measurement

Bone mass was measured by the method of Cameron
.(20. 21) using a Norland 278 photon absorptiometer
(Norland Corporation. Madison. WI) with an l source.
Bone mass was-expressed as the bone mineral to bone
width ratio (g/cm 2 ) of the radius. In the high fluoride cornmunity, bone mass measurements represent the mean
value of two scans while in the other two communities.
bone mass measurements represent the mean value of four
scans. Bone mass was measured distally at a site one-third
the distance between the styloid process and the olecranon.
The coefficient of variation in the two sequential scans
among women measured in the high fluoride community
was 2.10%. The coefficient of variation of the four sequential scans among women measured in the high and

TABLE 1
Selected mineral characteristics of wells providing the drinking water of three rural demographically-similar
communities in northwest Iowa*

Community

Date
drilled

Depth

Treated to
I mg/L.

Frequency.or
evaluation
since 1938

4.00

No

6

0.35
0.40

Yes

6
II

0.20
0.20

Yes

Mean
calcium content

Calcium range
I min-max I

Satural
fluoride
leNcl

ete/i.

in fig•

ing/L

14-19'
336-370
345-390

15
1211
<1938
High fluoride
High calcium
351
600
1960
Well #1
360
660
Well #2
1938
Low calcium
230
70
Well #1
l 060
65
230
Well 41
1948
* Data Source: Uni v ersity of Iowa Hygienic Laboratory.
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low calcium communities was 2.05%. A single observer
measured the bone mass of all persons.
Diet assessment

Each participant was asked to recall her previous 24-h
intake of food and beverage during a face-to-face interview
(22). Interviewers (five in the high fluoride community.
two in the high calcium community, and two in the low
calcium community) were trained in appropriate techniques to solicit recall of food and beverage intake. The
interviewers showed color photographs to each participant
to enhance the recall of food serving sizes, which were
reported and recorded in common household units. To
promote accuracy, food and beverage intakes from each
recall were coded independently twice. The interviewer
gathered information about nutritional supplements by
observing the labels of currently used preparations and
asking the participant to recall the number, frequency.
and duration of use of the preparations.
Nutrient values were assigned to coded foods and beverages using the US Department of Agriculture (USDA)
Food Composition Tape 4456. This computer tape provided 20 nutrient values, including calcium, for more than
2600 foods and included revisions of nutrient analyses
current to January I. 1983. This tape did not include values
for vitamin D and fluoride. A supplemental computer
program was developed to assign vitamin D values to foods
and beverages. These values were based on information
from the food composition tables published in Southgate's
NIcCance and Widdowson Composition of Food (23) or
on other information sources about fortified products such
as milk and dry cereals.
Fluoride values were not assigned to foods or non-water
based beverages. The ionic or free form of fluoride in water
can be tested with a fluoride-specific electrode, but no adequate methods are accepted for the free and bound fluoride found in foods (24-29). On the basis of composite
diet analysis, water is the primary source of fluoride (30).
More than 80% of participants used toothpastes containing
fluoride: however, the contribution of these products was
not included given the variable practices associated with
quantity of use, mouth rinsing, and expectoration of the
rinse.
A computer program was written which assigned calcium and fluoride values on a community-specific basis
to water and water-based products such as frozen juice
concentrates, powdered drink mixes, coffee, and tea. Appropriate calcium and fluoride intake values were assigned
to an individual based on her report of the presence or
absence and type of the home water conditioning system.
No estimate of calcium or fluoride accrued by foods as a
result of preparation in large amounts of cooking water
was attempted.
Water and water-based beverage intake was assessed in
both the 24-h recall and in a water intake section of the
questionnaire. Estimates of water intake from the two
methods were similar.
Other measurements
One trained observer measured each participant for
height. weight, triceps skinfold thickness. and mid-arm
circumference according to standardized procedures: subjects in light clothing without shoes were weighed to the
nearest 0.1 kg using an electronic scale: height was mea-
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sured to the nearest 0.1 cm using an anthropornetric plane
and scale: triceps skinfold thickness was measured with
Lange calipers and recorded in mm using the mean of
three consecutive readings; arm span and mid-arm circumference were measured with a steel tape to the nearest
0.5 cm and 0.1 cm. respectively.
Interviewers recorded responses to questions about
variables which may relate to bone mass including demographic information, reproductive history, selected
current and prior medications, smoking, alcohol use.
medical history, and fracture history. Physical activity was
estimated with a frequency inventory of household and
leisure exercise activities. A sunlight whole-body equivalent
exposure was estimated from the usual hours per day outof-doors multiplied by percent of body surface area usually
exposed to sunlight in summer. Percent body surface area
was adjusted for repon of regular sunscreen use. The value
used in analysis is hours per day of whole body exposure.
Procedures followed were approved by the University
of Iowa's Committee on Human Experimentation and the
Radiation Protection Subcommittee.
Data analysis

Normality of variable distributions was evaluated with
univariate analysis. Variables with highly skewed distributions were log 10 transformed (nutrient intakes) or categorized. Chi-square tests were used to determine if women
of the communities were homogeneous with respect-to
ethnicity, occupation. exercise, and socioeconomic status.
Analysis of covariance with appropriate multiple comparison tests were used to generate and compare mean
nutrient intakes and physical measurements by community.
Associations between levels of bone mass and factors
such as medication use and dietary intakes were tested
using multiple regression analysis (3 I). Probability of fracture history in relation to community fluoride exposure
considering important covariates such as perimenopausal
estrogen and current thiazide use as well as interactions
was evaluated using stepwise multiple logistic regression
analysis methodology (32).

Results
There were no significant differences in ethnicity, socioeconomic status. exercise, sunlight
exposure. or perception of health status among
women of the three communities: there were
no significant differences in the mean age.
height, weight, Quetelet Index, or triceps skinfold thickness among participants (Table 2).
Though Quetelet Index, weight, height. per,
cent body fat. and humeral fat area showed
positive correlation with level of bone mass.
the index of body composition most highly
related to bone mass was humeral muscle area
calculated from triceps skinfold thickness and
mid-arm circumference (33). As such, muscle
area was selected as the body size adjustment
variable for subsequent analyses.
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TABLE 2
Physical and exposure characteristics of participants from three communities according to age group
Low .calcium
Variable
Ages 20-35
Number
Age (yr)
Wt (kg)
Ht (cm)
Quetelet index (wt/ht2)
Blood pressure (mmHg)
Systolic
4th Diastolic
5th Diastolic
Ages 55-80
Number
Age (yr)
Wt (kg)
Ht (cm)
Quetelet index (wt/ht2)
Blood pressure (mmHg)
Systolic
4th Diastolic
5th Diastolic
Water softening use
Perimenopausal estrogen use
-Use > 2 yr
Thiazide use

High-calcium
mean

mean t SD

SD

High-fluoride

43
29 + 4
65.4± 15.9
163.5 ± 6.2
2.44 + 0.6

.43
29±4
67.3 ± 13.4
164.6 ± 6.3
2.48 ± 0.4

114.2± 11.1
68.3 ±9.1
64.6 ± 11.1

114.6
70.5
66.5

151
66 -± 7
70.1 ± 13.6
159.4 ± 5.6
2.76 ± 0.5

173
67 ± 7
71.3 ± 14.4
159.3 ± 5.4
2.81 ±0.5

199
68 ± 7
69.2 ± 13.6
159.0 ± 6.1
2.75 ± 0.5

135.5± 15.8
74.0 ± 9.6
69.7± 12.1
10%
35%
17%
33%

138.2 ± 18.7
76.3± 11.0
73.5 ± 11.7
14%
38%
21%
30%

138.0± 18.0
74.3 ± 10.0
70.5 ± 11.0
0%
35%
P%
20%

± 9.5
± 8.4
± 9.2

0.8 -

mean t• SD
85
,9 + 4
69.8 ± 16.1
163.0 ± 6.3
2.51 -= 0.6

0.7 -

114.7 ± 11.3
70.0 ± 9.2
68.4 ± 9.3

-

0.3-

r-20
FIG I.

Mid-radius bone mass (mean ± 2 SD) for
827 women aged 20-80 yr are shown in Figure
1. In this cross-sectional analysis no significant
decline in bone mass was observed until
menopause. At that time changes in mean
bone mass. equivalent to losses > 1%/yr, were
noted among women in the 55-59, 65-69. and
70-74 yr age groups. A. significant increase in
variability was observed in the older women.
When compared according to community,
there were no significant differences in midradius bone mass values among women 2035 yr. However, women 55-80 yr living in the
high fluoride community had significantly less
(;_--5%) mean mid-radius bone mass than
women living in either the low or high calcium
communities and reported significantly less
history of perimenopausal estrogen use and
current thiazide use (Table 2). When adjusted
for these covariates as well as total calcium
intake (including water, food, and supplement), vitamin D intake, and muscle area. covariates previously described as significant
(34), levels of bone mass though lower in the
high fluoride community Were not sufficiently
lower (< 2%) as to be statistically significant

(Fig 2). Findings were similar using bone mineral (g) or bone width (cm) instead of bone
mass (g/cm 2 ) as the variable of interest.
Report of fracture history was also evaluated
according to community of residence as shown
in Table 3. Among women aged 20-35 yr, no
community differences were observed in the
history of fracture frequency. expressed as either lifetime fracture (p = 0.4359) or fracture
within the past 10 yr (p = 0.7599). Women
55-80 yr living in the high fluoride community
reported significantly more lifetime (p
= 0.0660) and current (p = 0.0001) fractures
than did women in the high calcium or low
calcium communities.
To examine a possible dose-response relationship between fluoride intake and bone
mass in the high fluoride community, time of
residence in the community and quantitative
consumption of water-based beverages were
considered relative to bone mass. Years of residence in the high fluoride community and an
estimate of daily fluoride exposure are shown
in Table 4. Years of residence was related negatively and significantly to bone mass (p
= 0.0001) among women 55-80 yr; however,
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TABLE 3
Frequency of fractures among women living in three communities whose drinking waters have differing levels of
fluoride and calcium
High fluoride
Number

Type of fracture

:1

I

Women 55-80
Ever had a fracture
Sites of fracture
hip. wrist, spine
other sites
Fracture in past 10 yr
Sites of fracture in the past 10 yr
hip. wrist. spine
other sites
Women 20-35
Ever had a fracture
Sites of fracture
hip. wrist, spine
other sites
Fracture in past 10 yr
Sites of fracture in past 10 yr
hip. wrist, spine
other sites

Low calcium

High calcium
Number

c

Number

n = 151

n = 173

n = 200

Significance
level

92

46%

61

35%

55

36%

p = 0.0660

. 31
61
57

16%
30%
29%

15
46
14

9%
16%
14%

18
46
10

12%
24%
13%

p = 0.1408

3
54

2%
27%

,
/-.,

I%
13%.

3
17

2%
11%

. p = 0.0006

31%

12

28%

9

21%

p = 0.4359

6
21
8

7%
14%
9%

I
11
3

27,
26%
7%

1
8
5

2%
19%
11%

p = 0.5436

8

9%

3

7%

5

11%

p = 0.7599

2. 7

n = 43

0 = 43

n = 85

when age was added to the model, time of
community residence was no longer significant. Likewise, time of community residence
was not a significant predictor of fracture history after adjusting for the covariates of age.
muscle area, and estrogen or thiazide use in
the 55-80 yr age group.
Years of residence multiplied by reported
typical beverage consumption (expressed as
quartiles of the distribution) was related to

p = 0.000 I

p= 0.7599

bone mass. The contribution of the fluoride
exposure categories was marginally significant
at the p <0.10 level with the least square mean
of each quartile 0.657. 0.675. 0.684, and 0.666
with n = 417.
Mean bone mass of women in the upper
quartile of fluoride exposure tended to be significantly less (p = 0.0665) than mean bone
mass of women in the third quartile and less
than the mean value of women in the second

TABLE 4
Duration of residence and average daily fluoride intake considering amount of fluid consumed (but not food) and
reported water conditioning of participants living in the high fluoride community
Fluoride intake

Duration of residence
Age group

ii

Mean

SD

Min-Max

Min-Ma'

Mean =SD

mg/day

0.7-7.6
5-77
5.0 ± 2.1
411
25 ± 17
Overall
1.9-7.6
4.4 = 2.4
7-24
20-24
20± 5
1.4-7.6
4.5 = 2.2
5-29
13± 8
25-29
34
1.9-7.6
5.0 = 2.3
5-33
12± 8
30-34
36
/4
1.4-7.6
4.8 = 2.3
5-39
15± 9
35-39
1.9-7.6
5-44
5.1 = 1.7
40-44
16 ± II
33
1.9-7.6
5.9± 1.9
5-49
24 ± 11
45-49
36
0.7-7.6
5.6±2.2
8-53
47
50-54
30 ± 13
5 . 2 4- /.,
0.9-7.6
6-59
30 ± 16
55-59
30
1.2-7.6
5-64
5.2 = 2.2
37
29 ± 16
60-64
0.9-7.6
4.6.t 1.1
5-67
42
33 ± 17
65-69
0.9-7.6
4.6 ± 2.2
5-71
70-74
50
31 = 20
1.4-7.6
5.0± 1.8
5-77
75-80
41
31 = 22
• This represents an upward limit of eight glasses to the response of consuming eight or more glasses/day.
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quartile though not significantly so. This relationship is observed following adjustment for
age. humeral muscle area. current thiazide use.
history of estrogen use, and menopausal state.
The quartile categorization of fluoride exposure was not associated significantly with an
increased probability of recent or lifetime
fracture history after considering the important covariants. The argument for existence of
a maximum optimum fluoride exposure
would be strengthened if there were increased
fractures associated with the highest fluoride
exposure quartile.
We examined the impact of fluoride exposure on bone mass considering calcium and
vitamin D intakes. When calcium. vitamin D.
and fluoride intakes as continuous variables
were related to bone mass in a linear regression
equation, significant interactions were observed. To accommodate these interactions
dietary calcium and vitamin D intakes were
dichotomized at the Recommended Dietary
Allowances, 800 mg and 400 IU. respectively.
Fluoride intake was dichotomized at the median intake of the high fluoride community.
An analysis of covariance using a four-level
variable representing the calcium and fluoride
categories showed premenopausal women (n
= 154) in the lower fluoride groups had greater
mean bone mass irrespective of the calcium
intake. However, if fluoride intake was greater
than the median, higher calcium intake appeared to promote greater bone mass (0.737
± 0.008 vs 0.725 ± 0.008, p = 0.0634). We
used an analysis of covariance with an 8-level
variable to represent the categories of calcium
intake, vitamin D intake, and fluoride exposure. Premenopausal women with less calcium
and vitamin D intakes and greater fluoride intake (n = 16) had significantly lower mean
bone mass than mean values of women in the
other groupings (0.715 ± 0.017 vs 0.744
± 0.004. p = 0.0470). No consistent interactions of the three nutrients in relation to bone
mass were observed in bostmenopausal
women after considering important covariants.
Discussion
This investigation of bone mass and history
of fracture indicates that intake of water pro-
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viding -. 4 mg/L of fluoride apparently does
not promote greater maximal bone mass and
fewer fractures in young adult women or in
postmenopausal women in a population-based
setting. Conversely, mean bone mass was
lower, though not significantly so. in women
aged 55-80 yr living in the high fluoride community as compared to mean values from
similar women living in communities where
the water is fluoridated to a level of 1 mg/L.
Furthermore. there was a history of more frequent fractures among women in the community with greater fluoride in drinking water
as compared to women in the other two communities. The substantial differences in fractures still could be associated with the highly
different prescribing practices for estrogen and
thiazide medications in the three communities
though variables representing use of these
medications were considered as covariates in
all analyses. We had anticipated a greater
number of hip, wrist, and spine fractures in
the postmenopausal women. We attribute the
lesser numbers to use of fracture history rather
than use of spinal films: however, there is no
reason to expect a significant underreporting
bias.
There was no effort made to evaluate the
potential importance of fluoride exposure in
early childhood vs adulthood relative to bone
mass. The number of women with early life
exposure was too small for appropriate analyses.
A positive influence of fluoride on bone
mass was suggested by studies of the 1950s
and 1960s when radiography was the only
means for study of bone mass. Leone et al (3)
examined twice in 10 yr a limited number of
residents (age 45+) of two communities in
which the water supplies contained either 0.4
or 8 mg/L fluoride: fewer cases of osteoporosis
were. reported from the higher fluoride area
than from the lower fluoride area. These same
investigators (4) observed a much higher incidence of osteoporosis in Framingham. Massachusetts, where the water has only trace
amounts of fluoride than in several west Texas
communities where water fluoride concentrations were much higher. Unfortunately, the
study populations were poorly described, and
there was no adjustment for confounding factors such as sunlight exposure. race, ethnicity.
and dietary pattern.
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Bernstein et al (6) contrasted lumbar roentgenograms from 300 male and female volunteers living in areas of southwest North
Dakota where water fluoride ranged from 4—
5.8 mg/L with roentgenograms from 715 men
and women from northeast North Dakota living in areas with water fluoride <0.3 mg/L.
More than 50% of subjects, aged 45 yr or older,
had lifetime residence in their respective area,
but mobility was significantly. greater among
residents in the lower fluoride area. The percent with decreased radiographic bone density
and with one or more collapsed vertebrae was
greater in women aged 55 yr or older who lived
in the low fluoride area p <0.01). Men were
observed to have more collapsed vertebrae
than women, but frequency in men was not
associated with type of water consumed.
The study design by Bernstein et al (6) offered the opportunity to control simile of the
geographic, racial, and climatic covariates.
However, the influence of estrogen or thiazide
use and diet could not be included in the statistical analyses available to the investigators
at that time. Their study relied on radiographic
evidence of fracture of the lumbar area (axial
skeleton) and on a 6-category rating scale of
bone density. whereas we used photon absorptiometr-y to measure appendicular skeleton bone mass and a history of fracture at all
skeletal sites including spine. Furthermore, effects of moderate fluoride intake on the axial
and appendicular skeleton may not be identical: it has been shown that trabecular bone,
typified as being more metabolically active, is
more likely to accumulate fluoride than cortical bone (35).
The cross-sectional study design does not
allow us to predict whether the more frequent
fracture, history is due to increased fluoride
exposure or to the interactions of estrogen,
thiazide, diet, and fluoride intake, which appear to result in less bone mass. It is possible
that sufficient fluoride may have been consumed to cause fluorosis in part of the current
population. Levels of ingested fluoride required to produce either increases in skeletal
radiographic density or advanced stages of
fluorosis are ill-defined. Leone et al (5) found
10% of life-long residents of a community in
which the fluoride content of the water supply
was 8 mg/L developed osteosclerosis, and it is
generally assumed that prolonged periods of

exposure to more than 20 mg fluoride/day are
required for fluorosis to develop. It may be
possible that the bone generated by this exposure could have adequate density but be architecturally unsound and susceptible to increased fracture.
Recommendations for levels of fluoride to
promote osteoblastic activity without production of osteosclerosis are complicated by individual response. Riggs et al (36) reported up
to 40% of osteoporotic patients treated with
sodium fluoride were nonresponsive. and this
differential response was not explained by
variations in the severity of the osteoporosis,
fluoride dose, or fluoride bioavailability. They
suggest that fluoride responsiveness may identify a subgroup with impaired osteoblastic
activity contributing to the osteoporosis
pathology.
Other nutrients from diet and diet supplements May contribute to the variability of fluoride response. Fluoride is cleared via the kidney, fecal excretion, and bone-uptake. Greater
calcium intake partially blocks the intestinal
absorption of fluoride promoting greater fecal
excretion and lessened bone uptake (37). Burkett and Jowsey (15) reported that low-calcium
intake secondary to greater fluoride intake resulted in defectively mineralized bone in kittens. Recently, inyestigators using sodium fluoride therapy are also reporting defectively
mineralized bone (38, 39).
Our observations may be related to fluoride
exposure or other unique factors in the three
communities, and we acknowledge the potential for error in the current study. For example,
a greater percentage of women from the high
fluoride community than from the other two
communities participated in the study (89%
vs 76%), and this may have resulted in the
observation of more covertly ill women; however, a health rating question from the interview indicated no significant difference in the
distribution of responses among participants
from the three communities. A year separated
the collection of bone mass values in the high
fluoride community and in the other two
communities. However, the same technician
measured women in all three communities
and used the same standardized procedure for
machine calibration in all three communities.
Furthermore, lower bone mass values were associated with older women, but not younger
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In summary, greater fluoride intake generated by access to communal water with a
naturally-occurring level of 4 mg/L was not
associated with greater bone mass or fewer
fractures. Additionally, substantial fluoride
intake may magnify the need for adequate dietary calcium and vitamin D intake particularly in premenopausal women.
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FLUORIDE AND HIP FRACTURE

This study confirms the relationship between
low levels of fluoride in drinking water and hip
fracture.
Note,
1. Fluoridation concentration 0.11-1.83 mg/L
(natural).
2. Sample size, 3578 subjects 65 and over, hying
at home.
3. Length of residence 41 years. Corrected for
sex, Quetelet Index (measure of fatness, skinny
people more likely to have osteoporosis),
smoking, sport activity, age.
4. Results: PERSONS_LIVING IN AREAS WITH 0.11-1.83 \
MG/L FLUORIDE HAD 86% MORE HIP FRACTURES THAN
THOSE LIVING IN AREAS wrrH 0.03-0.11 MG/I
FLUORIDE. S tatistically significant.

No effect on other kinds of fractures because hip
needs . tensile strength. This is destroyed by
fluoride.
Indebted to Dr. John Lee for asisstance with the
above interpretation.
Richard G. Foulkes, M.D., Lummi Island, WA
March 11, 1995.

Fluorine Concentration in Drinking Water
and Fractures in the Elderly
To the Editor-Although it was initially hypothesized that
fluorine could protect against hip fractures. three recent studies have reported an increase in the risk of hip fractures in
communities exposed to fluoridated water.' 4 and a fourth
suggested no association between water fluoridation and hip
fractures.' Among these studies, three were ecological and
did not take into account major individual risk factors. In
the only study using individual data,' the fluorine concentrations were high (1 mg/L in the control communities and 4
mg/L for the higher-fluorine community).
We report results of a population-based study of the relationship between concentrations of fluorine and calcium in
drinking water and risk of hip fractures or fractures at any
site. Results reported herein are based on the sample of the
Letters 775

Fluorine
005 .0 11
0 ti-1 g3
Calcium
9C•75
75-146
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Paquid study' of normal and pathological aging. which comprised 3777 subjects aged 65 years or older living at home in
75 civil parishes of southwestern France. The mean time that
individuals in the sample had remained in the same parishes
was 41 years. Data about fractures were available for 3578
subjects: 503(14.1%) indicated they had at least one fracture
at any site during the previous 10 years and 70 (1.95%) had
at least one hip fracture. Calcium and fluorine concentrations
\vere measured in water from each parish; data from two
measurements surveys performed in 1991 6 and data collected
routinely since 1991 were used.
All analyses were performed using a multiple logistic regression. Five personal characteristics were studied; age,
sex. Quetelet index (weight in kilograms divided by the square
of height in meters), smoking status, and sport activity. Only
age (odds ratio (OR), 2.5 for 10 years; 95% confidence interval
(CI]. 1.7 to 316), sex (OR, 2.3 for women vs men; 95% CI, -12
to 4.3), and Quetelet index (OR, 0.90; 95% CI, 0.84 to 0.97) were significantly associated with the risk of hip fractures,
and only age (OR, 12; 95% CI, 1.1 to 1.4) and sex (OR, 2.0; 95%
Cl. 1.6 to 2.4) were significantly associated with the risk of
any fractures. These variables were used as adjustment variables in the subsequent analyses.
Two classes of fluorine and calcium concentration were
defined, using the median of the distribution among parishes
as the cutoff point. The main results are shown in the Table.
The risk of hip fractures was significantly higher when water
fluorine concentration was higher than 0.11 mg/L (P=.04),
and this result persisted when using a mixed-effect logistic
regression for taking into account the grouping of the subjects in parishes. No association was found between hip fractures and water calcium (P=.30) and between fractures at any
site and water fluorine (P=.88) or water calcium (P=.50).
Thus, adjusting for major individual risk factors, this study
suggests a deleterious effect of fluorine in drinking water on
the risk of ,hip fracturP . , even for moderate concentrations of
fluorine, and no effect on other kinds of fractures.
Helene Jacqmin-Gadda. PhD
Daniel Commenges. PhD
Jean-Francois Dartigues, MD. PhD
Universite de Bordeaux
Bordeaux. France
1. Sowers MR. Clark MK. Jannausch ML. Wallace P.B. A prospective study of bone
rnmerai content and fracture in communities with differential fluoride exposure. Am
J Epiciemiot. 1991:133:649-660.
2. Danielson C. Lyon J L. Egger M. Goodenough GK. Hip fractures and fluoridation
in Utah's elderly population. /AMA 1992268:746-N8.
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FLUORIDE CONCENTRATION IN DRINKING WATER
AND FRACTURES IN THE ELDERLY
H Jacqtnin-ckla, D Cornmenges and 1-F Dartigues
Bordeaux, France
Abstracted from letter in Journal of the American Medical Association 273 775-776 1995
We report the results of a population-based study of the relationship between
concentrations of fluorine and calcium in drinking water and risk of hip fractures or
fractures at any site. Results reported herein are based on the sample of the Paquid
study of normal and pathological aging, which comprised 3777 subjects aged 65
years or older, living at hono in 75 civil parishes of southwestern France. The mean
time that individuals in the sample had remained in the same parishes was 41 years.
Data about fractures were available for 3578 subjects; 503 (14.1%) indicated they
had at least one fracture at any site during the previous 10 years and 70(1.95%) had
at least one hip fracture. Calcium and fluorine concentrations were measured in
water from each parish; data from two measurement surveys performed in 1991 and
data collected routinely since 1991 were used.
All analyses were performed using a multiple logistic regression. Five personal
characteristics were studied: age, sex, Queteet index (weight in kilograms divided
by the square of height in meters), smoking status, and sport activity.
Only age (odds ratio, [On 2.5 for 10 years; 95% confidence interval [Cl], 1.7
to 3.6), sex (OR, 2.3 for women vs. men; 95% CI, 1.2 to 4.3), and Quetelet index
(OR, 0.90; 95% CI, 0.84 to 0.97) were significantly associated with the risk of hip
fractures, and only age (OR, 1.2; 95% CI, 1.1 to 1.4) and sex (OR, 2.0; 95% Cl,
1.6 to 2.4) were significantly associated with the risk of any fractures. These
variables were used as adjustment variables in the subsequent analyses.
Two classes of fluorine (0.05-0.11 mg/L and 0.11-1.83 mg/L) and calcium
(8.90-75 ing/L and 75-146 mg/L) concentration were defined, using the median of
the distribution among parishes as the cut-off point
The risk of hip fractures was significantly higher when water fluorine concentration was higher than 0.11 mg/L (OR, 1.86; 95% Cl, 1.02-3.36; P = 0.04), and this
result persisted when using a mixed-effect logistic regression for taking into account
the grouping of the subjects in parishes. No association was found between hip
fractures and water calcium (OR, 1.32; 95% CI, 0.78-2.22; P = 0.30) and between
fractures at any site and water fluorine (OR, 0.98; 95% Cl, 0.80-1.21; P = 0.88) or
water calcium (OR, 1.07; 95% Cl, 0.88-1.30; P = 0.50). Thus adjusting for major
individual risk factors, this study suggests a deleterious effect of fluorine in drinking
water on the risk of hip fractures, even for moderate concentrations of fluorine, and
no effect on other kinds of fractures.
Key words: Bone; Fractures; France; flip fractures; Water fluoride.
Reprints: H Jacqmin-Gadda, Universit6 de Bordeaux, Bordeatur, France.
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It has frequently been stated that
separation of sprues is caused by the use
of certain types of casting machines. (Attention is again directed to the fact that
this paper deals only with direct-pressure
casting machines.) If it is assumed that
the mechanical design of the machine allows sufficient and sustained pressure, the
resulting incomplete castings should be
attributed to the condition of the machine
(and the flask) rather than to the type
of machine. If the asbestos sealing pad
of the machirie is defective or the upper

border of the casting flask is uneven, an
air-tight seal is not insured. Hence, the
pressure may be insufficient or not sufficiently sustained to complete the casting.
This treatise on the causes of discontinuity of metal in sprues during pressure-casting is not written with the idea
of completeness or infallibility, but
rather with the thought of stimulating
interest in the subject to the end that the
problems of the casting process may be
ultimately solved. Criticisms and suggestions are, therefore, solicited.

FLUORINE IN RELATION TO BONE AND
TOOTH DEVELOPMENT*
at.1

By FLOYD DeEDS, Ph.D., San Francisco, Calif.

OR many years, a pathologic condiF tion known as enamel dystrophy, or
mottling of the enamel, has been of
interest to the dental profession, especially in certain areas where the condition is endemic and involves a large perk:
centage of the population. 'Within the
r:
last few years, interest in this pathologic
::.1 ,condition has been intensified by the discovery that fluorine is the etiologic factor.
The history of chronic fluorine poisoning is an interesting chapter in the relationship of public health to chemical elements and compounds capable of inducing chronic intoxication. The time allotted to this discussion does not permit a
complete review of the subject. Instead,
*Presented at the Annual Meeting of the
California State Dental Association, April 9,
1935.
From the Bureau of Chemistry and Soils,
United States Department of Agriculture, at
the Department of Pharmacology, Stanford
University School of Medicine.
Jour. .4

mention will be made of a few of the
main points of interest. For more detailed information, reference is made to
the review published in Medicine.'
Fluorine is one of the most widely distributed elements. In the first mile of
the earth's crust, it is said to rank twentieth. Not only is there a wide distribution of inorganic fluorine, but also, in
vegetable tissues and in the bones and
teeth of man and the lower animals, the
element occurs as calcium fluoride in
proportions ranging from traces up to 2
per cent, or even more. In view of the
wide distribution of fluorine in inanimate
nature, it is not surprising that it is found
in many living forms. Its occurrence in
the bones and teeth of man and the lower
animals has led to the belief that fluorine
plays some important biologic role.
It is entirely possible that the presence
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1. DeEds, Floyd: Medicine, 12:1-60 (Feb.)
1933.
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De Eds—Fluorine in Relation to Bone and Tooth Development
of fluorine in animal tissues is an expression of the inevitable tendency to establish a chemical equilibrium between
the organism and its environment. The
distribution of fluorine in the tissues may
be explained on the basis of its chemical
characteristics. The low solubility of the
calcium salt accounts for its accumulation in the bones and teeth. Fluorine occurs in the mineral apatite in combination with phosphate. It is, therefore, not
surprising that Gautier and Clausmann2
found that th .: fluorine of the tissues is
localized in a specific manner, and that
fluorine accompanies the alkaline earth
phosphates and increases with them.
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age. By feeding rats an experimental diet
in which care was taken to keep the fluorine content at a minimum, the following observations were made: Reproduction was unaffected; the fluorine content
of the bones could be "reduced to between 6 and 25 parts per 1,000,000, and
could be eliminated from the teeth, without showing any gross deleterious effect";
and no change was produced in the calcium to phosphorus ratio in the bones.
This evidence supports the idea that fluorine plays no important useful biologic
rale.
On the contrary, there is an increasing volume of evidence of the injurious

;
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Fig. 1.—Litter mates showing inhibition of growth by 0.1 per cent sodium fluoride in diet.

Studies by Sharpless and McCollum3
furnish information regarding the biologic role of fluorine. They found that
young rats (aged from 16 to 18 days)
contain little, if any, fluorine ; whereas,
adult rats have considerable fluorine in
the bones and teeth, the amount varying
with the diet fed and increasing with
2. Gautier, A., and Clausr-ann, P.: Compt.
Rend. de l'Acad. de Sc., 156:94, 1425, 1913.
3. Sharpless, G. R., and McCollum, E. V.:
J. Nutrition, 6:163 (March) 1933.

effects of fluorine, especially the chronic
intoxication resulting from the ingestion
of minute amounts of fluorine over long
periods of time. The studies conducted
by Dr. Smith and her co-workers at the
University of Arizona have shown that
1 part, and possibly 0.8 part of fluorine,
per million parts of water will produce
definite signs of enamel dystrophy in
children born and reared in an endemic
area. Such data enable us to calculate
the approximate dosage of fluorine per
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unit of body weight per day capable of
producing a definite degree of tooth injury in the majority of children. During
the first six years of life, the body weight
ranges from approximately 7 pounds at
birth to about 40 pounds at the age of 6.
The average weight during this period
is about 25 pounds, or 12 kg. If it is
assumed that the average daily water intake is 1 quart, or 1 liter, a fluorine content of 0.8 part per million parts water
would mean a fluorine intake of 0.0008
gm. per day, which for 12 kg. of body
weight would be 0.07 mg. per day per
kilogram of body weight.

Fig. 2.—Overgrowth of rat incisor. The diet
contained 0.05 per cent cryolite.
It is interesting to compare this value
for the injurious fluorine dosage with
the values that have been determined experimentally for lead and arsenic in the
white rat. Lead acetate added to the
food will check the growth and appetite
of the white rat when a dosage of from
0.0007 to 0.1500 mg. per day per kilogram of body weight is administered.
This wide dosage range is due to variation in susceptibility of the rats and to
variation in the severity of the symptoms. Addition of arsenic trioxide to the
food causes loss of body weight in the

white rat when the dosage is from 0.0015
to 0.0050 mg. per kilogram of body
weight per day. Such a comparison of
toxicity data suggests that fluorine, lead
and arsenic belong to the same group, as
far as ability to cause some symptom of
toxicity in minute dosage is concerned.
Thus far, the ability of fluorine to induce chronic intoxication when administered in minute amounts over long
periods of time has been considered. Let
us now pass on to the general actions of
fluorine and its action on bones and teeth.
Fluorine, a general protoplasmic
poison, exerts a strong inhibitory action
on many enzymes. The more complex
inorganic compounds containing fluorine
are frequently toxic because of a direct
action of the compound itself, or because
of a conversion of the complex compound,
as by hydrolysis, into simpler compounds,
such as the simple fluorides. Similarly,
many organic compounds containing fluorine are toxic because of a liberation of
fluorine in the presence of protoplasm.
Moreover, even in the absence of such
disintegration of the organic molecule
with liberation of fluorine, the presence
of fluorine in the molecule often enhances the toxicity of an organic compound. It has been shown by Lehmann'
that the introduction of fluorine into the
side chain of aromatic compounds, such
as toluene and m-toluidine, increased the
toxicity to frogs.
The toxic effect of fluorine compounds
on yeast has been studied by Effront 5 and
by Arthus and Gavelle.6 The use of antiseptics, especially fluorine, in distilleries has been reviewed by Cluss. 7 Weh4. Lehmann, F.: Arch. f. Exper. Path. u.
Pharmakol., 130:250, 1928.
5. Effront, J.: 1891, J. Chem. Soc., A. 1532,
1891; A. 905, 1892; A. II, 425, 1894.
6. Arthus and GaveIle: Compt. Rend. Soc.
de Biol., 55:1481, 1903.
7. Cluss, A.: J. Soc. Chem. Ind., 13:535,
1894.
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De Eds—Fluorine in Relation to Bone and Tooth Development
mer s has shown that the use of flourine
compounds, particularly hydrofluoric and
hydrofluosilicic acid, and their salts, prevents the growth of saprophytic bacteria
and decay-producing organisms in wood.
These points have a practical bearing on
the public health because of the potential
sources of fluorine toxicity for man.
The toxic effect of fluorides is manifested on many enzymes, those organic
catalysts that may be separated from living, organized protoplasm. Amberg and
Loevenhart° have demonstrated the inhibitory effect of fluorides in high dilution on lipase. Clifford" has shown that
the enzymatic clotting of milk is inhib-
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bility of an interference with metabolism and with the enzymatic processes
associated with normal bone and tooth
formation.
It has been shown in our laboratory"
that fourteen parts of fluorine per million parts of diet will produce a noticeable degree of bleaching of the incisor
teeth of the albino rat, regardless of
whether the fluorine is added to the diet
in the form of sodium fluoride, sodium
fluosilicate, barium fluosilicate or sodium
aluminum fluoride (cryolite). This effect occurs in spite of the marked differences in water solubility of these compounds. Less delicate criteria of toxicity,
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Fig. 3.—Diminution of bone phosphatase activity in fluorine poisoning.

ited by the addition of the fluoride of
sodium, potassium or lithium. The inhibition of coagulation occurs suddenly
and at a definite molarity of added fluoride. A difference of 0.0036 molar
changes the time of clotting, which usually occurs in from five to thirteen minutes, to an absence of clotting in from
four to six hours. The toxic effects of
fluorine on enzymes suggest the possi8. Wehmer, C.: Chem. Ztschr., 38:114, 122.
9. Amberg, S., and Loevenhart, A. S.: J.
Biol. Chem., 4:149, 1908.
10. Clifford, W. M.: Biochem. J., 22:1128,
1928.

such as inhibition of growth, indicate
that the more soluble fluorides are the
more toxic. Figure 1 shows the marked
inhibition of growth caused by the addition of 0.1 per cent sodium fluoride in
the diet for a period of twenty-four days.
In addition to bleaching of the incisors, other effects are induced in the
rat by ingestion of fluorine. The teeth
are more subject to breakage. As a result
of loosening in the sockets, the normal
11. DeEds, Floyd, and Thomas, J. 0.: Proc.
Soc. Exper. Biol. & Med., 31:824-825 (April)
1934.
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apposition of the incisors may be prevented, marked overgrowth resulting.
(Fig. 2.) The rat shown in Figure 2
had been on a diet containing 0.05 per
cent cryolite for three months, although
pronounced bleaching of the incisors and
definite overgrowth was evident at the
end of six weeks.
When examined at necropsy, the ribs
of fluorine-poisoned rats are seen to be
whiter, thinner and more fragile than
those of control rats. Alteration in the
jaw bones caused by chronic fluorine

mechanism of the injury. The work of
R. Robinson" has definitely established
the significance of phosphoric esters in
metabolism and the importance of the
enzyme phosphatase in hydrolyzing these
esters, the liberated phosphate ion being
utilized in the process of calcification.
Because of the action of fluorine compounds on enzymes in general, it seemed
logical to investigate the action of fluorine
on the enzyme phosphatase.
It has been claimed by P. H. Phillips14
that chronic fluorine poisoning of heifers
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Fig. 4.—Exostosis in cattle produced by presence of volcanic ash on vegetation in Iceland.
(Figures 4 and 5 from Nordisk medicinsk tidskrift, Aug. 25, 1934.)

poisoning has been the subject of investigation by W. Pachaly. 12 By vital staining with alizarin, he demonstrated the
interference with calcium deposition in
the maxillary bone.
Biochemical evidence obtained in our
laboratory has given information with regard both to bone injury produced by
chronic fluorine poisoning and to the
12. Pachaly, W.: Arch. f. Exper. Path. u.
Pharrnakol., 166:1, 1932.

and swine is characterized by an increase
in plasma phosphatase. Attempts in this
laboratory to study plasma phosphatase
in rats failed to yield any conclusive results. Therefore, attention was turned
to a study of bone phosphatase.
When the bone phosphatase of fluorine-fed rats was compared with that of
13. Robinson, R.: Biochem. J., 17:286, 1923;
Ergebnisse der Enzymforschung, 1:280, 1932.
14. Phillips, P. H.: Science, 76:239, 1932.
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De Eds—Fluorine in Relation to Bone and Tooth Development

control rats, it was found that fluorine
toxicity was associated with a decrease in
bone phosphatase activity up to age limits of about 30 days. This relationship
exists only under strictly controlled conditions.
The control and experimental rats
must be obtained from litters of the same
size, and within I or 2 days of the same
age. Two rats having litters within one
or two days of each other were selected,
and the larger litter was reduced in number to that of the smaller. Within one

Fig. 5.—Exostosis
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and, after muscle and tendon tissues were
carefully removed, determinations of
bone phosphatase activity were made on
the combined femur, fibula and tibia.
Figure 3 illustrates the correlation between bone phosphatase activity and
fluorine poisoning.
In addition to this correlation, it was
found that the extent to which the bone
phosphatase activity of the experimental
rats deviated from that of the controls
agreed roughly with the deviation of the
growth curve from the normal. The more

produced experimentally in sheep by addition of sodium fluoride to diet.

day after delivery of the litters, one of
the mother rats was placed on a diet containing fluorine, the other mother rat being allowed to remain on the normal control diet. Up to the time of weaning, the
only source of fluorine for the young rats
in the experimental group was the mother's milk.
At five-day intervals, one control rat
and one experimental rat were killed,

the experimental growth curve approximated a normal growth curve, the less the
deviation in bone phosphatase activity.
To what extent can these results obtained in vivo be duplicated in vitro? To
answer this question, and to obtain further information on the mechanism of
fluorine poisoning, the ability of an active bone phosphatase preparation to hydrolyze sodium glycerophosphate in the
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presence of varying molar concentrations
of sodium fluoride was studied. It was
found that sodium fluoride decreased the
activity of bone phosphatase and that the
inhibition was roughly proportional to
the fluoride concentration and could be
demonstrated in a concentration as low
as one two-hundredth molar.
Fluorine toxicity is far from being confined to modern times. Recently, attention was drawn to an article entitled
"Fluorosis in Sheep in Iceland After Volcanic Eruptions,"" giving evidence of
fluorine poisoning in Iceland, 1,000 years
ago. The author shows that the sheep
and the cattle of Iceland have been periodically afflicted with a pecular pathologic condition of the bones after a volcanic eruption. Figure 4 shows the pecular spongy bone growth over the normal
bone in a specimen on exhibit in the museum at Copenhagen, Denmark. Figure
5 shows the apparently identical formation induced by that author by feeding
sodium fluoride to sheep in a dose of 15
mg. of sodium Fluoride per kilogram of
body weight.
In the investigations of Taylor,' 6 Reed
15. Nord. med. tidskr., S :1093-1102 ( Aug.
28) 1934.
16. Taylor, G. E. T.: Mich. Agr. Exper.
Sta., Quart. Bull., 2, 1929, p. 101.

and Huffman/ 7 and Phillips. Hart and
Bohstedt, 18 exostosis of the long bones
was produced in dairy cows by feeding
diets containing fluorine.
CONCLUSION

Fluorine is one of the widely distributed elements. It occurs in many foods
in small amounts. It occurs in many
water supplies, and. in certain regions.
its presence in the water is the cause of
mottling of the enamel of the teeth.
Fluorine is a general protoplasmic
poison, but the most important symptoms of chronic fluorine poisoning
known at present are mottling of the
teeth and interference with bone formation.
It is virtually impossible to avoid a
small fluorine intake, just as it is virtually impossible to avoid a small lead intake, but when the threshold value is exceeded, as it is in drinking water containing one or more parts of fluorine per
1,000,000, detectable signs of toxicity appear.
17. Reed, 0. E., and Huffman, C. F.: Mich.
Agr. Exper. Sta., Tech. Bull., 1930, p. 105.
18. Phillips, P. H.; Hart, E. B., and Bohstedt, G.: Univ. Wisconsin Agr. Exper. Sta.,
Res. Bull., 1934, p. 123.
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allowing hardly any space for bone marrow. The above-described changes
are seen clearly on the pelvis (Fig. 5b): a projection of the muscular
attachments on the iliac crest and pubic bone, ossification of the sacroiliac joints, of the pubic symphysis and of the ligaments of the pelvic
floor. Peripherally, ossifications occur at muscular attachments.
Saw-blade-like appositions are found at the inferior surface of the ribs
between ulna and radius (Fig. Sc) and between the tibia and fi b ula. The
long bones exhibit an increase in bone substance at the cross section with
distinct thickening of the whole corticalis (Fig. 6).
Fig. 5
E. W., Fluorosis Stage III

5a. Macerated preparation of spine

Sb. Macerated preparation of pelvis
FLUORIDE
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Osteoporosis

FDA Committee Spurns Fluoride
Advisors said N1H-funded teams' finding that fluoride doesn't prevent fractures
outweighs French data on which other experts had based an endorsement.

Bone mass no help. Although bone
Rockville, Md.—He'd recommend that
mass increased significantly in the fluthe FDA "quietly forget about fluoride cohort, the teams found no statisoride" if something else promising
tically significant differences in vertewere on the horizon, the chairman of
bral fracture rates. Moreover, more
an FDA advisory committee said here
after his group reviewed fluoride's efnonvertebral skeletal lesions were obfect on fracture incidence.
served in the fluoride-treated patients,
Dr. Saul Genuth, director of the rawho also had a higher incidence of
dioimmunoassay laboratory at Clevepainful lower extremity syndrome.
land's Mt. Sinai Hospital, said he reThe "big issues" for the FDA, acgretfully joined in the
cording to Dr. Solomon
endocrinologic and metSobel, director of the
abolic drugs advisory
agency's division of mecommittee's unanitabolism and endocrine
mous opinion that fludrug products, are
oride has yet to prove
"bone integrity and
its worth in the treatquality and whether it's
ment of postmenopauworth going after trasal osteoporosis. The
becular bone if you get
opinion contradicts otha qualitative defect in
er experts' laudatory
the hip that induces
consensus statement
fracture." He noted
that appeared in a jourDr. Kleemkoper said the NIH
that findings from the
nal the same week.
teams found no evidence that
N I H study of immediAsked to assess the
fluoride enhanced spinal bone at
ate-release sodium flustatus of fluoride therthe expense of hips.
oride would also apply to
apy as revealed in ranthe "slow-release and
domized,
controlled
wax-matrix types" and
clinical trials, the FDA committee was
other fluoride formulations now wendnot acting on any specific new drug aping their way through the FDA pipeline.
plication. It based its opinion on the reDr. Kleerekoper reported that corticently completed N1H-sponsored trial
cal bone mass regression over time was
of long-term, immediate-release sodisimilar in both groups. Hip fracture
um fluoride. The results of the study,
rates were not statistically distinctive.
reported earlier this fall at a bone reThe advisory committee also took a
search meeting in Montreal (NtwN,
second look at a French team's findOct. 23, p. 42), were presented to the
ings, published in The Lancet last
committee by Dr. Michael Kleereyear, which showed a sodium fluoridekoper, head of the bone and mineral
related decrease in new vertebral fracdivision at the Henry Ford Hospital in
tures over a two-year period. The fluDetroit, and Dr. L. Joseph Melton III,
oride advantage was manifest between
head of clinical epidemiology at the
months six and 18, the advisors noted;
Mayo Clinic in Rochester, Minn.
but between months 18 and 24, the

percentage of patients sustaining new
fractures was the same-18% in the
fluoride-treated group and 17% in the
nonfluoride group—suggesting that
the benefit diminished over time.
Advisory committee member Douglas
Greene, professor of internal medicine at
the University of Michigan in Ann Arbor, said the "apparently transitory effect raises the question of different
dosages or cyclic therapy." He said
that earlier intervention might have
been more successful in the NIH study.
Dr. Genuth agreed, noting that the
patients were 22 years past menopause, on average, and "perhaps past
the point of easy reversal."
Outdated opinion. The French team's
results were the basis for a consensus
statement, published in the Oct. 15
Annals of Internal Medicine, in which
a group of international investigators
endorse fluoride therapy. Reflecting
data from the only randomized, controlled trial completed at the time it
was formulated, the statement suggests strategies for fluoride use "in
countries in which that use has not
been formally approved."
At the FDA committee meeting,
Dr. David Baylink, one of the pro-fluoride statement's authors, said he'd try
to get it withdrawn or modified. The
Annals issue, however, was already
printed and appeared three days later.
Dr. Baylink, a professor of medicine
at Loma Linda (Calif.) University,
called the lack of a relation between
bone density and fracture frequency
"one of the most disturbing aspects" of
the NIFI data, which had not been
available when his group acted.
-FRAN POLLNER

Medical World News • November 13, 1989 25
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FLUORIDE AND BONE — QUANTITY
VERSUS QUALITY
POSTMENOPAUSAL osteoporosis is a major public
health problem, whose impact i3 expected to reach
epidemic proportions during the early part of the next
century as the population ages. Consequently, whereas the prevention of bone loss will probably remain
the most effective approach to therapy, efficacious
treatment of patients who have already had fractures
is sorely needed. The ideal therapy would eliminate
the risk of future fractures by restoring bone mass and
repairing the alterations in architecture that had already occurred. Current treatments such as those using estrogen and calcitonin are antiresorptive — that
is, they act by preventing further loss of bone — but
treatment with neither of those agents results in much
net gain of bone mass or repair of bone structure.
Great hope, therefore, has been placed on sodium fluoride, an agent known to increase bone density, especially in the spine.' Unfortunately, the use of fluoride
is often associated with side effects, including abnormalities of bone structure. Fluoride is incorporated
into hydroxyapatite, altering the size and structure of
the crystals and perhaps thereby decreasing the mechanical competence of the bone. When calcium intake is inadequate, the administration of fluoride also
results in an impairment of mineralization. The bone
formed in response to fluoride use may be somewhat
disorganized, at least before remodeling, resembling
immature woven bone rather than adult lamellar
bone. Therefore, although the risk of fractures normally rises as the bone mass declines, increases in
bone mass with fluoride treatment may not reduce
fracture rates.
Until recently, there had been almost no well-controlled studies of the effects of fluoride in women with
postmenopausal osteoporosis that used fracture frequency as an end point. In the early 1980s, with this in
mind, the National Institutes of Health requested proposals for clinical studies of fluoride in the treatment
of osteoporosis. The results of one such study appear
in this issue of the journal.' The randomized, placebocontrolled, double-blind study of Riggs et al. was designed to determine whether sodium fluoride given at
doses of 75 mg per day (60 mg and 90 mg on alternate
days) would alter bone mass and reduce the rate of
fractures over a four-year period in women with postmenopausal osteoporosis. Although bone density in
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the lumbar spine increased by approximately 35 percent in the fluoride-treated women, the overall rate of
vertebral fractures did not decrease significantly, implying that the new bone was structurally unsound.
These women had a smaller change in bone density in
the femoral neck and a worrisome but not statistically
significant increase in the rate of hip fractures. There
has been a disputed suggestion that fluoride treatment
increases the risk of hip fracture, and a surprisingly
high frequency of such fractures among treated patients was found in one study.' The increased number
of peripheral fractures in the fluoride-treated group is
equally disturbing. Although most were incomplete
fractures, the relative risk for complete fractures was
twice that in the placebo group. Besides the study's
failure to establish the efficacy of fluoride against
fractures, there was a high incidence of side effects,
primarily gastrointestinal distress and a pain syndrome of the lower extremities. Eleven of 19 patients
with the latter problem had incomplete fractures at
the site of pain, but the underlying cause of this
syndrome in the others remains obscure. Unfortunately, the study did not include quantitative histologic data that might have aided the interpretation
of the results, nor were the results compared in the
women who had increased bone mass and those who
did not.
The inescapable conclusion from this study is that
sodium fluoride in the dosage used is not an effective
or safe treatment for postmenopausal osteoporosis.
The results were similar in a parallel but smaller study
of similar design carried out at the Henry Ford Hospital in Detroit.' Attempts to combine the data by using
techniques of meta-analysis might be helpful in clarifying the findings that were not statistically significant
in the two studies. Other studies have suggested that
fluoride therapy is beneficial in postmenopausal women with osteoporosis, but a detailed review of the literature reveals mixed conclusions. Among recently
published reports, a multicenter study conducted in
France found no significant decrease in the occurrence
of vertebral fractures in women treated with fluoride
(50 mg per day as enteric-coated capsules) as compared with women treated with several standard regimens, but the probability of having a new fracture was
significantly lower in the fluoride group according to
survival analysis.'
It is easy to find contentious issues in any clinical
study of therapy for osteoporosis, and the several recent fluoride studies are no exception. The arguments
will focus on the dosage, preparation, and duration of
treatment. Other fluoride preparations, such as monofluorophosphate or slow-release capsules, or lower
doses remain options for future investigation. However, it is important to note that the restoration of
bone mass with fluoride, regardless of dose or preparation, cannot be taken as a surrogate measure for
reduction of the fracture rate. Indeed, these studies
raise the broader question of whether any therapeutic

846

THE NEW ENGLAND JOURNAL OF MEDICINE

approach that increases bone mass in a skeleton already damaged by discontinuities in trabecular architecture can ever restore mechanical competence. 6 Further investigation of the basic effects of fluoride is
clearly warranted, however, since fluoride remains
the only agent that can induce the formation of new
bone, apparently by acting as a specific mitogen for
bone cells.' Finally, the issue of whether the addition of fluoride to more standard antiresorptive regimens is beneficial remains untested in prospective
studies. Nevertheless, until studies designed as rigorously as that of Riggs et al. are performed with other
preparations, formulations, or dosages, it is difficult to
recommend the continued use of fluoride in clinical
practice.
Thus, we do not yet have an ideal therapy for postmenopausal osteoporosis. The mainstays of such therapy — estrogen (with a progestin for women who have
not had a hysterectomy) and calcitonin — are most
effective if given early to prevent bone loss. 7.8 At that
stage, estrogen has antifractuie efficacy, the effect being most marked in women receiving long-term therapy. Recent evidence that validates the use of bonemass measurements in predictions of the risk of
fractures allows the physician to target treatment to
postmenopausal women with low bone mass.' The
wider use of estrogen will depend on other issues, such
as its role in preventing ischemic heart disease or as a
risk factor for breast cancer.' Estrogen treatment also
appears to slow the rate of bone loss in more elderly
women and those who have already had osteoporotic
fractures.' Calcitonin must be given by subcutaneous
injection, thereby limiting its usefulness, though intranasal administration may surmount this limitation
if its efficacy is confirmed!' However, there have been
no prospective, controlled studies of the recurrence of
fractures in patients with osteoporosis who are given
either estrogen or calcitonin. The impression that patients treated with estrogen sometimes feel better is
related in part to the effect on other systems rather
than to the inhibition of bone loss. The analgesic effect
of calcitonin is also beneficial. In addition to the use of
antiresorptive agents, attention must be given to the
adequacy of calcium intake and rehabilitation for patients with fractures, including physical therapy and
strategies to reduce falls.
Unfortunately, there are few alternatives to these
two antiresorptive agents. The intermittent or continuous use of diphosphonates, which also have antiresorptive properties, may be no better than the use of
estrogen or calcitonin. One diphosphonate drug, etidronate, clearly represents an appealing treatment,
because it is effective when given orally and has few if
any extraskeletal effects. The manipulation of the re:
modeling cycle by the cyclic administration of agents
that activate and then inhibit remodeling (coherence
therapy) remains a hypothetical, unproved concept.
Similarly, the value of parathyroid hormone or its
analogues and 1,25-dihydroxyvitamin D, agents that
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may stimulate bone formation, has not been proved.
Finally, the use of growth factors or other cytokines,
even if feasible, remains years away.
The current studies emphasize that there are many
areas in which our knowledge about postmenopausal
osteoporosis is lacking. As a matter of priority, there is
a clear need for targeted research in the areas of bone
biology, age-related bone loss, and the epidemiologic
and pathophysiologic features and treatment of postmenopausal and other forms of osteoporosis. The alternative is a not-too-distant future in which the incidence of osteoporotic fractures will reach epidemic
proportions, and costs may escalate beyond our capacity to pay.
ROBERT LINDSAY,
M.B., CH.B., PH.D.

Helen Hayes Hospital
West Haverstraw, NY 10993
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TAIII.E 2.

Pharinaceutieal Preparations of Vitamin l) (and Active Metabolite)
Ergocalciferul

Dihydrottichysterol

Coleitriol

UHT

Atire n i:Jtion

1.'25(0110),

Calciftirol

Ilytakerol

Calderol

Rocaltrol

a. Capsules: 1.25 mg
h. Liquid: 2t/0
.
C. Intramu,eillar
in.'ectior.• 12.5 mg/ml
cl ,esain,, oti

Tablets: 0.125,
0 200. and 0..100 mg
b. Liquid: 0.250 nigiml

Capsules: 20
and 50 ;L i;

Capsules:
and

r.ca to reach maximum
utTvuts

4-10 weeks

2-4 weeks

4-20 weeks

vz--1 week

Perzistence of biologic efirct zfler cessation

6-'30 weeks

2-8 weeks

4-12 weeks

11,-1 week

:T rie name
Nat;e for rn

1 .25 , 011), D ; are approved by the FDA. ler treatment nf hypoparathyroidism. FDA approved uses
icr the metabolites of v:tamin D are likely to
axrease in the future.
As summarized in Table 3, the pathogenetic
vchanisms for rickets and osteomalacia are
figly numero us. The correct therapeutic regimen
(which may involve a choice of vitamin D, or one
j its metabolites, in a very great range of theri ptutic doses) will 'depend upon a correct diagDosis and understanding of the mechanism for
any underlyin g aberration in vitamin D stores or

TABLE 3.

Pathogenesis of Rickets
and Osteomalucia

L Vitamin D deficiency
A. Primary-lack of sunlight exposure with insufficient dietary supplementation
B. Secondary-gastrointestinal. pancreatic, and hepa.
tobiliary disorders that disrupt the enteruhepatic circulation of vitamin D
and result in its malabsorption
11. Increased catabolism of vitamin D
A. Enzyme induction by anticonvukant drugs
a t Vitamin 11-dependent rickets-impaired conversion of
251011)D to 1.25(01-1)D or peripheral resistance to
1.25(011)-,0
A. Vitamin D-dependent rickets (Type 1)
B. Vitamin 1i-4iependent rickets (Type 11)
iv. Hypophosphatemic rickets and osteomalacia
A. Sex•linked hypophomplintemic rickets (SL11R1
B. Oncogenic
C. Antacid-induced
D. Sporadic
E. Fancuni's syndrome
V. Nletalinlic acidosis
VI. Kenai failure
VII. Calcium deficiency rickets
%III. Inhibitors of hone mineralization

T

A111111111(1111

C. 1)1:11 g lium elidrijnae
Miscellaneous
IX.
A. Hypophosphatasia
B. Fibrogenesim imperft..cta osmium
C. Axial osteumalacia

metabolism. The appropriate dose and route of
administration of vitamin D 2 , or some of the more
recently available vitamin D metabolites
125(OH)D 3 and 1,25(OH) 2 D 3 1, will depend upon
successfully identifying and then correcting or
circumventing the precise defect in mineral
metabolism. Significant consequence (hypercalcemia, hypercalciuria, nephrocalcinosis, and renal failure) can result from improper diagnosis
and therapy.
The clinician should recognize that the active
metabolites of vitamin D have the theoretical
advantage of circumventing a defect in vitamin
D metabolism. Furthermore, each metabolite has
a more rapid onset of action and shorter biologic
half-life than the parent sterol. However, they
are also more expensive. Also be aware that
several preparations are available for calcium
and inorganic phosphate supplementation in the
treatment of rickets and osteomalacia (Tables 4
and 5, respectively). Oral calcium supplements
that are composed of carbonate salt are less
expensive (for equal amounts of elemental calcium) than other preparations (gluconate). Although liquid preparations for inorganic phosphate supplementation are least expensive, I
have been pleased with the patient acceptability
and tolerance of K-Phos-Neutral tablets, which
seem to cause less diarrhea.
Although measurement of circulating vitamin
D, and D., levels would seem to provide the most
direct biochemical way to assess vitamin D status
before treatment, assays for the parent sterols
are not readily available. Measurement of the
circulating 25-hydroxyvitamin D [25(011)01 concentration is currently the best way to evaluate
vitamin I) stores; these assays measure 25(01110.,
and 25(01I)De, together. Accurate assays fur circulating 25(OH)D and 1,25(OH),D levels are now
readily available in commercial laboratories.
Appropriate follow-up visits are necessary for
all treatable forms of rickets or osteomalacia, but
the intvrval between visits will depend upon the
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PUBLIC HEALTH SERVICI

TABLE 23

Preclinical and clinical stages of human skeletal fluorosis
and correlation of bone ash fluoride concentration

DEPARTMENT OF HEALTH AND HUMAN SERVICES
FEBRUARY 1991

ASH
CONCENTRATION
(mg F/kg)

OSTEOSCLEROTIC PHASE

500- 1.000

Normal Bone
Preclinical Phase
asymptomatic;
slight radiographically-detectable
increases in bone mass

3,500 - 5,500

Clinical Phase I
sporadic pain; stiffness of joints;
osteosclerosis of pelvis &
vertebral column

6,000 - 7.000

Clinical Phase II
chronic joint pain: arthritic symptoms;
slight calcification of ligaments;
increased osteosclernsis/cancellous bones:
with/without osteoporosis of long bones

7,500 - 9.000

>8,400

Phase III: Crippling Fluorosis
limitation of joint movement;
calcification of ligarnents/neck,vert. column:
crippling deformities/spine & major joints:
muscle wasting;
neurological defects/compression of spinal cord
(Adapted from: Smith and Hodge, 1979; Franke et al., 1975; Schlegal, 1974)

Human Skeletal Fluorosis
The preclinical and three clinical stages of skeletal fluorosis (Smith and Hodge, 1979) are described in
Table 23, along with reported correlations of accumulated fluoride in bone ash to the osteosclerotic
phase (Franke et al., 1975: Schlegal, 1974). The earliest bone changes associated with skeletal
fluorosis are radiographic enlargements of trabeculae in the lumbar spine. These preclinical findings
have been associated with bone ash fluoride concentrations of 3,500 to 4,500 ppm. Singh and Jolly
(1970) reported that osteosclerosis in the pelvis and vertebral column, coarse trabeculae, and diffuse
increased bone density of clinical phase I are seen in industrial cases but rarely are reported in areas
where fluorosis is endemic. Most of the latter cases show the more severe changes of phases II or the
crippling fluorosis of phase III. Bone changes observed in human skeletal fluorosis are structural and
functional, with a combination of: 1) osteosclerosis, the predominant lesion in fluorosis patients who
have an adequate dietary intake of calcium: 2) osteomalacia, which predominates in patients who have
a marginal or suboptimal dietary intake of calcium; 3) osteoporosis and exostosis formation of varying
degrees; and 4) secondary hyperparathyroidisrn in a proportion of patients (Krishnamachari, 1986).
Boivin and coworkers (1988) reported measuring bone fluoride content from iliac crest bone to
determine the degree of fluoride retained in bone . and, over time, the amount of fluoride eliminated.
Subjects with skeletal fluorosis primarily of an industrial etiology, had bone fluoride values over 0.50
percent of bone ash by weight, and the values were always statistically higher than the highest control
value, 0.10 percent (p 4- 0.001). Fluoride retention in bone appeared to be higher in cases of greater
fluoride exposure, even if that exposure was difficult to define precisely.
The total quantity of fluoride ingested is the single most important factor in determining the clinical
course of skeletal fluorosis (Krishnamachari, 1986); the severity of symptoms correlates directly With
the level and duration of exposure (Fisher et al., 1989). As most commonly reported for a person to
develop crippling skeletal fluorosis, he or she must ingest 20 to 80 mg/day of fluoride (the equivalent
to 10 ppm fluoridated water) for 10 to 20 years (Hodge and S ith
, 1965; Hodge, 1979; WHO, 1984;
-45-
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FIGURE 9-6 Fluoride concentration in cortical bone from
midshaft diaphysis of human femora of different ages
from areas supplied with drinking water containing less
than 0.5 ppm. Data of Weatherell and Weidmann (unpublished). (Reprinted with permission from Weatherel1.7°4)

Bone
The relation between fluoride intake and concentration of fluoride in bone has already been discussed. As the intake of fluoride
is increased, either by increasing the dose or by increasing the time
during which a constant amount of fluoride is ingested, the amount
found in the bone also increases. At least 99% of the total body
fluoride content is found in the calcified tissue (bone plus teeth).
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Increased Incidence of Hip Fracture in Osteoporotic Women
Treated with Sodium Fluoride
L. RUNE I IEDLUND and J.C. GALLAGHER

A IISTRACT
There has been controversy as to whether flooride therapy increases the risk of fracture in the appendicular
skeleton. In the present study we compared the incidence of hip fracture in four groups of usteoporotic
women: 22 treated with placebo, 17 with fluoride and calcium, 18 treated with fluoride and calcitriol, and 21
with calcitriol alone. Four hip fractures occurred in 3 patients on fluoride and calcitriol, and two hip frac-

tures occurred in 2 patients on fluoride and calcium. No hip fractures occurred in patients receiving either
calcitriol alone or placebo. The difference in fracture rates for fluoride versus nonfluoride treatment is significant (p 0.006). Moreover, the six hip fractures occurring in patients receiving fluoride during 72.3 pitient
years of treatment is 10 times higher than would be expected in normal women of the same age. The probability of observing six fractures in 2 years is extremely small (0.0003). In four of the hip fracture cases, the
history suggested a spontaneous fracture. These findings suggest that fluoride treatment can increase the risk
of hip fracture in osteoporotic women.

INTRODUCTION
C ODIUM FLUORIDE liAS awl REPORTED to stimulate bone forS mation"-') and prevent vertebral fractures in osteoporotic

women.• In one study, however, more femoral fractures
than expected were observed in fluoride-treated ogeoporotic
women.( Also, fluoride treatment has been reported to result
in stress fractures or microfractures of the femoral neck, tibia.
and calcaneum. o• Since the incidence of hip fracture in ostooporotic women is not known and since none of the studies have
included controls, there is controversy as to whether fluoride
therapy increases the risk
fracture of the appendicuLtr skeleton. In the present study we compared the incidence of hip
fracture in osteopom(ic women treated with fluoride and calcium or fluoride and I.25-dihydroxyvitamin I), (calcitriol)
with that of women treated with calcitriol alone or a placebo.

a

PATIENTS AND METHODS
In postmenopausal ostcoporotic women the occurrence of
hip fractures was monitored over a period of 2 years in 35

fluoride-treated patients: 17 were randomized to sodium
fluoride and calcium and 18 to sodium fluoride plus calcitriol
(study I). In study 11..43 patients were randomized doubleblind to either calcitrinl (a 21) or placebo (a 22) and
followed for 2 years.
Sodium fluoride. 50 mg/day, was given in slow-release
form (Mission Pharmaceutical. TX) and was taken continuously for each 12 months followed by 1 month off. In study
fluoride was supplemented either with 1500-2000 mg Calcium
per day in addition to the diet or with calcitriol. 0.5 p.g/day. In
study II. the average daily dose of cal -citric)! wai 0.67 p.g/day.
The placebo resembled the CSICitfi01 Carratletti.
All women had at least one nontraumatic vertebral fracture
but no hip fractures before entering the study. A vertebral fracture was defined if any of the anterior vertebral heights in the
thoracic and lumbar spine were below the normal range (mean
± 2SO). or if the reduction in the anterior coniparcd to posterior vertebral height was below the normal range (mean
2SD) as previously described by us." All patients underwent
an iliac crest bone biopsy after tetracycline labeling, and all
causes of metabolic bone disease other than osteoporosis were
excluded. Bone histomorphometry was performed before

Creighton University. Omaha. NE. 68131.
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ocattuctit and after I year tit assess the response of hone to this
Hey. preparation of fluoride. Total . tiody mineral density
( FU MI) ) was measured by dual-photon absolptiontetry (D1'4.
Lunar Radiation CO. ).""
her of hip fractures was calculated flout
The expected n
theag-spcifnderatoRchs,Mineta.°'
According to the agc distribution Of our patients and the duration of treatment. the expected number of hip fractures was
0.52 in the fluoride-treated group and 0.55 in the nonfluoride -treated groups. 'Illus. the two groups wcrc comparable regarding thc risk for hip fracture (Table I).

RESULTS
The period of observation was 72.3 patient-years (mean 2.1
years per patient) for the fluoride-treated group. 42.0 patientyears (mean 2.0 years per patient) for thc calcitriol-only group.
and 5n.5 patient years (mean 2.3 years per patient) for the
placebo group. Because no hip fractures or any other fracture
occurred in the calcitriol or placebo group. their results were

pooled. Thus, in the combined group of patients on placebo or
calcitriol there were 92.5 patient-years of therapy in 43 patients.
In the fluoride-treated groups, six- hip fractures occurred
among 5 patients, resulting in a hip fracture incidence of 6.9%
(5/72.3). Of the six fractures, four occurred in the fluoridecalcitriol group and two of the six fractures in the fluoride-calcium group. One patient sustained bilateral hip fractures. first
a left femoral neck fracture, followed by a right intertrochanteric fracture 1 year later. In four of the six hip fractures the
history strongly suggested that the fracture occurred spontaneously before the associated fall (Table 2).
In one patient there was a concurrent fracture of the distal
radius and in another patient a concurrent fracture of the proximal humerus. A sixth patient sustained a fracture of the lateral
tibial condyle in the fluoride-calcium group. None of the fractures were stress fractures, and all required .appropriate surgical treatment. Prior to treatment bone histomorphometry
showed high bone turnover in patient I (percentage osteoid
surfaces = 44%). After 12 months of treatment there was an
average increase in the percentage of osteoid surfaces from 18
to 32%; however, there was no obvious difference in the histological appearance of bone of those who developed fractures
compared with those who did not.

The two Iltunide groups were compared to the two nonfluoride irc..atmetil groups. First. the fracture rates were compared using the mional approximatiou to the Poisson distribution. There was a sig.nitleant difference in hip fracture rates
between the groups using this test if'
Second. we compared the number of women having one or
more fractures in the two groups; 5 of 35 women in the
fluoride groups versus 0 of 43 women in the non•fluttride
groups sustained a hip fracture. Using Fisher's exact test a significant difference was observed (p = 0.015).
The observed incidence of hip fractures from Olmsted
County. Minnesota."" was applied to our study group. Only
0.55 fractures would have been expected in the 2 years of
follow-up. Given tltis fracture rate the probability of observing
six or more fractures in the fluoride group is extremely small
(0.0003)..

D

IS CUSS I( )N

In comparable groups of osteoporotic women treated . for at
least 2 years, we observed six hip fractures in 5 of the 35
fluoride-treated patients and 0 fractures in 43 patients on calcitriol or placebo. If one were to assume no effect of calcitriol or
fluoride treatment on the hip fracture risk in osteoporotic
women, then equal numbers of hip fractures should be expected in the fluoride and non-fluoride-treated patients. Thus.
it is unlikely that the distribution of fractures was purely by
chance, and the probability of observing six fractures is extremely small (0.0003). Also, the observed number of hip
fractures in the fluoride-treated group was 10 times higher than
that expected in unselected women of the same age. as calculated from the Rochester hip fracture incidence data"°' or compared to the other two treated osteoporotie groups.
In a previous report on the incidence of hip fracture in 418
fluoride-treated osteopomtic women (mean age 66.5 years)
followed for 1095 patient-years. the incidence rate was 3.4
times higher than expected in women of the same age in Rochester. Minnesota." Gutteridge et al.'" reported II spontaneous hip fractures in 16 fluoride-treated patients: 6 occurred
in the femoral neck and 5 in the shaft. Briancon and Meunier")
reported 12 peripheral fractures among 74 patients treated for 2
years with 50 oig sodium fluoritk. 1 g elemental calcium, and

TABLE I. DESCRIPTIVE DATA ON PATIENTS TREATrn wmm PiuORIOE ANO CALL-111410i. OR PLACER() (MEAN VALUES GIVEN)

(years!

Number
vertebral
fractures

tgicdr2

Expected
number of hip
fractures

72.3

2.1

4.1

0.829

0.52

92.5

2.2

4.3

0.822

0.55

Duration

Fluoride
Calcitriul
or placebo

of therapy

Age

Patient
years

35

67.7

43

69.7

'Total body mineral density.
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l'atient

Age

with*

Mouths of
therapy before
fractures

1

63

Calcitrinl

24

Calcium

15

Intertrodianteric

Fluoride
combined

2

Type ,if hip

Calcium

20.

Intert rochatueric

4

79
80
82

Calcitriol
Calcitriol
Calcitriol

23
39
35

FCIII4aral neck
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Clinical Trial of Fluoride Therapy in Postmenopausal
Osteoporotic Women: Extended Observations
and Additional Analysis
B.L. RIGGS,' W.M. O'FALLON, 2 A. LANE, 2 S.F. HODGSON,' H.W. WAHNER,3
J. MUHS,' E. CHAO,' and L.J. MELTON, HP

ABSTRACT
In a 4 year clinical trial in 202 postmenopausal osteoporotic women receiving NaF at 75 mg/day or placebo
(both groups received supplementary calcium at 1500 mg/day), we found (N Engl J Med 322:801, 1990) that
NaF increased bone mineral density in the lumbar spine (LS-BMD) substantially but did not decrease vertebral fracture rate (VFR), and it increased the nonvertebral fracture rate. Additional analyses and extended
observations are now available on 50 women from the NaF group followed for up to 6 years of treatment. In
these women, LS-BMD increased linearly over the 6 years (median rate, 8.7 07o/year or 0.063 g/cm2/year).
Because during the 4 year trial the NaF dosage was decreased (because of side effects) in 54 of the 101
women randomized to NaF, dose-response relationships could be evaluated. For the entire study population,
serum F level correlated directly with increase in LS-BMD (r = 0.61, P < 0.001). When individual personyears of observation were grouped by deciles of LS-BMD, VFR (per 100 person-years) decreased to a nadir
of 24 as mean LS-BMD for the group increased from 0.6 to 1.2 g/cm2 and then doubled to 52 in the group
with mean LS-BMD of 1.6 g/cm 2 . Multivariate analyses and inspection of three-dimensional plots revealed a
complex pattern in which . VFR was influenced by interaction of several variables. When the effects of LSBMD, changes in LS-BMD, and serum F were assessed simultaneously, VFR was seen to decrease with increasing LS-BMD except when the higher LS-BMD was associated with rapid rate of increase in LS-BMD or
a large increase from baseline serum F. For some patients (noncompliers or nonresponders), serum F or LSBMD failed to increase. Thus, it is possible that lower dosages of NaF produce moderate decreases in VFR.

INTRODUCTION

creases the elasticity and strength of bone. Therefore, to
establish the efficacy of NaF treatment in patients with
osteoporosis, it must be demonstrated that NaF treatment
not only increases bone mineral density (BMD) but also
decreases the risk of fracture.
Few studies of the effect of NaF treatment on fracture
rate have been controlled. In these, the results have been
variable, ranging from large increases to moderate decreases."'') There have been only two prospective, randomized, clinical trials whose design allowed the effect of

N CONTRAST TO DRUGS for the treatment of osteoporosis
I that act by inhibiting bone resorption, NaF stimulates

bone formation and is capable of increasing cancellous
bone mass substantially." Because of this property, NaF
is widely used for the treatment of this common disease.
However, F alters the crystal structure of bone and, at
higher doses, may impair bone mineralization." Most(2-41
but not all". " studies in animals have shown that F de.

'Endocrine Research Unit, Division of Endocrinology, Metabolism, and Internal Medicine, Mayo Clinic and Mayo Foundation,
Rochester, Minnesota.
'Section of Biostatistics, Mayo Clinic and Mayo Foundation, Rochester, Minnesota.
'Section of Diagnostic Nuclear Medicine, Mayo Clinic and Mayo Foundation, Rochester, Minnesota.
'Biomechanics Laboratory. Department of Orthopedics, Mayo Clinic and Mayo Foundation, Rochester, Minnesota.
'Section of Clinical Epidemiology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota.
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F on fracture rate to be .evaluated independently of other
variables."°. '" In a 4 year, randomized controlled trial in
202 postmenopausal osteoporotic women, a control group
receiving placebo and supplementary calcium at 1500 Mg/
day and a treatment group receiving 75 mg NaF per day
and supplementary calcium, 1500 mg/day, sponsored by
the National Institutes of Health, Riggs et al."° found a
35% increase in lumbar spine BMD (LS-BMD) in the treatment group by the end of the trial but no significant decrease in vertebral fracture rate (VFR); the nonvertebral
fracture rate was significantly increased, by threefold. In a
parallel study with a similar experimental design, Kleerekoper et al." also found that NaF therapy failed to decrease VFR.
These two studies have been criticized mainly on the
grounds that better results might have been obtained with
"2. "' To address this and other unresolved
lower dosages.
issues, at least in part, we now report data from an additional 2 years of NaF treatment in 50 of the women originally randomized to the NaF treatment group and from
additional analyses of the entire data set.

MATERIALS AND METHODS

Patients and experimental design

focal length and each woman was in a stable position in a
calibrated frame so that her posture and position were
identical at each examination. The vertebrae from T4
through L5 were evaluated. The landmarks on each vertebra were identified, and their position on the lateral radiographs was recorded (coefficient of variation 1.5%) with
an electrostatic digitizing board. A woman was considered
to have a new fracture if any of the three vertebral heights
(anterior, posterior, or middle) had decreased by 15% or
more of the baseline height since the last time the vertebra
fractured or since baseline. Unfortunately, 16 radiographs
of 15 women had to be taken without the special equipment and were not quantifiable.
Fluoride exposure
This was assessed in two ways. First, we counted the unused NaF tablets turned in at the time of a woman's return
visit, usually every 6 months, and calculated daily dosage
by dividing the number of consumed tablets by the interval
between visits ("pill count" method). This method is largely
an index of patient compliance. Second, we measured fasting serum F level at 24 h after the last dose of NaF. This
value reflects the bone-blood equilibrium and is a good index of skeletal F stores. For each women, the difference
between the baseline serum F level and the mean of serum
F measurements over an interval was taken as the measure
of F exposure for the interval. This method assesses tile
combined effects of patient compliance, intestinal F
sorption efficiency, and renal F excretion.

The 202 women with type I (postmenopausal) osteoporosis were 51-76 years old (median 68 years). As described
previously,"°' all were ambulatory and all had documented osteoporosis with one or more vertebral fractures,
but none had evidence of an associated disease or history ' Statistical methods
of use of any drug known to cause osteoporosis. After
baseline screening, the women were randomly assigned to
Rates of Change in BMD: These were calculated for the
receive NaF (75 mg/day) or a matching placebo tablet. lumbar spine and radius for each woman using an ordinary
Both groups received divided doses of calcium carbonate least-squares linear regression of successive BMD measureequivalent to 4503 mg elemental calcium per day. They ments on time since baseline. The slope of the regression
were evaluated at baseline and every 6 months thereafter line (g/cm 2/year) estimates the rate of change, and the
over the 4 years of the study. After the code was broken at slope divided by the intercept times 100 (%/year) expresses
4 years, 50 of the 66 patients in the NaF group who com- that rate as a percentage of baseline BMD.. Possible deviapleted the trial agreed to continue treatment and follow-up tions from linearity were investigated by split point analyses to test for changes in slope for each woman after each
for an additional 2 years.
visit. The distributions of the estimated changes in slope
after each visit, the improvements in R 2 resulting from inLaboratory studies
cluding a change in slope for each patient, and the statistiSerum F level was measured by a. glass electrode cal significance of the changes in slope all were used in asmethod.'''' BMD of the lumbar spine, femoral neck, and sessing linearity of the rates of change in BMD.
femoral intertrochanteric region were measured by dualphoton absorptiometry. BMD of the shaft of the radius
Vertebral Fracture Rates: Vertebral fractures were aswas measured by single-photon absorptiometry at the sessed on each radiograph for the interval since the previfunction of the middle and distal thirds of its length. The . ous radiographic examination, approximately 1 year. Most
long-term precision was 2.2% for measurements by dual- of the variables that might affect VFR such as serum F
photon absorptiometry and 1.0% for those by single-pho- level, mean LS-BMD, and rate of change in LS-BMD,
ton absorptiometry." 1 ) The measurements at the lumbar • were analyzed for these 1 year intervals. In other analyses,
spine and radius were made at baseline and every 6 however, variables were aggregated over the full duration
months; those at the femur were made very 2 years. Radio- of the study. The VFR for a group of women or for a
graphs of the lumbar and thoracic vertebrae were obtained group of person-intervals was defined as the total number
at baseline and yearly.
of fractures in the group per 100 person-years of followVertebral fractures were assessed by quantitative bi- up. Confidence intervals for these rates and for the ratio
planar radiography as described." 0' For radiography of of rates in the two treatment groups were then calcuthe thoracic and lumbar spine, the lens was at a constant lated.'")

TABLE 1. TREATMENT DOSE BY TREATMENT GROUP AND TIME ON STUDYa
Distribution of mean daily NaF doses as number and percentage of women
Time in study Treatment group <40 mg/day 40-54 mg/day 35-59 mg/day 60-64 mg/day 65-69 mg/day 70-74 mg/day
Up to 4 years Placebo •
Fluoride
Extension
Up to 6 years Extension

1 (1.0)
6 (6.5)
4 (8.0)
4 (8.0)

7 (7.2)
7 (7.5)
2 (4.0)
7 (14.0)

.

4 (4.1)
10 (10.9)
7 (14.0)
4 (8.0)

.

8 (8.2)
8 (8.7)
3 (6.0)
7 (14.0)

11 (11.3)
13 (14.1)
7 (14.0)
9(18.0)

'Dose is as calculated from pill counts (see text). Time includes all data on everyone who returned pills at least once.

43 (44.3)
23 (25.0)
12 (24.0)
10 (20.0)

75 mg/day Total
23 (23.7)
25 (27.2)
15 (30.0)
9(18.0)

97
92
50
50
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Relationship s between VFR and other characteristics, including mean daily dose and serum F level, were investigated by grouping women or person-intervals according to
the distribution of the other variable and calculating VFR
and confidence intervals for those groups. Relationships
among the group VFR and the means of the other group
variables were characterized graphically and by Poisson regression models. Relationships among more than one independent variable were studed by using fracture information and covariates for each person-interval in the Poisson
model. Alternative analyses used logistic regression for
ordered categories (whether a woman had zero, one, or
more than one fracture during the interval). The simultaneous influence of two variables on VFR was represented
visually by grouping person-years into quintiles of one variable, dividing each quintile into quintiles of the second
variable, and producing a three-dimensional surface plot
of VFR in these groups by using a spline-smoothing algorithm in SAS.""

RESULTS

Characteristics of women entering extension
The 50 women who participated in the extension did not
differ significantly from the 51 other women who were
originally randomized to NaF treatment with respect to
any of the clinical characteristics or biochemical variables
assessed at baseline, except that they were somewhat
younger (median age, 65.6 versus 69 years, P = 0.01) and
had a shorter interval since menopause (median time, 18
versus 22 years; P = 0.002).

Fluoride exposure
Table 1 gives the mean daily dosages as assessed by the
pill count method over the 4 years of the clinical trial for
the 189 women who ever returned any tablets. Treatment
dosages were decreased by protocol, because of side effects, in 54 of those randomized to NaF and 24 randomized to placebo; other reductions occurred as a result of individual decisions by the women. The distribution of daily
_dosage in the 50 women who participated in the extension
wai similar to that for the overall group for the first 4
years, but during the extension the mean dosage was 3.5
mg/day (P < 0.001) less than during the first 4 years (Median (and range) for serum F level at baseline was 1.5 AM
(0.7-3.6) in the NaF group and 1.4 AM (0.6-4.0) in the placebo group. •Over the 4 year clinical trial, median (and
_range) for the mean difference from baseline serum F was
5.5 AM (0.6-12.0) for the NaF group and 0.3 AM (-0.8 to
1.8) for the placebo group.
Treatment dosages below 40 mg/day were predictive of
small serum F increases in the NaF group (r = 0.24, P =0.02), yet these treatment doses accounted for only 5.8%
of the variance in serum F. However, among the 93% of
the women receiving NaF whose dosage exceeded 40 mg/
day, dosage did not predict serum F level (r = 0.14, P =
0.21).

Changes in bone density
The essentially linear increase in LS-BMD in the 4 year
trial continued in the 50 patients participating in the extension study (Fig. 1). The median rate of change in LS-BMD
was 8.6%/year (0.062 g/ern s/year) for the entire NaF
group during the 4 year trial and 8.7%/year (0.063 g/cm'/
year) over 6 years for the patients in the extension. The
similarity of these rates and the fact that r' for the simple
regressions of LS-BMD on time exceeded 78% for 35 of
the 50 women in the extension indicate that increases in
LS-BMD were essentially linear over the 6 years of followup.
Median rates of change in LS-BMD in the group receiving placebo and 1500 mg per day of calcium supplement
were 0.3%/year (0.003 g/em s/year) over the .4 year trial.
To examine the possibility that there was a systematic drift
in the densitometer measurements that prevented a true decrease in BMD from being detected, we evaluated results
obtained in 56 postmenopausal women, ages 51-75 years
at entry, who were participating in an ongoing epidemiologic study"" and who underwent measurements on the
same densitometer by the same technician over the same
interval of time. In this group, the median rate of change
in LS-BMD was -0.3%/year (-0.005 g/em s/year), a significant decrease (P = 0.01), rather than the 0.3%/year
increase in the placebo group, and the median total change
in LS-BMD for the 40 of these 56 women who completed
approximately 4 years was -5.1% compared with a 3%
gain for the women on placebo with comparable followup.
For measurements of BMD at the hip, median rates for
the 6 years in the women in the extension were by 2.1%/
year (0.014 giem s/year) at the femoral neck and 4.1%/
year (0.020 g/ce/year) at the femoral trochanter; the
rates were 2.1%/year (0.015 g/ce/year) at the neck and

3
Year of

4

Treatment

FIG. 1. Mean ± SEM (standard error of the mean) LSBMD as percentage of baseline in the entire NaF group

(solid line and solid circles) and the placebo group (broken
line and triangles) during the 4 year trial and in the 50
women from the NaF group in the extension (broken line
and circles) over 6 years.
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3.4 010/year (0.019 g/cm 2/year) at the trochanter in the NaF
group over 4 years. Because measurements were obtained
only at 2 year intervals, the data are insufficient to permit
assessment of linearity.
In the NaF treatment group, BMD in the radius decreased at the rate of -1.9 010/year (-0.014 g/cm'/year)
during the initial 4 years of the study (Fig. 2). During the
same period, the loss for the 50 women who participated in
the extension was similar (-2.2 010/year; -0.016
g/cm/year). However, during the extension period, the
rate of loss in BMD of the radius was only -1.20/0/year
(-0.010 g/crn/year) in the 38 women with measurements
at both 4 and 6 years. Among the 176 women who had
measurements over more than 6 months, rates of change in
radius BMD correlated negatively with rates of change in
LS-BMD in the NaF group (r = -0.47, P < 0.001) but
not in the placebo group (r = -0.09, P = 0.42).

Skeletal responsiveness to NaF therapy
Mean changes in serum F level from baseline accounted
'0% of the variance in rates of change in LS-BMD (r
P < 0.001), and cumulative F exposure and LS. aseline together accounted for 80% of the variancf' .11 ...3-BNID measurements during the entire study (P
< C.J01). Of 90 *omen in the NaF group with serum F.
and LS-BMD measurements after baseline 34 (38%) had
rates of change in LS-BMD that did not exceed the 95%
percentile for the placebo group (5.8%/year). Of these 34,
6 had mean increases in serum F of less than 3 AM during
treatment and were judged noncompliant. Thus, there
were 28 (31 010) women whose failure to respond to NaF
therapy could not be explained by failure to achieve adequate serum F levels.

vertebral fractures included 13 hip fractures in the NaF
group (4.2/100 person-years) and 4 hip fractures in the
placebo group (1.2/100 person-years) during the initial 4
years of treatment. For the 50 patients undergoing the extension, there were 2 additional hip fractures (2.2/100 person-years).
There was no significant relationship between VFR and
NaF dosage as assessed by pill count. However, in the NaF
group VFR increased by 11% for each 1 AM increase in
serum F over baseline (P = 0.005), whereas in the placebo
group there was mo such relationship (Fig. 3). In both
groups, VFR decreased significantly with increasing LSBMD (P < 0.001), but split point analysis indicated nonlinearity in this relationship (Fig. 4). Over the range 0.6-1.1 g/cm2, VFR decreased as LS-BMD increased, and
smoothed curves representing the relationship in the NaF
and in the placebo groups were virtually superimposable
(Fig. 4). However, in the NaF group increases in LS-BMD
beyond the nadir at 1.2 g/cm 2 were associated with increases in VFR, so that person-years in the highest decile
of LS-BMD (mean 1.55 g/cm 2) had a VFR more than

Fracture rates
There was no significant difference in VFR between the
NaF and placebo groups over the 4 years of treatment
(Table 2). In the 2 year extension, among the women who
had usable radiographs the VFR decreased somewhat.
Nonvertebral fractures also decreased during the 2 year extension, but the rate remained higher than that in the placebo group during the initial 4 years (Table 3). The non-

4
3
Year of Treatment
FIG. 2. Mean ± SEM of radius shaft BMC as percentage of baseline in the entire NaF group (solid line and
solid circles) and the placebo group (broken line and triangles) during the 4 year trial and in the 50 women in the extension (broken line and circles) over 6 years.
1
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TABLE 2. VERTEBRAL FRACTURE RATE (No. PER 100 PERSON-YEARS OF OBSERVATION) IN
THE NAF AND PLACEBO GROUPS
NaF group
Treatment period
(years)
0-2
2-4
0-4
4-6
0-6
'Confidence interval.

Women

Rate

86
68
86
46
86

46
49
47
32
45

Placebo group
95%a CI Women
(32, 67)
(33, 71)
. (36, 63)
(21, 51)
(34, 59)

86
70
86

Rate

95% CI

44

(33, 59)
(47, 83)
(41,67)

62
52
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TABLE 3. NONVERTEBRAL FRACTURE RATE (No. PER 100 PERSON-YEARS OF OBSERVATION) IN
THE NAF AND PLACEBO GROUPS

Placebo group

NaF group
Treatment period
(years)

0-2
2-4
0-4
4-6
0-6

-2

0

Women

Rate

95010 Cl a

Women

91

28

(19, 41)

73
50

18
23
13

(11,28)
(17, 33)
(7, 25)

91

21

(15, 29)

. 91

2

4

a

10

&Serum F, pM
FIG. 3. VFR (no. per 100 person-years and 95% confidence intervals) as a function of change in serum F level
from baseline. Women were grouped in deciles of serum F
increase for both the NaF (circles and solid line) and placebo (triangles and broken line) groups.
twice that at the nadir. There was no significant relationship between VFR and rate of change in LS-BMD in either
group (Fig. 5).
. When the effects of LS-BMD, rate of change in LSBMD, and change from baseline in serum F level on VFR
were considered together, a complex pattern emerged
(Figs. 6, 7, and 8). These figures illustrate a general pattern
in which increased VFR values were found in two subgroups—one with low LS-BMD usually associated with
small increases in serum F and low or negative rates of
change in LS-BMD, and the other with high LS-BMD associated with large increases in serum F or rapid rates of
change in LS-BMD. However, if the higher LS-BMD values were associated with only moderate increases in serum
F or with moderate rates of change in LS-BMD, then VFR
decreased with increasing LS-BMD.
This pattern was also found in Poisson models relating
VFR for person-intervals to interval-specific values of LSBMD, change from baseline serrn F level, and rate of
change in LS-BMD. This pattern persisted after adjustment for baseline serum F and baseline stratification factors. Table 4 shows two such models, one including rate of
change in LS-BMD together with LS-BMD treatment as-

Rate

95% CI

96

5

75

10
7

(3, 9)
(5, 20)
(5, 12)

96

signment and influential baseline characteristics and the
other including change from baseline serum F. There were
significant interactions with LS —BMD in both cases, and
change from baseline serum F also interacted with treatment assignment. This means that the relationship between
VFR and . LS-BMD was different at different rates of
change in LS-BMD or different changes in serum F. According to the upper model in Table 4, VFR decreases with
increasing LS-BMD as long as the rate of change in LSBMD is less than 17 010 of the baseline LS-BMD per year
but increases with increasing LS-BMD if the rate of change
in LS-BMD is more rapid.
According to the lower model in Table 4, VFR decreases
with increasing LS-BMD in the NaF group as long as men
serum F value is no more than 8 AM higher than baseline,
and VFR decreases with increasing F exposure as long as
LS-BMD is <1.05 g/cm 2 . VFR increases with increasing
, serum F changes in the placebo group at all LS-BMD values.
Although the precise locations of these "saddle points"
where VFR changed from increasing to decreasing differed
in different models, the general patterns were consistent.
Relationships between VFR and the baseline characteristics
also were very consistent in different analyses. Women
with more vertebral fractures at baseline also had higher
VFR during the trial, prior estrogen replacement therapy
was protective if it had been substantial
0.625 mg/day)
but not otherwise, and higher serum F at baseline was associated with increased fracture rates. Treatment group
had no significant effect independent of its influence on
LS-BMD, rate of change in LS-BMD, and (for the NaF
group) change in serum F.

(a

DISCUSSION
The additional 2 years of observation of NaF-treated
women as well as the additional types of statistical analysis
allowed us to address a number of issues that were unresolved in our original report. These include the duration of
the effect on increasing cancellous bone mass, the duration
of cortical bone loss, the incidence of nonresponders who
show failure to increase LS-BMD in response to treatment,
whether calcium supplementation prevented bone loss in
the placebo group, and whether serum F level can be pre-
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FIG. 4. VFR (no. per 100 person-years and 95% confi-

dence intervals) for person-intervals grouped in in deciies
of LS-BMD in the NaF group (circles and solid line) and
placebo group (triangles and broken line).

FIG. 6. Three-dimensional surface plot showing VFR
(no. per 100 person-years) as a function of LS-BMD and
the increase in serum F level. Person-intervals were
grouped in quintiles of increase in serum F level within
quintiles of LS-BMD.
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FIG. 5. VFR (no. per 100 person-years and 95% confidence intervals) for women grouped in deciles of rate of
change in LS-BMD for NaF (circles and solid line) and placebo (triangles and broken line) groups.

dicted with reasonable accuracy from patient dosage.
Also, because in 54 of the 101 patients initially randomized
to the NaF group the NaF dosage had been decreased because of side effects during the 45 year trial, dose-response
relationships could be evaluated.
The linear increase in LS-BMD, a site at which the bone
is predominantly cancellous, found during the first 4 years
of treatment continued during the additional 2 years of observation. This contrasts with results obtained with lowdose treatment with parathyroid hormone (PTH)-(l-34),
the other major formation-stimulating program being evaluated in clinical trials. Two studies" 9-20 ' have found that
the rate of gain in LS-BMD during PTH-(1-34) treatment
diminished by 12 months, and in one of them."'" LS-BMD
subsequently decreased. Thus, at present, NaF is the only

therapeutic regimen demonstrated to result in increases in
cancellous bone that continue for more than 1 or 2 years.
If the rate of increase in LS-BMD of slightly less than 10010
per year that we observed over 6 years were to continue for
even a few more years, it should be possible to restore
bone mass of the vertebral body to normal or even above
normal. Indeed, such values have been observed in patients with endemic fluorosis.("
Although the rate of increase in LS-BMD during the 2
years of the extension was similar to that during the first 4
years, the decrease in BMD of the cortical bone of the radius waned during years 5 and 6. The reason for this is unclear. The finding of an increase correlation between the
increase in LS-BMD and decrease in radius BMD is consistent with the concept that, despite supplementation, there
may not have been enough calcium absorbed to allow the
newly synthesized matrix of cancellous bone to mineralize,
resulting in removal of mineral from cortical bone. If so,
the addition of vitamin D or an active vitamin D analog to
the therapeutic regimen may prevent or decrease the incidence of this undesirable effect.
It his been recognized for over a decade that bone formation and bone mass fail to increase during NaF therapy
in some patients. " However, the incidence of this nonresponse has not been well documented, and the relationship
of it to noncompliance has been unclear. When noncompliance was assessed by serial measurement of changes in
serum F level, almost one-third of the patients seemed to
have complied without unequivocal increases in LS-BMD.
We were unable to identify any baseline characteristics that
could predict this failure to respond, and the responsible
mechanism is unclear at present. Possibly, nonresponse is
a hallmark of an intrinsic defect of osteoblasts or in the
paracrine regulation of osteoblast function that plays a
role in pathogenesis in this subset of osteoporotic women.
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FIG. 7. Three-dimensional surface plot showing VFR
(no. per 100 person-years) as a function of rate of change
in LS-BMD and increase in serum F level. Person-intervals
were grouped in quintiles of increase in serum F level
within quintiles of rate of change in LS-BMD.
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FIG. 8. Three-dimensional surface lot showing VFR (no.
per 100 person-years) as a function of LS-BMD and rate of
change in LS-BMD. Person-intervals were grouped in
quintiles of rate of change in LS-BMD within quintiles of
LS-BMD.

Despite multiple clinical trials and epidemiologic surveys, the role of calcium supplementation in the prevention of osteoporosis is controversial."") In a recent placebo-controlled trial, Reid et al."") found that a calcium
supplement of 1000 mg/day reduced the rate of loss from
the total skeleton by 43% in late postmenopausal, normal
women. However, there have been virtually no controlled
studies of the effect of calcium supplementaion in established osteoporosis. Because such a study would require

administration of a placebo for several years, it would be 1!
diffiCult and possibly unethical to conduct. Therefore, it is
of interest that the group receiving placebo and a 1500 mg/
day of calcium supplement did not lose bone from the
lumbar spine over the 4 years of the trial. Because bone
loss was easily defected in a group of unselected postmenopausal women measured during the same interval with the
same densitometer, failure to lose bone in the calciumtreated osteoporotic patients cannot be attributed to machine error. These data support the recommendation that
calcium supplements should be a component of most
therapeutic regimens for osteoporosis.,111
The dosage of NaF in our study, 75 mg/day, was higher
than dosages currently being used by most investigators.' 14) However, it was within the range used by most investigators at the time of the request for applications by
the National Institutes of Health (NIH) in 1979 and was selected at a conference of officials from the NIH and the
Food and . Drug Administration, and investigators from the
two trial sites. Bone biopsy studies have shown that there
is a narrow therapeutic window for NaF dosage. Dosages
of 50 mg/day or less do not consistently stimulate bone
formation, and dosages of 90 mg/day or more result in the
formation of incompletely mineralized bone. 123 ) Nonetheless, it is possible that we would have achieved better antifracture efficacy with lower dosages of NaF. Because more
than half of the women had decreased their dosage because
of side effects, we attempted to determine whether a lower
exposure to fluoride would be associated with a lower
VER.
These observations indicate that the response of boneto
NaF therapy reflects a complex interaction among several
variables and is difficult to interpret unless these variables
are considered simultaneously. However, certain trends
can be seen in the three-dimensional plots and in the complex multivariate analyses. Based on these trends, one possible interpretation is that NaF therapy decreases VFR
moderately in women whose serum F level and LS-BMD
increase, provided that the increase in serum F level does
not exceed 8 AM and the increase in LS-BMD does not exceed 17%/year.
If this interpretation is correct, what is the mechanism
for the increases in VFR when these putative threshold
levels are exceeded? It cannot be impaired mineralization
of bone or the formation of woven bone because iliac biopsies showed no histomorphometric evidence of either of
these abnormalities in a randomly sampled subset of
women."" Although the answer to this question is not apparent at present, it could be related to minor changes in
.mineralization that impair the healing of microfractures.
This possibility is compatible with the high incidence of
lower extremity stress fractures previously noted in osteoporotic patients receiving NaF treatment. ""°'
On the basis of projections from comparisons of several
variables, it is possible that, by allowing moderate increases in serum F level and in LS-BMD but avoiding large
increases, it may be possible to achieve decreases in VFR
of about 30-35%. It is noteworthy that no controlled or
partially controlled study using NaF at any dosage has
achieved a lower VFR than this."-"' NaF therapy can
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4. POISSON MODELS FOR VFRa

Model including rate of change in LS-BMD.
Overall fit, residual deviance per degree of
freedom, 1.19, P < 0.001
Mean
a 3 baseline fractures
Prior ERT
0
<0.625 mg/day
a 0.625 mg/day
Baseline serum F
NaF group
LS-BMD
Rate of BMD change, % year
LS-BMD •BMD change
Model including change in serum F. Overall
fit, residual deviance per degree of freedom, 1.19, P < 0.001
Mean
a3 baseline fractures
Prior ERT
<0.625 mg/day
a0.625 mg,/day
Baseline serum F
NaF group
LS-BMD
Change from baseline serum F
Serum F change in NaF group
LS-BMD •serum F change

Difference in VFR
(To)

Sal for /3

Variable

3.92
0.60

0.34
0.13

<0.001

83

-0.05
-0.85
0.39
-0.004
-1.22
-0.07
0.07

0.13
0.32
0.08
0.13
0.36
0.02
0.02

0.71
0.008
<0.001
0.98
<0.001
<0.001
<0.001

-5
-57
48 AM-'
-0.4
-12 0.10 g" cm-2
-47 per 10%/year
7 per g/cml-%/year

3.98
0.64

0.40
0.14

<0.001

90

-9-04
-0.92
0.44
0.27
-1.61
0.24
-0.45
0.20

. 0.13
0.32
0.08
0.21
0.48
0.15
0.15
0.08

0.74
0.004
<0.001
0.19
<0.001
0.10
0.002
0.008

-4
-60
56
32
-15 0.10 lc . cm-1
27 AM-'
-36 mfy1"'
2 per 0.10 g/cma-AM

'Model including rate of change in LS-BMD. Overall fit: residual deviance per degree of freedom 1.19, p < 0.001. ERT, estrogen re) placement therapy.

thicken remaining trabeculae, but presumably it cannot restore trabecular connectivity and replace lost architectural
elements, and it does not decrease bone turnover. Because
of these limitations, the decreases in VFR achieved by Na?
therapy are only moderate. In contrast, decreases of 50%
or more in VFR have been reported after treatment of established osteoporosis with antiresorptive compounds,
such as cyclic etidronate, 9-30 calcitriol 1"2, estrogen, (3."
and calcitonin,(" , despite only small increases in.LS-BMD.
This paradox suggests that antiresorptive drugs may decrease VFR by a mechanism that is different from that
with NaF and perhaps other formation-stimulating drugs.
High bone turnover is known to affect the mechanical
properties of cancellous bone adversely.'") Thus, antiresorptive drugs may decrease VFR by stabilizing vertebral
integrity through inhibition of perforative resorption of
cancellous plates.' 30 If so,. the addition of an antiresorptive compound to the NaF regimen may provide a better
therapeutic effect than achieved with either regimen alone.
Although the incidence of nonvertebral fractures de---creased somewhat during the 2 year extension, it remained
twofold higher than that observed in the placebo group
during the 4 year clinical trial. Because Na? treatment re-

in losses of cortical bone, the effect on fracture occurrence may be more adverse at sites that contain substantial amounts of cortical bone, such as the hip, than at
sites that contain large amounts of cancellous bone, such
as the vertebral bodies. Because of the severity of the consequences of hip frascture, a treatment that decreases the
incidence of vertebral fractures would be deemed to be
worthwhile only if it does not concomitantly increase the
risk of hip fracture. In this regard, it is of concern that in
our study there was a threefold, but nonsignificant, increase in the incidence of hip fracture in the NaF group
and that in another randomized controlled trial using only
50 mg NaF per day there was a twofold, statistically significant increase in hip fracture occurrence."" Also, four recent epidemiologic studies have demonstrated that populations with naturally or artifically fluoridated drinking
water (at intake levels lower than those used for treatment
of osteoporosis) had increases in hip fracture incidence.'"-4"
Although our retrospective analyses may have provided
interesting insights into factors affecting the therapeutic
response to Na? therapy, we emphasize that our overall
conclusion from the results of the clinical trial is the one
suits
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fluoridated water linked to bone density
BY CELIA MILNE

Drinking some fluoridated water a day could keep
osteoporosis at bay.
What is unique about this
This is the finding of a University of Saskatchewan study pre- research is the age group studied
sented at a recent American Soci- because all other similar epidemiological studies have involved
ety for Bone and Mineral
adults.
Research meeting.
"We tried to evaluate the
Dr. Donald Bailey (PhD), proimpact of fluoride in the water
fessor in the college of physical
supply on bone mineral acquisieducation at the university, found
tion during the years of growth,"
oung women aged 18 to 25 who
he said.
had lived all their lives in an area
Currently, Dr. Bailey and colof Saskatoon where fluoride was
leagues are studying a large group
added to the water had greater
of children in their growing years
lumbar spine bone density than
and evaluating the impact of both
those who had been living without
exercise and diet on bone mineral
fluoridation in Regina.
acquisition. They think it is the
Dr. Bailey and graduate student
first such study in the world.
Catherine Arnold chose for their
In the fluoride study, three
study two cities that were almost
bone scans (whole body, lumbar
exactly the same in terms of
spine and proximal -femur) were
demographics and climate.
You couldn't get two commu- taken in 24 young women from
Regina and 33 young women from
nities more similar than Saskatoon
Saskatoon. All subjects were simiand Regina. but in terms of bone
health they are substantially dif- lar in age, weight, height, bone
ferent:' Dr. Bailey told The Med- free lean Mass, fat mass, estrogen
ical Post in a telephone interview. status, calcium and vitamin D
TORONTO -

intake, and level of physical activity.
There was a trend toward
greater bone mineral density at all
three sites for the Saskatoon
women, but it was clinically significant only at the lumbar spine
site.
Dr. Bailey said this finding may
have implications for a reduction
in rates of bone loss in osteoporosis, since the lumbar spine is a
principle fracture site. If we could increase the level
of bone mass in the growing years
then theoretically with the higher
level we could withdraw (calcium
from) bone for a longer period of
time before reaching the fracture
threshold."
Dr. Bailey recognized that fluoridating water is a controversial
subject. and many municipalities
are against it. Although he didn't
want to take sides, he did note:
"On the basis of the evidence from
this study, at least. fluoridation of
water is not only good for teeth, it
is also good for bones."
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Abstract

Key Words: Osteoporosis—Fluoride therapy—Iliac crest biopsies—Biomechanical competence—Bone fluoride content.

Sodium fluoride has for more than 2 decades been a commonly used therapeutic agent for established osteoporosis
because of a repeatedly documented anabolic effect on trabecular bone mass. Recently, however, three controlled trials have failed to demonstrate any therapeutic advantage of
NaF over placebo with respect to vertebral fracture rate.
Also, there have been several reports of an increased incidence of nonvertebral fractures during fluoride administration. Thus, the efficacy of fluoride therapy remains a controversial issue. The aim of this longitudinal study was to
investigate the effect of sodium fluoride (40-60 mg per day),
calcium (45 rrunol), and vitamin D2 (18,000 III) on trabecular
bone strength, assessed before and after 1 or 5 years of treatment for osteoporosis. Iliac crest biopsies were taken before
and after 1 year of treatment in 12 patients, and before and
after 5 years of treatment in 14 patients. Measurements were
made of biomechanical competence, ash content, and bone
fluoride content, and bone strength parameters were normalized for ash content, thereby obtaining a measure of trabecular bone quality. Bone fluoride content was significantly
increased after both 1 and 5 years of treatment, indicating
that the administered fluoride had been ingested. After 1
year of treatment, no difference was observed in iliac crest
trabecular bone ash content. A general trend for decreased
\ bone strength and bone quality was observed, but this was
insignificant; After 5 years of fluoride treatment, an insignificant decrease in iliac crest trabecular bone ash content
was observed. A significant reduction of 45% was found in
trabecular bone strength (p < 0.05), and an even more pro, nounced reduction of 58% was found in trabecular bone
quality\(p < 0.01). The results of this study indicate that
"—long-term administration of sodium fluoride may be detrimental to bone quality, at least as measured in nonloaded
iliac crest trabecular bone.
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Introduction
Sodium fluoride (NaF) has for more than 2 decades been a commonly used therapy (often in combination with calcium and vitamin D) for established osteoporosis. Its ability to stimulate
bone formation is well known (Briancon & Meunier 1981), and
there is 1 general agreement that NaF has an anabolic effect on
trabecular bone mass, particularly in the spine (Briancon & Meunier 1981; Hansson & Roos 1987; Raymakers ct al. 1987; Farley
er al. 1989; Heaney et al. 1989; Hodsman & Drost 1989; Riggs
ct al. 1990; Pouillas et al. 1991; Farley et al. 1992). However.
the reports of fluoride's effect on peripheral bone have been
conflicting. Some investigators have found NaF increases the
appendicular trabecular bone mass (Darnbacher et al. 1986:
Resch et al. 1993), whereas others have found no effect or even
a decrease in peripheral (predominately cortical) bone mass
(Ringe et al. 1978; Hodsman & Drost 1989; Riggs et al. 1990:
K/cerekoper et al. 1991; Pouilles et al. 1991, 1992). suggesting
than an improvement in axial bone density may be at the expense
of conical bone (Hodsman & Drost 1989: Riggs et al- 1990/.
Furthermore, several studies have shown structural abnormalities
or mineralization. defects in the bone formed during fluoride
administration (Baylink & Bernstein 1967; lowsey ct al. 1972;
Vigorita & Sucia 1982; Eriksen et al. 1985; Kragstrup cc al. 1989:
Lundy cc al. 1989; Boivin et al. 1993). thus indicating that the
increase in bone mass is not necessarily followed by an improvement in bone quality.
The controversy has heightened over the past few years as
long-term clinical investigations using fracture rate as a true end
point have become available. Some studies, includin g a large
controlled trial by Nlamelle cc at. (1988). have shown NaF reduces vertebral fracture rate (VFR) (Riggs et al. 1982; Pak et al.
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1989, 1990; Farley ct al. 1992). and in 1989. a consensus report
evaluating all clinical data as of October 1988 concluded that
NaF was a useful therapeutic agent (Heaney et al. 1989). Recently, however, three controlled trials have failed to demonstrate any therapeutic advantage of NaF over placebo with respect to VFR (Dambacher ct al. 1986; Riggs et al. 1990;
Kleerekoper et al. 1991). All three investigations used high
doses of fluoride (75-80 mg). and debate has arisen as to whether this might . be a toxic dose. There have also been several
reports of an increased incidence of nonvertebral fractures during
fluoride administration (Hedlund & Gallagher 1989; Riggs et al.
1990; Melton 1990; Schnitzler 1990). Some of the studies included incomplete stress-fractures of the lower extremities in
their measurement of peripheral fracture rate (Riggs ct al. 1990;
Schnitzler et al. 1990). This has been found inappropriate because many of these fractures never progress to true fractures
(Klecrekoper & Mendlovic 1993). Thus, the efficacy of fluoride
therapy remains a controversial issue.
Not much attention has been paid to fluoride's effect on bone
biomechanics (Kleerekoper & Mcndlovic 1993), and to our
knowledge, no investigation to date has focused directly on trabecular bone strength during long-term fluoride therapy. The aim
of this study was to investigate the biomcchanical competence of
iliac crest bone biopsies before and after 1 and 5 years of fluoride
therapy in osteoporotic patients.
Patients
This is a lon gitudinal study on patients admitted to the department from 1982 to 1989 with symptomatic spinal osteoporosis.
Twenty-six, full ambulatory patients. 23 women, and 3 men.
a ged 52-83 years (mean 65.4 years) having at least one low
energy fracture in a ostcopenic spine were included in the study.
These vertebral fractures were defined by an experienced radiologist. based on a subjective assessment of lateral spine radiographs. No patient revealed any history of trauma (i.e., a fall) or
accident that could explain the vertebral fractures. Twelve of the
patients were followed for 1 year, 14 for 5 years. The admission
policy during the inclusion period was unchanged. and the patients were not selected because of severity of disease or BMC
changes. None of the patients had previously participated in
other clinical trials or received previous treatment for osteoporosis. Patients were excluded from the study if there was: histomorphologic evidence of osteomalacia; abnormal thyroid. liver,
or renal function; a history of excessive alcohol intake; or treatment with drugs known Co influence bone or calcium metabolism. Patients were given a daily dose of 40-60 mg sodium
fluoride (Nan in three divided doses. 18.000 IU of vitamin D.
and a supplement of 45 nunol calcium phosphate. Fluoride ad- •
ministration was guided by serum levels of F - (ran ge of 5 to 10
p.mo1/1 24 h after last ingestion of NaF). The study was performed in accordance with Helsinki Declaration 11.
Materials and Methods
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From each patient, an iliac crest bone biopsy was obtained
under local anesthesia. using a modified Bordicr trephine (inner
diameter 7 mm) from the standard site 2 cm below the iliac crest
and 2 cm behind the anterior superior iliac spine. The specimens
were frozen at -20°C immediately after removal. Still frozen,
the biopsies were later sawed carefully to obtain plano-parallel
ends and a length of 4 nun. The conical bone was removed by
this procedure (Mosekilde et al. 1985).

Biochemical parameters
Before and after 1 or 5 years of treatment, bone metabolism in
the patients was monitored by analyzing the serum levels of
calcium, phosphate, creatinine, and alkaline phosphatase, and
24-h excretion of calcium and hydroxyproline on a gelatinrestricted diet. Serum levels of parathyroid hormone were tested
before and after treatment.
Biomechanical competence
On the day of testing, the bone samples were slowly thawed to
+20°C and placed in a Ringer's solution for 30 min before
testing in an Alwetron materials testing machine (Alwerion and
Wcttre, Stockholm, Sweden) at a constant compression rate of 2
atm/min, arranged as a stiff system with a 200 kp load cell. An
extensiometer was mounted on the materials testing machine
close to the bone specimen, and the specimen change in length
was taken to be the change in crosshead displacement. After
compression, the biopsies were ashcd in a muffle oven (2 h at
105°C, 24 h at 580°C) and the ash content was determined and.
expressed as ash weight per unit length of the bone sample (mg/
mm) (Mosekilde et al. 1985).
The recorded load-deformation curves were analyzed by a
HP9816S computer system and thereby converted to stress-strain
curves.
The biomechanical parameters were defined as follows: Maximum load, F (N)—Maximum load applied at fracture of the
specimen.
Biomechanical parameters normalized for cross - sectional area. Maximum stress (a ) (I MPa = IN X rnrn -2)-The maximum compressive load per unit cross-sectional area of
the bone specimen. Maximum stiffness ((dcr/de) ) (MPa)-The maximum slope of the stress-strain curve determined by a
mathematical differentiation.
Biomechanical parameters norntalized for ash content. Normalized maximum strength (S
w) (N/mgrmrn)--The maximum
compressive load divided by mg ash per mm specimen length.
Normalized maximum stiffness ((dS/de)„,.;) (N/mg/mm)Maximum slope of the load-strain came divided by mg ash per
specimen length (Mosekilde et al. 1987a).
Measurements of bone fluoride content

Bone biopsies
Transcortical iliac crest bone biopsies were obtained from 26
patients before and after 1 year of treatment (12 patients. 9
women and 3 men) or 5 years of treatment (14 patients, all
women). The second biopsy was obtained from the connulateral
iliac crest and none of the patients had biopsies taken both after
I and 5 years of treatment (which means that the biopsy procedure by itself had not induced local changes in trabecular bone
remodeling).

fluoride was determined by a modification of the method proposed by McCann (1968) and was measured in the biomechanically tested and ashed bone specimens. The ashed samples (10
mg) were weighed, transferred to plastic tubes, and dissolved in.
1.5 ml of 0.5 M perchloric acid. The solutions were then buffered with 6 ml of 0.5 M sodium citrate prior to fluoride determination with a fluoride ion-specific electrode (Orion 96-09).
Results are expressed as the ppm of fluoride per ash weight of
bone.
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Biomechanical competence

Bone mineral measurements
Forearm bone mineral content (BMC. g/cm) was measured at the
distal right and left radius and ulna using single phoron absorptiometry (Gammatee GT 30) with a 'Iodine source. The device
selects automatically the site where the distance between radius
and ulna equals 6 mm and then performs six scans in the proximal direction. The mean value for the two sides was used.
Precision in our laboratory was 1.6% (n = 20). and analysis of
accuracy has shown a highly significant correlation between
measurement of forearrn-BMC and ash weight (r = 0.97)
(Nielsen et a/. 1980). At this level. trabecular bone comprises
16% of total bone mineral (Melsen et al. 1980).
Forearm bone mineral density (BMD. g/cm 2 ) was derived
from the equation:

The results of the compression test arc shown in Tables III
and IV.
After 1 year of fluoride creatment, no difference was observed
in iliac crest trabecular bone ash content. A general trend for
decreased bone strength was observed in all the biomeehanical
parameters, both in the directly obtained load values and in the
parameters normalized for cross-sectional area and for ash content. However, none of the differences observed were significant
(Table 11D.
After 5 years of fluoride treatment. iliac crest o-abecular bone
ash content seemed decreased, thou g h the differer.ce was not
significant. In contrast, a significant reduction was found in the
directly measured load value and in bit:I -mechanic-al parameters
normalized for cross-sectional area < 0.05). This reduction
was found to be even more pronounced in the biomechanical
parameters normalized for ash content (p < 0.01) (Table IV).

BMD = BMC/(0.34 )( BW 2 ) - 0.06
where BW is the combined width of the radius and ulna at the
measuring site (Nielsen et al. 1980). Precision was 2.3% (n =
20).
Forearm bone mass measurements after 5 years of treatment
were available from only five patients. The introduction of a
Hologic scanner to the department resulted in several of the
patients having had their final measurement made in that scanner. which makes the posttreatment measurement not comparable with the pretreatment measurement.

Bone fluoride content
As shown in Fig. la,b, bone fluoride content was markedly and
significantly increased after both 1 year (Fig. Ia. p < 0.01) and
5 years of treatment (Fig. lb. p < 0.01). No difference in bone
fluoride content was observed between the two grouos before
initiation of fluoride treatment (1270 a 761 ppm and 1964
1811 ppm). As expected. bone fluoride content was significantly
lower after 1 year of treatment than alter 5 years (3892 1438
ppm and 8511 a 2188 ppm. p < 0.01).

Statistics
As the data were not normally distributed. Wilcoxon's signed
rank test for paired data was uscd for evaluating differences in
measurements before and after treatment. Linear regression analysis was used to test for relationship between two variables. The
value p < 0.05 was chosen as significance level. Data are presented as mr-ri SD.
Results
Biochemical changes
The biochemical parameters are shown in Tables I and IL No
changes in biochemical parameters were found after I year of
fluoride therapy (Table 0. A trend for increased serum alkaline
phosphatase was observed, but this was not significant.
After 5 years fluoride treatment, an insignificant trend for
increased serum alkaline phosphatase was still apparent. Furthermore, a si g nificant increase in serum phosphate (p < 0.05) was

observed (Table ID. No further differences were disclosed.

Bone fluoride content and bone strength
In order to reveal a possible relationship between bone fluoride
content and bone strength in the iliac crest, linear regression
analysis was performed. At no time point were any of the biomechanical parameters found to be significantl y related to bone
fluoride content (r-values between -0.02 and -0.18. p >
0.05).
Radial bone mass measurements
After I year of fluoride therapy, no differences were observed in
forearm-BMC (29.8
11.8 g/crn before vs 29.2 a- 11.1 g/cm
after treatment) or in forearm-BMD (8.8-a 2.7 g/an 2 vs 8.7
3.1 g/em2).
After 5 years of therapy, a tendency to decreased forearmBMC 21.1
2.2 g/cm before vs 18.9 1: 3.3 elcm after tre at -

Table L Biochemical changes in osteoporotic patients before and after 1 year of fluoride
therapy
= 12)

S-calcium (mmo1/1)
S-phosphate (trunal)
5-alkaline phosphatase
5-creatinine gunoUll
S-patathyroid hormone tnyll
Hydroxyproline excretion turnoit24 hl
Creatinine excretion immo1/24
Calcium excrenon tmmo1/24
Mean = SD.

o

1

Normal
reference
values

2.42 a 0.06
1.15 a 0.18
192.3 a 59.8
77.9 a 22.4

2.43 a 0.06
1.12 a 0.10
223.2 a 125.1

2.30-2.62
0.3-1.5
80-7.0

32.5 a 31.6
30.4 a 13.6
123.7 a 27.6

55-110
10-60

7.14 a 2.47
-1.17 a 1.96

7.0-13.0
1.2-3.3

35.3 a 13.8
161.4 a 78.0
7.78 a 1.73
4 .33 a 1.70
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Table II. Biochemical chanacs in osteoporotic patient: bef,:re and a her 5 years of flueridc
therapy (n
14)

Nonni
reference

5-calcium (rrun0V1)
5-phosphate (=DUI)
S-alkaline phosphates° (U/1)
5-creatinine ()tmoUl)
3-parathyroid hormone (ng/1)
Hydroxyptvline excretion (p.mo1/24 h)
Creatinine excretion (rrune1/24 h)

Calcium excretion (mmoU24 h)

0

5

values

2.45 Z. 0.07

2.43 = 0.08
1.22 t 0.131

2.30-2.62

1.05

1 0.17

199.2

55.8

.241.8 r. 46.9

72.8 .= 12.6

36.2 = 15.6
156.8 2 55.8

78.9 ± 14.9
34.3 -2 17.6
152.2 a 39.3

7.90 a 1.69
5.05 -a 1.05

7.95 = 1.79
5.24 a 2.60

0.8-1.3
80-250
55-110

- 10-60
7.0-18.0
1.2-3.8

Mean: SD.
<0.05.

rnent) and forearm-BMD (S.: t 1.5 g/cm 3 vs 7.0 1.8 gicm3)
was observed. However, it must be stressed that there were too
few patients (n 5) with available pre- and posttreatment fore.
arm bone mineral measurements to provide a reliable statistical

Discussion
In this investigation, we found that after 5 years of fluoride
treatment of osteoporotic patiante. Mao crest trtibeculaz ivanz
strength was reduced by 46 7.58% compared with pretreatment

biopsies. Also, 1 year of fluoride adminisc-ation seemed to reduce bone strength by 17-30%, though this was not a significant
Finding.
No differences were observed between pre- and posrueatment
iliac crest trabecular bone ash content or forearm bone mineral
measurements, either after 1 or 3 years.
Th. findings itt thin study that fluoride has no Oleo on peripheral bone mass is consistent with the findings in the majority
of other studies, as recently reviewed by Kleerekoper and Mend- •
lovic (1993). In contrast, Hodgman and Drost (1989) and Riggs
at al. (1990) found a decrease in appendiculer (cortical) bone
matt in flunricie-trenteil patInnnt ennenrnrntly with an incr.:nun In

spinal bone mass, and it was proposed that the beneficial effect
of fluoride on the axial skeleton was at the expense of the appendicular skeleton. In this investigation, we found a nonsignifii:11111 tendency to a decline in utac crest cementer asn content,
i. eft44.4
whereas at least 1 year of cream:en:seemed .
forearm (cortical) bone mineral content.. After 5 years of out-

ment, forearm-81'4C and -BMD seemed decreased. This loss of
appendicular bor.e mass averaged 10-15%, i.e. an animal loss of
2-3%, which is quite similar to the expected age-related bone
loss in untreated miteoporOtiC patients. (Segaard at al. in press)..
However, generalizations concerning fluoride's effect on appendicular bone mass after 5 years of therapy should be made with
caution, because the small sample size does not form the basis of
a conclusive statistical evaluation. Furthermore, the main focus
of this investigation was the effect of NaF on bone biomechanics
(quality), and a more comprehensive study, including lumbarBMC. is needed before any firm conclusions on fluoride's effect , .. -

on regional bone mineral content can be drawn.
The two large placebo-controlled trials made in the United
States (Riggs et al. 1990; Kleerekoper at al. 1991) showed that
high daily doses of NAP (75 mg) did not provide further protection against vertebral fractures than placebo. Based on these
findings, much debatehas recently &Mal about the correct dosage of NaF, and several investigators have suggested that 50 mg
per daY is a rM rn Prilltit (°e0' 1001: ICloorokopor A Ralson
1991; Meunier 1992). Thus. the dosage used in this study (40-60
mg per day) w as within current recommendations but. nevertheless, failed to -prove beneficial for the strength of iliac crest
trabecular bone.
In a study on rats. Turner at al. (19911 allowed that ineorros.
ration of fluoride into bone has a ctose-apecific effect on bone
strength, so that bone strength follows a biphasic relationship
with bone fluoride content. A positive effect of fluoride on bone
eteength was observed for lower Atm idc intakes and a negative

i n flueoce_for.Aightf-fluaride4mles.--7-neso fled:lip-suggest

Table IV. Bionusehanical competence in iliac crest trabocular bone hi.
cosies before and after 5 years of fluoride therapy for osteoporosis

Tat:kill. Biomechanleal competence in iliac crest trabeculat bone biopsies before and after I year of fluoride therapy for osteoporosis
Time point

12

0

L,, (wn)
Ash (me/mni)

F,

a „,„ ( M l's)
(doidel (POO
; Si, (N/mgrrturt)
(ciSidel.., (N/mg/mm)
M

SD.

4.3 t0.!
6.04 ".. 2.05
57.5 I 44.4
1.48 = 1.16
32.18 = 2R 18
8.45 s 4.08
176.90 = 109.26

Time point

0

n • 14

4.3 r. 0.2
5.97 2 2.59
40.8 = 30.7

1.9 (mm)
Ash imgmunl
(N)
(4013)
(defidS)

(MPS)

.1.07 ir 0.77

(N/mgmtm)

23.67 ... 23.11

(dS/ds),,„, (N/monen)

6.03 2: 2.80
128.69 = 91.54

Mean: SD.
41) < 0.05.

bp < 0.01.

4.3

3
0.2

4.3

6.55 = 1.24
62.1 r. 36.9

5.18 = 2.81

0.96
33.59 2 20.68
8.58 3.52
183.29 s 91.81

0.70 at 0.83'
14.55 2 16.07'

1.62 a

26.3 :: 32.0'
3.75 t 3.00'
98.31 s 63.80'
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Fig. 1. (a.b) Bone fluoride content before and after fluoride therapy for
I or 5 years. The numbers on the horizontal axis refer to years of
treatment.
there is a concentration threshoid above which fluoride may become detrimental Co bone.
in order to identify a possible threshold. linear regression
analysis was performed relating bone fluoride content. measured
in both groups before and after treatment, to each biomechanicz1
parameter at corresponding time points. No significant relationships were observed. In the study by Turner et al. (1992). femoral bone strength was shown to increase with increasing bone
fluoride content until a peak was reached at a bone fluoride
content of 1 00 ppm. Above 1200 ppm. bone strength significandy decreased. In our investigation, a mean value of bone
fluoride content above 1211U ppm had already been reached be.
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fore initiation of fluoride therapy. This accumulation of fluoride
in bone is very similar to the findings in a study by Richards et
al. (1994), and is in accordance with living in a community with
a fluoride concentration in the water of <OS -.pm such as is
found in this part of Denmark. We acknowledge the difficulties
of extrapolating the results of the animal study by Turner ct 41.
(1992) to humans. Nevertheless, it might be that at the age when
fluoride therapy is initiated in osteoporocic patients, bone fluoride content is already high, and additional fluoride might not be
beneficial.
Most clinical studies report that only approximately 70-80%
of the fluoride treated patients respond with a significant increase
in spinal bone mass (Duursma et al. 1987: Hodsman & Drost
1989; Riggs et al. 1990. 1991: Farley et al. 1992: Meunier
1992). The mechanism for "nonresponse" is as yet unknown. It
is unlikely to be a dose-related phenomenon because the proportion of "noriresponders" reported is fairly constant, regardless
of the different doses used. Some investigators suggest that
"norirtsponse - is a matter of lack of patient compliance (Erikscn et al. 1988). and in the study by Hodsman Drost (1989),
"nonresponders" were found to ingest significantly less fluoride
than "responders."
Because we did not measure spinal-BMC in the present investigation, we are unable to know what, if any, proportion of
the patients could be described as "nonresponders," using increased spinal bone mass as a criterion of response'. The observed accumulation of bone fluoride in this study certainly suggests that the administered fluoride was ingested. but even if
only 70% of our patients were "responders "these would still
exhibit a pattern of markedly reduced strength after 5 years of
therapy. Thus, we find it very unlikely that the results of this
study could be due to "noun:sponse."
Fluoride has been shown to increase bone formation to a
larger extent in trabeadar bone than cortical bone (Schulz et al.
1984) and. therefore, to exert a greater response in the axial than
the appendicular skeleton. Additionally. Schulz et al. (1984)
found that the peripheral effects of fluoride were most pronounced in the weight-bearing bones. Even though the iliac crest
could be considered a part of the axial skeleton, it is net a
directly loaded or weight-bearing bone. Therefore, a marked
effect of fluoride was not to be expected. However, because the
biomechanical testing was done oa pure trabecular bone, the
present findings could not be ascribed to a possible detrimental
effect of fluoride on peripheral cortical bone. Furthermore, the
results of this study support the investigations that ham an
increased rate of nonvertebral fractures (Hedlund & Gallagher
1989; Melton 1990; Ktggs et al. 1990; Schnieder et al. 1990).
and a reduction in strength could well be a direct effect of fluoride on trabecu/ar bone.
The findings of an abnormal bone matrix formed during fluoride administration (Baylink & Bernstein 1967; lowsey et al.
1972; Vigotita & Suda 1982; Eriksen al..1985; Kragstrup et al. • •
1989; Lundy et al. 1989; Boivin et al. 1993) have focused the
attention on the quality of bone. In the present investigation, we
normalized the biomechanical parameters with :egard to ash content. By doing this we obtained a measure of iliac crest trabccuiar
bone quality which was found to be markedly and significantly
reduced. This suggests that the histological abnormalities observed during fluoride administration may be reflected in a reduced quality of the bone. Naturally. we cannot say whether this
also applies to the vertebrae. However, in a study on experimental fluorosis in pigs (Mostkilde et al. 1987b). a decrease was
found in vertebral trabecular bone compressive strength. normalized with regard to ash content, despite a concurrent increase in
bone mass. This suggests that in the vertebrae an increased bone
mass does not necessarily indicate an improved bone quality.
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In normal individuals, a close relationship between the
strength of whole vertebral bodies and the strength of iliac trabccular bone has been demonstrated (Mosekilde & Mosckilde
1986). Thus, measurement of iliac crest trabccular bone strength
offers the ability to predict vertebral bone strength. However.
• this is not necessarily the case in osteoporotic individuals, where
the contribution of trabecular and cortical bone to the total vertebral body compressive strength may be different. Furthermore,
therapeutic agents may effect the different parts of the skeleton in
different ways depending on the site (trabecular proportion,
weight-bearing bone, red marrow, etc.). The biopsies tested in
this investigation were harvested from a nonloaded area of the
skeleton, and it is possible that the load-bearing and more clinical relevant area, the spine, reacts differently to therapeutic
interventions. This further limits our ability to draw conclusions
concerning fluoride's effect on vertebral bone strength.
The results in the present investigation conflict with a recent
study by Vesterby et al. (1991). In that study, a significant
• decrease in marrow space star volume in iliac crest biopsies was
found after 5 years of fluoride therapy, suggesting that increased
trabecular connectivity had been obtained. The authors proposed
that this could lead to an increase in bone strength. However,
consistent with our findin g s in iliac trabecular bone ash content,
Vesterby et al. observed no changes in trabecular bone volume.
Furthermore, an increased connectivity would not implicitly lead
to an increased strength if, indeed, the bone formed during fluoride administration is of poor quality.
•
Fluoride has been shown to induce a positive calcium and
phosphorous balance due to an increase in mineralization rate
and a decrease in resorption rate at bone organ level (Charles et
al. 1985). At tissue level. 5 years of fluoride therapy has been
shown to induce a positive bone balance per remodeling cycle in
iliac crest bone biopsies (Eriksen et al. 1985). This will eventually increase the thickness of existing trabeculae. These findings
would be expected to lead to an increase in bone stren gth. But,
again, if bone formed durin g fluoride therapy is of poor quality,
neither increased mass nor increased trabccular thickness would
directly translate into increased strength.
The present experimental circumstances do not fully reflect
normal biology. The testing of a biopsy of trabecular bone will
be a measure of material properties only, whereas fracture represents failure of the whole bone and, as such, depends on structural properties (geometric and material characteristics). Furthermore, application of a continuous compressive load until failure
in vitro is different from the repetitive compressive load experienced in normal life and may not reflect the load at which the
bone would fail in vivo. Consequently, it is uncertain to what
extent the results of this investigation can be extrapolated to

in

conditions.
It should also be stressed that this was an uncontrolled investigation.. and the results would have been more definitive had we
used a placebo-treated control group. However, in normal individuals. iliac crest trabecular bone stren g th and quality has been
shown to decrease by 1.09% per year (Mosckilde & Mosekilde
1986). and in untreated osteoporotic individuals, no significant
age-related reduction in iliac crest trabecular bone biomechanical
competence can be found, or at least is too small to detect (equation of regression of S m.. on age: y = -0.09x + 14.31. r =
-0.18. p = 0.21) (Segaard et al.. 1992). Wc, therefore, find it
highly unlikely that the observed 58% decrease in bone quality in
this study (equivalent to an average of more than 10% per year)
could be caused by aging alone.
vivo

We conclude that thc findings of this longitudinal study support the hypothesis that 5 years of .fluoride therapy C-ILISCS 3
marked loss of bone quality in the iliac crest of osteoporotic
individuals. As such, this investigation odds considerable weight

to the arguments against the general use of fluoride in the treat-

ment of osteoporosis.
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PREFACE

In 1993-94 the first comprehensive assessment of children's oral health needs ever
conducted in California was completed. This document summarizes some of the key
findings and recommendations from that massive effort.
The needs assessment was designed to determine the prevalence of major oral
diseases and conditions using a sample of more than 6,600 children from 156 schools in
10 geographic regions, selected to be as representative as possible of the state's
children in preschool through grade 12. The needs assessment was designed to allow,
wherever possible, comparison of the oral health status of California children with a
set of national oral health objectives for the year 2000, described in the document, Healthy
People 2000, 1 as well as with comparable national data collected during the 1980s.
While most oral diseases are relatively eas y and inexpensive to prevent, we
continue to see an epidemic of untreated oral diseases in California children, providing
a sobering reminder of our lack of commitment to children's oral health. Therefore, this
report presents an opportunit y—a call to action—to begin to address the shockingly
poor status of our children's oral health and the resulting needless cost in both human
and economic terms.
Recent support from The California Endowment will provide the resources to develop a
strategic plan to translate the findings of the needs assessment into action. The funding will also allow completion of an assessment of existing communit y resources,
essential information that is needed to produce a strategic plan.
Active collaboration of health professionals, advocates, philanthropies, government
representatives, and representatives of community organizations will be critical to the
success of this endeavor. Such a partnership will help assure that an action plan addresses the diversit y of California's communities and our most precious resource—our
children. As you read this report and share the information with others, consider how
you can influence policies, programs, allocation of resources, and personal behaviors
to address the epidemic of oral diseases that needlessly affects so man y of our children.
Jared 1. Fine, DDS, MPH, Chairman

The Dental Health Foundation and
Oral Health Needs Assessment Proti'ssional Advisory Committee
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ORAL DISEASES A Neglected Epidemic
PIDEMICS CAN BE RAPIDLY SPREADING, SELF-LIMITING DISEASES

such as the flu, that

infect large numbers of people for a short period of time, or slow, insidious and deadly
diseases such as AIDS. Today in the U.S. and worldwide we seem to be complacent about an
epidemic of oral diseases that affects both children and adults.
The term "oral" disease is used instead of "dental" disease because
diseases of the mouth affect more than just the teeth; they involve the gums,
palate, tongue, the inside of the cheeks, bones, and other structures that support the teeth. Oral diseases such as gingivitis (early gum disease) and dental caries (tooth decay) are infections and are not self-limiting. Daily self-care
such as toothbrushing is needed to reverse gingivitis to healthy gum tissue,
and decayed teeth require professional treatment to remove the infection
and restore tooth function.

• Oral diseases
continue to be the
most prevalent
and also the most
untreated diseases
of children in
California and the

Oral diseases can cause significant pain, interference with eating, poor self-image, overuse of emergency rooms, and valuable time lost from school and work. In the U.S. in 1989, over
20 million work days and 51 million school hours were lost due to dental-related illness.' In
some cases, untreated oral diseases have resulted in death. Waiting until oral diseases appear
and then treating them will never control the epidemic. We need to prevent the diseases from
ever occurring.
While the mouth is a unique part of our
body, it is intimately connected to other body
systems and is vital to our overall functioning and health. Teeth are live organs with
blood vessels and nerves. Unlike other organs in our bodies, however, teeth have long been
viewed as "expendable."
Thirty-four percent of
Americans no longer have
Advanced Dental Infection

Oral Diseases—A Neglected Epidemic

any of their natural teeth.'

A lifetime of oral

disease... is this
what California
children have to
look forward to?
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Key Findings from the
Oral Health Needs Assessment
California Children
Experiencing Tooth Decay

California 10th Graders in
Need of Dental Care

100%
78%
69%

46%
50

Preschool

•

•

K-3

10th grade

In Need ni
Urgent Cate

MI In Need
Lit. di Care

NI. Care
Needed

Almost 1/3 of preschoolers and
more than 2/3 of elementary
and high school children have
experienced tooth decay.

•

21% of tenth graders are in
urgent need of dental care for
extensive decay, pain or
infection.

More than 1/2 of all school-age
children have untreated tooth
decay.

•

61% of tenth graders have
periodontal (gum) disease
requiring professional treatment.
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How Do California Children Compare
to Children in Other States?
Significant improvements in the nation's oral health have occurred over
recent decades, although these gains have not been realized equally by all
Americans. Among school-age children in the U.S., 25% experience 75% of
the tooth decay.' That 25% typically represents children who are from economically or socially disadvantaged families, children who have some type
of disabling condition, or children who experience other barriers to preventive and treatment services. Man y children who experience oral
diseases early in childhood continue to experience dental problems the rest

California children
have much higher rates
of oral disease today
than their counterparts did in national
studies conducted ten
years ago.

of their lives.
In California, however, our children are
in decidedly worse shape. For example, Figure
1 shows that in 1993-94, the percentage of 6-8year-olds with untreated decay was more than

1 00%

50

27%
20%

California
1993-94

U .S.
1986-07

U.S.

Objective
2000

Figure 1. Untreated Tooth Decay
in Children Ages 6-8

twice as high as the U.S. average for this age
group in 1986-87, and 175% higher than the Year
2000 objective for the nation.
Not that many years ago, other states
looked to California as a pacesetter and innovator in public health efforts, especiall y preven-

tion and health promotion. Yet with only 16%
of the state's population benefiting from fluoridated drinking water, a public health measure proven to prevent tooth decay, California ranks
a dismal 47th in the nation."

4

Access to professionally applied preventive measures such as dental sealants is equally
discouraging. Despite the fact that ages 6-8 are
the optimal years for application of sealants to
first permanent molars to protect them from
decay, only 10% of California children in this age
group had received sealants (Figure 2). In states

.50%0

50%
40

30

26%,
19%

/0
10

21%

10 %

such as Ohio, where the state health department
and the dental profession have worked together
to actively promote sealants, the proportion of
children in this age group with sealants increased from 11% in 1986-87 to 26% in 1992-93!
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0
California

Ohio

1.Vashington

U.S.

1993-94

1992-93

1993-94

1908-91

U.S.
Objective
2000

Figure 2. Sealants in Children Age 8
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Looking at personal preventive behaviors, more than 30% of parents
of preschoolers report using feeding practices such as nighttime bottles that
may contribute to early development of tooth decay. An uninformed public
and lack of resources to adequately inform a multicultural population about
oral diseases and appropriate preventive measures further exacerbate the
continuing epidemic of tooth decay.
Preventive services are the least expensive t ype of dental services, and
they result in long-term cost savings to individuals and to society. Advances
in dental materials such as sealants and over-the-counter oral care products

diseases such as
dental caries (tooth
decay) and gingivitis
(early gum disease)
are almost entirely
preventable, yet appropriate preventive
measures are not
being used.
Oral

for home use enhance our ability to prevent most oral diseases. Yet economic factors and other daily priorities still interfere with families using
these products.
Once oral diseases occur, they require timel y treatment and follow-up
or they progress to chronic conditions that cause irreversible damage. Families who lack dental insurance, have inadequate coverage, or encounter other
obstacles to dental care, therefore, are caught in a cycle of chronic oral diseases and dental disability This is not an acceptable future for our children
and families.
The remainder of this report provides additional detail on:
the process used to conduct the needs assessment
findings on oral diseases from the oral exams and on use of

We have the
resources and the
technology to
address this problem. What we lack is
the commitment to
achieve oral health
for all California
children.

preventive practices from the parent questionnaires
how California findings compare to national data and the Year 2000 objectives
z'a- selected recommendations based on the findings
the strategic planning process that will create an oral health action plan for children.
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PLANNING FOR CHANGE
EPIDEMICS ARE NOT CONTROLLED OVERNIGHT.

Oral diseases that impair our children's health

are broad, community-based problems that require a coordinated, community approach to resolve. A process that can be used to improve the oral health of our children is displayed in
Figure 3.

Step
Assess and Document
Statewide Needs

Step 7:
Evaluate Effectiveness
of Measures

Step 6:
Institute Measures to
Create Change

6

Step 5:
Develop Strategic Plan
and Advocate for Change

Step 2:
Analyze Data, Identify
and Categorize Needs

Step 3:
Generate and Prioritize
Recommendations

Step 4:
Disseminate Information
to Stakeholders

Figure 3. Planning Cycle to Improve Oral Health
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CONDUCTING THE
NEEDS ASSESSMENT
THE ORAL HEALTH NEEDS ASSESSMENT—Step 1 in the planning cycle—
was a massive undertaking involving the cooperation of thousands of
families throughout the state. The Dental Health Foundation led this effort with funding from the California Department of Health Services, Maternal and Child Health Branch, and The California Wellness Foundation.
The Appendix lists some of the individuals, agencies and schools involved.
Professional Advisor y Committee members provided input on the sampling frame,
size, and representativeness; types of data to be collected; and data collection and
reporting methods.
Five workgroups assisted in developing protocols for the epidemiologic surve y and
for recruiting, training, and standardizing dental examiners, recorders, and site
coordinators.
Teams of dental examiners (23 dentist examiners, 31 recorders, and 10 regional
coordinators) collected data for the study between October 1993 and January 1994.
A sample of 6,643 children in 156 schools in 10 geographic regions received oral
examinations after their families completed consent forms and questionnaires. The
sample included:
•

2,520 preschool children in 44 Head Start programs and 40 non-Head Start programs

DI

3,225 children in grades K-3 in 32 schools

Et

898 tenth-grade children in 40 high schools.

The sample was chosen by urban/rural residence, fluoridation status of the community, and
ethnicity. Figure 4 displays the ethnic distribution.
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In addition to the examinations and
parent surveys, "key informant" questionnaires were completed by 336 physicians, 735
dentists and 598 communit y leaders (school
nurses, local health officials, school teachers,
elected officials, and others). Questions assessed their perceptions of the oral health
needs of children and the potential for
change in improving oral health through
government and communit y action. Data
from these surveys still require analysis and
will be presented in future reports. Additional information about the stud y methodology and anal ysis of the oral epidemiologic data is
contained in a technical background document, Report of the California Oral Health Needs Assess-

ment of Children, 1993-94.8
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ACHIEVING ORAL HEALTH
NATIONALLY, THE PROPORTION OF SCHOOL-AGE CHILDREN who

now have "caries-free" permanent teeth has more than doubled
during the last 20 years, primaril y as a result of drinking fluoridated
water, using fluoride toothpastes, ha y ing sealants applied, and a higher
rate of dental visits. For example, in the U.S. in 1986-87, almost half
(47%) of all 6-8-year-olds were caries-free (had never had a cavit y). In
California almost 10 years later, though, only 27% of children in this age
group, and only 29% of 15- year-olds, are caries-free.
Healthy People 2000' contains 16 national objectives specific to oral health. The California

report addresses seven of these objectives that are directly related to children. Each objective covers
a specific oral disease or a method of disease prevention and references comparable national data.
For purposes of comparison with the Healthy People 2000 objectives, the California data are reported by the same age groupings-6-8-year-olds and 15-year-olds—rather than by grade levels.

Dental Caries (Tooth Decay)
Preschool Children
Tooth deca y can begin as soon as the first tooth erupts into the mouth, usually around six months
of age, if teeth are exposed to certain bacteria and foods that cause tooth deca y. Dental caries is
an infectious disease. Children are not born with these bacteria—the y acquire them, usuall y from
their caretakers. If the parents' dental health is poor, the y place their child at risk for developing dental caries.
Bab y Bottle Tooth Decay (BBTD) is a severe form of earl y childhood caries caused by
frequent or prolonged use of nursing bottles that
contain liquids with natural or added sugars,

9

e.g., milk, sugared water, fruit juices. The liquid
pools around the upper front and back teeth,
creating a perfect environment for bacteria to initiate tooth deca y. Children with such an early
onset of deca y are more prone to developing
dental caries in other teeth as they erupt.4
In addition to bottlefeeding practices,
continued use of a sweetened pacifier or
breastfeed Mg at will without cleaning the child's
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teeth can cause a similar pattern of early childhood caries. m Educating parents about prevention of early childhood caries through appropriate feeding practices, toothbrushing, and use of
fluorides is a crucial step in preventing this destructive cycle. The following Year 2000 objective
addresses the need for parent education.
Increase to at least 75% the proportion of parents and caregivers who use .feeding practices that prevent
Bahl! Bottle Tooth Deem,'.

Figure 5 compares California's rate for this objective, based on parents' self-reports, to the
1991 U.S. baseline and the Year 2000 national objective. Although we're making progress toward
meeting the Year 2000 objective, parents with lower educational levels are still far behind.
.11 All

parents in sample

Parents not hieh school vatioates

65':;$

Figure 5.
31)
Parents Who Use
Feeding Practices That

Prevent BBTD
California
I 993-94

U.S.
19'11

U.S. Ohiecike
'20011

Among California preschool children, 31% had at least one tooth that was decayed or
filled, and 27% had untreated decay. Preschoolers in non-fluoridated urban and rural areas had
17% and 200% higher rates of decay, respectively, than their counterparts in fluoridated urban
areas. Preschoolers in Head Start programs had decay rates that on average were 164% higher
than those of children in other preschool settings.
Between 12 and 14% of all preschool children had Baby Bottle Tooth Decay (BBTD), depending on how the condition is defined. Children in Head Start programs had BBTD rates
that were from 19 to 30% higher than those of children in other preschool settings.
School-age Children

10

Findings from the most recent national study
show that 38% of children aged 2-9 years had
untreated decay or fillings in their primary teeth,
and 45% of children aged 5-17 years had untreated decay or fillings in their permanent
teeth.' Primary teeth are necessary for chewing
and pronouncing specific speech sounds. They
hold space for developing permanent teeth and
contribute to a child's self-esteem. Tooth decay
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can interfere with any of these functions and create unnecessary pain, suffering, and expense.
Pain and altered appearance can lead to embarrassment and interfere with social skills, attention span, learning, and overall physical health and performance. Dental caries in permanent
teeth is equally, if not more, devastating, since restorative materials (e.g., fillings, crowns) need
periodic replacement, loss of natural tooth structure weakens the tooth, and some teeth may
require extraction.
"rwo Year 2000 objectives address tooth deca y in elementary and high school children.
•

Reduce dental caries so that the proportion of children with one or more caries (in primary or
permanent teeth ) is no more than 35% among children ages 6-8 and no more than 60% among
•

•

adolescents aged 15.
Reduce untreated dental caries so that the proportion of children with untreated caries (in primary or permanent teeth ) is no more than 20% among children ages 6-8 and no more than 15%
among adolescents aged 15.

The dental caries experience of 6-8-year-olds and 15-year-olds is compared with 1986-87
U.S. data and the Year 2000 objectives in Figures 6 and 7. These graphs show the percentage of
children who have one or more teeth showing evidence of any tooth decay (filled or untreated)
versus children who have one or more teeth that show untreated dental decay (which is one
indicator of unmet need). All children in the sample and those whose parents have less than a
high school education also are compared.

Any Decay
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All Children
Untreated Decay

No Data or Objective

• Children whose parents have less than high school education !
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100%
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Figure 6. Tooth Decay in
Children Ages 6-8
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Figure 7. Tooth Decay in
Children Age 15
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These data show the dramatic disparities between California

Children in nonfluoridated areas had
36-54% more tooth
decay than those in
fluoridated areas.

•

children and children in the rest of the nation. The data also illustrate the fact
that children from families with lower educational achievement have substantiall y higher rates of decay than all children as a group. Children in both age
groups had an average of 4 teeth with untreated decay or fillings, and 13% of
both age groups had 9 or more teeth with untreated decay or fillings.

Figures 8(a) and 8(b) show variations in children with untreated decay by ethnicity compared to the U.S. baseline and the year 2000 objective. Among 6-8-year-olds, 60% of AfricanAmericans, 66% of Latino/Hispanics, and 71% of Asians had untreated decay. Among 15-yearolds, 65-66% of both African-American and Latino/Hispanic children had untreated decay.
(
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Untreated Decay by Age/Ethnicity
The next few national objectives relate to preventive measures that would enable more
children to remain caries-free as well as free from other oral diseases.

Prevention Measures
A variety of methods can be used to prevent oral diseases. Table 1 displays examples of methods classified as communit y efforts, professional efforts, or personal efforts.

12
Community

Professional

Personal

• VVater fluoridation

• Dental sealants

• Toothl.)rusing and ill ssint2

• Laws u) restrict alcohol and
tobacco use

• Fittoridt.! ....,c_d application

• Health y feedine, arid eatirr.;
!tract lc:es

• Boycott of babv bottles that
display soil drink lop.os
• Schooi policies that require
rnoutlit.tuardsrlurinu contact
sportS

• Counselit y..; about
• i )enial exanls b y at,..,(2 one

• Fluoride loothpasti_! anti
rinses
• Niouiliguttruls (lurint2 cont,ict
t)orts
• ":.-)av 110 0 to alcohol and
tobacco

Table 1. Measures to Prevent Oral Diseases

Achieving Oral Health

▪

The Oral Health of California's Children
A NEGLECTED -EPIDEMIC
Selected Findings and Recommendations from the
California Oral Health Needs Assessment of Children, 1993-94

Fluorides
Recent surveys on dental caries in adults show that tooth decay is not
• The lifetime cost of
just a childhood disease, but also is a major chronic disease of adults."
• water fluoridation
Use of fluorides, especially water fluoridation, starting in infancy and
• per person is equal to
continuing throughout the lifespan is the most cost-effective measure
the cost of one dental
we have to prevent tooth deca y." In addition to preventing tooth decay,
research also shows that fluoride can halt the progression of the early
stages of decay." The Year 2000 objective for water fluoridation is to "Increase to at least 75% the
proportion of people served by community water supplies providing optimal levels of fluoride." The U.S.
baseline in 1989 was 62%; California still is at 16%.' A three-year study in the early 1990s on public
support of water fluoridation in California revealed that 71% of adults surve yed favored water
fluoridation." In 1995 Assembly Bill 733, a law requiring fluoridation of all communities with
water systems having at least 10,000 connections (about 25,000 people), was enacted. 15 Although
no funds were allocated for this endeavor, funding and implementation efforts have alread y begun. Full implementation, however, will likel y require years to achieve.
After fluoridation, the next most cost-effective and accessible way to acquire the protective benefits of fluoride is through the use of fluoride toothpastes and mouthrinses. 2 These
provide consistent preventive benefits regardless of whether the water supply is fluoridated.
They do require, however, personal compliance on at least a daily basis—a practice that is often
interrupted by other daily priorities. For those residing in non-fluoridated areas, fluoride supplements (tablets or liquid drops) are sometimes used as substitutes for water fluoridation. These
supplements, however, are more expensive, require a prescription for their use, and require
dail y use throughout childhood for maximum effectiveness. The following Year 2000 objective
relates to the use of fluorides in sub-optimall y fluoridated areas.
use of professionallu ii SCitlatnitiniStrren topiCni or systemic fluorides toot tens, S5",,,11110,1
Increase
people not receit , ing Optimally .fluoridated pul niiC ;Cater.
In the parent surveys that were conducted as part of the needs assessment, six questions
asked about use of toothpaste, fluoride supplements, and home or school fluoride rinses for the
appropriate age categories. Table 2 compares findings from the three California age groups
with 1989 national data and the Year 2000 objective.
CA
Preschool

CA
K-3

CA
1 0th Grade

U.S.
1989

U.S. Objective
2000

F Supplement
Rinse (School
or Home)
.Jr•onl.if n •

Table 2. Use of Fluorides in Non-Fluoridated Areas
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Rates of fluoride toothpaste use (82-95%)
exceed the objective in some groups, but use of
the other fluoride products is far below recommended levels.

Dental Sealants
Dental sealants work hand-in-hand with fluoride to prevent tooth decay. Fluoride primarily
protects the smooth surfaces of teeth, and sealants protect the pits and fissures (grooves),
mainly on the chewing surfaces of the back
teeth. Although pit and fissure tooth surfaces

Dental Sealants Being Applied

onl y comprise about 15% of all permanent tooth
surfaces, they were the site of 83% of tooth deca y in U.S. children in 1986-87.16
Dental sealants are transparent or tooth-colored, plastic-like coatings that cover the pits
and grooves that harbor decay-causing bacteria. Sealant application does not damage tooth structure or require the use of anesthesia. Sealants are safe, painless, and take only a few minutes to
apply. In addition to sealants placed in dental offices, school-based sealant programs in several
states have been very successful in reducing caries rates.'7
The Year 2000 objective for sealants calls for the nation to "Increase to at least 50% the propor-

tion of children who have received protective sealants on the chewing surfaces of the permanent molar teeth."
Data from the California survey and 1986-87 national data are highlighted in Figure 9.
Widespread acceptance of sealants as a preLA o w t-".1

.S.

/iot
..:1)f 11

50%

50%

ventive measure has been slow in the U.S.' 7 The
extremel y low rates in California probably reflect a variety of circumstances: dentists have been
slow to recommend them; they were not a covered benefit under the Medi-Cal dental program
until 1993; few school-based sealant programs
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exist in the state; parents were unaware of the
benefits of sealants and did not request them for
their children; high caries rates mean fewer de-

0
AGE 8

AGE 14
t IS for CAI

Figure 9. Children Who Have
Received Sealants
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cay-free teeth are available to be sealed; and infrequent dental visits dela y application so long
that teeth have a chance to decay.
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The percentage of 8-vear-olds with sealants varied widely across subgroups from a low
of 0.6% of Latino children in rural areas to a high of 54% of non-poor White children in fluoridated areas. In the 15-year-olds, rates ranged from 0% to 38% in these subgroups. A higher
proportion of children with sealants were from fluoridated areas, possibly because they had
more caries-free teeth available to seal.
Early Dental Visits
Effective prevention begins with earl y dental visits for young children. Those first visits with a
dentist and dental hygienist provide an opportunity to educate parents about techniques for
promoting the oral health of their children. However, by the time a child first visits a dentist,
often delayed until age three or older, oral problems may already be present.
Preventing oral problems requires a commitment by providers of
both oral health care and pediatric primar y care to communicate necessary
information and demonstrate home care skills to parents and caregivers.
Dental providers are critical to the prevention, early detection, diagnosis,
and treatment of oral conditions, as well as the prevention, detection and
referral of a multitude of general health conditions. Dentistry's long history of screening and referral for a multitude of diseases, including the
detection of child abuse, illustrates why oral health must be considered an
integral part of primary health care for infants and young children.
Parents in the California surve y were asked about recent dental
visits and dental insurance coverage for their children. The following
Year 2000 objective addresses the issue of earl y dental visits.

Pediatric dentists
recommend the first
dental visit for a child
by age one for a
check-up and counseling with parents.'s
in 1986 in the U.S.,
only 25% of all
children aged two
had ever visited a
dentist.''

Ii civase to at least 90"/. the proportion of children entering school programs
Pr the_tirsi time
Tl'hO mine

received an oral health screening, re-

ferral and _follow-up for necessary diagnostic.
preventive and treatment services.

School "programs" in this case include Head Start, pre-kindergarten, kindergarten, and first grade. California data for
ever having a dental visit are presented in

Table 3 (pg. 16) in more detail than the 1986
national data or the Year 2000 objective.
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California
All preschools

U.S. Baseline

1986

U.S. Objective
2000

56°A,

Head Start
non-Head Start

70"4,
i 71%

Kindergarten
Grade 1

Table 3. Children Who Have Ever Had a Dental Visit
The data reflect a higher percentage of California children receiving an initial dental examination than the national baseline, although the Year 2000 objective has not yet been reached.
Additional data from the survey indicate that, even among high school students, 12% have
never visited a dentist. A wide range of dental utilization existed among subgroups by ethnicity
and geographic region. Children in Head Start programs had higher visit rates than non-Head
Start preschool children, most likely because Head Start policies require dental visits and referrals for care, and many of these children have Medi-Cal dental coverage.

•

• In the California
survey, 28% of
upon entry into the school system. Federal law requires that Medicaid elithe entire sample
gible children be referred to a dentist annually beginning at age three years. N •
• had no prin of
Unlike other states, California's Medi-Cal program only reimburses each •
• dental insurance.
dentist for one lifetime
In California, there is no public policy or law requiring a dental visit

annual exam per person (except for institutionalized •

persons). 2 ' It is clear that more coordinated efforts for screening, education and referral are
needed, along with changes in policies that
.

.

uo4col

oi (1 IN 111,11

restrict regular access to dental care.
Dental examinations revealed the need

1 00

for dental treatment and the urgency of that
need due to extensive tooth decay, pain or in16

54%

54% fection. Figure 10 reveals that many of our chil-

47%

30

dren are suffering unnecessar y pain and infection.
In the U.S., 150 million people lack den-

7:71
All
Preschool

Head
Start

tal insurance, and millions more are
Kl

High
S chi

underinsured.' In the California survey, 26%
of preschoolers, 28% of the K-3 sample, and

Figure 10. California Children
Needing Dental Care
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44% of high school students had no dental insurance coverage. Medi-Cal covered 21% of
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the preschoolers, 34% of the K-3 children and 10% of the high school students. The rest were
covered by military, private or other insurance. Figure 11 displays insurance coverage of children in the three samples.

Private
:n .o'

A

Private

Private

Militar y. Other

Military. Other

I '!". n

Medi-Cal
Medi-Cal

ELEMENTARY

PRESCHOOL

Military, Other

HIGH SCHOOL

Figure 11. Dental Insurance Coverage

Gingivitis and
Periodontal Disease
Although the Year 2000 objectives do not include an objective related to gum disease in children, the Professional Advisory Committee felt it was important to collect data on these conditions, since they often are overshadowed by dental caries statistics. Of the entire high school
sample, 11% had gingivitis (early gum disease) that can be reversed to a state of health through
toothbrushing and flossing, 39% had early periodontal damage, 5% had tartar and 6% had
advanced disease. Advanced periodontal disease can lead to abscesses, loose teeth and tooth
loss. For individuals with immune deficiencies
or valvular. heart disease, periodontal disease
can be life-threatening. Regular visits to a dentist or dental hygienist for prophylaxis (tooth
scaling and polishing) are an integral component of any prevention program. Such visits also
allow providers the opportunity to educate and
monitor patients in their self-care techniques.
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CHALLENGES FOR MAKING
ORAL HEALTH A PRIORITY
CLEARLY, THERE IS MUCH TO BE DONE ON THE ROAD TOWARD OPTIMAL ORAL HEALTH.

For example:
?IL

How do we approach oral health education/promotion in this cultural melting pot?

e11-.

How do teachers in overcrowded classrooms integrate oral health concepts in a meaningful way, without causing embarrassment to children who already have dental abscesses, are in pain, and have never owned a toothbrush?

Z.&

How can we maximize the use of preventive procedures while still addressing the backlog of unmet dental treatment needs?
What barriers can we reduce to help prevent oral diseases in children and assure access
to routine dental care?
What policies can be changed to facilitate increased access and fair reimbursement for
services? How can we encourage more cooperation and coordination between publicly-supported dental programs and private dental practices, and between dental
providers and medical providers?

4&• How can more oral health messages be integrated into general
wellness and health promotion programs?
Can funds be committed to measure the health outcomes of oral
health promotion and prevention programs?
Can we increase productivity and decrease administrative
barriers in government-funded programs?

• Oral health

• should not be
•
• another area in
• which we continue
• to fail our children.

•
What innovative models can be used to increase access to preventive services and dental care among rural or isolated populations?

18

Just as oral health is a necessary part of general health, dental care is a necessary component of
primary care. Although the United States is one of the most developed countries in the world,
we are one of the few that does not provide a national oral health care program for children.
State and local public health capacity to develop, support, and implement public policies and
programs for dental care also is lacking in California. In 1994, the Department of Health Services eliminated the position of Chief of the Dental Health Section. National studies document
that substantiall y more oral health activities occur in states with full-time dental directors.22
Such leadership is essential to meet state and national oral health objectives, provide technical
assistance to local communities, and assure that individuals at greatest risk for oral diseases
have equal access to effective preventive measures and quality dental care.

Challenges for Making Oral Health a Priority
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SELECTED RECOMMENDATIONS
OPPORTUNITIES FOR ACTION

THE PROFESSIONAL ADVISORY COMMITTEE

to the California Oral Health Needs Assess-

ment developed a preliminary list of 182 recommendations for future action. This list was then
ranked by a subcommittee of the Advisory Committee, and the major recommendations categorized under five major focus areas. These general recommendations—Step 3 of the planning cycle—
will form the basis for specific action steps to be included in an oral health plan for children.

Community Water Fluoridation
These recommendations address the implementation aspects of the fluoridation law and urge promotion
of fluoridation in communities not covered by the new law.
•

Seek financial support for capital, operations and maintenance costs for community
water fluoridation.

•

Support local community water fluoridation efforts (e.g., through development of
printed patient education materials, sample editorials and letters to newspapers, "bill
stuffers," and spokesperson training).

111 Develop community awareness campaigns for water fluoridation in non-fluoridated areas.

Early Childhood Caries Prevention
A variety of community-based and individual prevention strategies are needed to address the high rate of
preschool tooth decay, particularly Baby Bottle Tooth Decay.
•

Encourage an ongoing education program directed at parents and caregivers to prevent tooth decay by using appropriate feeding practices: breastfeeding, use of nursing
bottles and pacifiers, restriction of sugary foods and drinks.

•

Promote and fund innovative community-based early childhood dental caries prevention programs that include an emphasis on early and periodic screening, diagnosis
and treatment of BBTD and how to counsel parents and caregivers about healthy feeding practices.

•

Develop mass media community awareness campaigns on prevention of early childhood dental caries.

School- and Community-Based Preventive Dental Programs
To increase children's access to preventive services, programs need to be expanded into school settings
and integrated with other health programs. These recommendations call for coordinated systems of health
promotion, screening, and referral.
•

Fund expansion of school- and community-based preventive dental programs (e.g.,
more schools, grades, preventive services, information programs for parents.)

Selected Recommendations
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Fund school-based dental sealant programs for low-income children not covered by

•

private insurance or publicly-funded programs such as Denti-Cal.
Facilitate collaboration and referral between school-based preventive dental programs

•

and providers of ongoing dental care.
•

Promote the widespread application of dental sealants, particularly in children at risk
for dental caries, by reducing professional and personal barriers to their use.

•

Increase prescription of fluoride supplements by medical and dental professionals in
non-fluoridated areas until water fluoridation can be achieved.

Improved Access to Dental Care
Significant and unique barriers exist for many families trying to access dental care. Personal and cultural barriers combined with economic factors and overcrowded or inefficient systems of care can seem
insurmountable. Barriers such as inadequate reimbursement, high cancellation rates, administrative
paperwork, restrictions on care, or other factors also affect providers of dental care. These recommendations seek to reduce sonic of these barriers and encourage early detection, referral and treatment of dental
problems.
•

Reimburse dental providers for procedures at a reasonable level to at least cover the
cost of providing the services.

•

Require reimbursement for oral health education as a component of health insurance plans.

•

Explore the feasibility of requiring that every child have a certificate of completed dental care at entry to elementary school.

•

Fund a variety of community-based dental care delivery systems for underserved children, (e.g., school-based clinics, portable dental equipment in schools, shared dental
equipment between different programs, mobile dental vans.)

•

Educate healthcare professionals and community outreach workers about the need for
early and periodic screening, diagnosis and treatment for dental problems, including
the requirements of the State's Child Health and Disability Prevention (CHDP) program, the revised examination schedule, and the need for cross-referrals between dental and medical providers.

20

SI

Increase utilization of allied dental health care providers in oral screenings and oral
health education programs.

•

Reduce the level of administrative paperwork required of publicly-funded dental programs.

•

Explore methods to expand dental insurance benefits for all children.

•

Increase funding for dental treatment for children from low income families in Healthy
Start programs.

[3 Encourage Child Health and Disabilit y Prevention (CHDP) programs to assure link-

ages to ongoing dental care in conjunction with school-based services.

Selected Recommendations
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•

Increase the capacity of traditional and safety-net providers to deliver dental services
to underserved children.

•

Evaluate the effectiveness of school-based dental programs as an entry point to wellchild services for underserved children.

•

Establish systems within existing school-based dental disease prevention programs
to include referral for urgent dental care.

▪

Expand the network of providers in communities who will meet the urgent dental care
needs of children.

▪

Expand the availability of dental treatment funds through Proposition 99 (the Tobacco
Tax Initiative.)

▪

Eliminate existing policies that require physician examination as a prerequisite for dental
treatment.

•

Increase the scope of covered services to young children enrolled in dental insurance
plans.

•

Establish standards in publicly-funded dental programs for acceptable outcomes (e.g.,
proportion of eligible children who complete a prescribed treatment series.)

•

Require Child Health and Disability Prevention programs to develop memoranda of
understanding (MOUs) with Medi-Cal medical managed care plans to assure appropriate access to dental care.

Strengthening Capacity of the Public Sector
These recommendations pertain to the traditional roles of public health agencies--assessment (e.g., conducting periodic oral health needs assessments), policy development, and assurance (e.g., providing directly or otherwise assuring that necessary services are available and accessible to those who need them).
Although these recommendations were not derived directly from the findings of the Oral Health Needs
Assessment, they are, nevertheless, critical to the success of any efforts to improve children's oral health.
111 Provide for a state dental director position in the Department of Health Services, with
expertise in dental public health, to be responsible for the periodic assessment of oral
diseases and dental care needs, and the development of appropriate preventive programs.
▪

Provide for county or regional dental director positions, with expertise in dental public
health, throughout California.

•

Conduct oral health needs assessments every five years, including an evaluation of
existing resources/available capacity, to identify gaps in services and resources and to
determine effectiveness of interventions.

•

Provide training and technical assistance to local communities interested in evaluating
the oral health status of their communities.

Selected Recommendations
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STRATEGIC PLANNING
THE NEXT STEPS
STEP

4 OF THE PLANNING CYCLE INVOLVES THE WIDESPREAD DISTRIBUTION OF THIS REPORT

and the technical background document. Selected findings and recommendations are being presented at meetings of professional groups, and articles are being published in scientific journals.
However, additional avenues are needed to inform those committed to our children's future.
Recent funding from The California Endowment will enable The
Dental Health Foundation to assemble a statewide coalition and provide
technical assistance to regional and local planning efforts. In 1992, over
700 people attended seven all-day oral health regional planning sessions
through the Dental Access Project, conducted by The Dental Health
Foundation and supported by the State's Child Health and Disability
Prevention program. Forty local coalitions were formed; almost half of
these still are active. The rest need to be reactivated and others formed.
A statewide coalition will:
•

review the Oral Health Needs Assessment data and preliminary recommendations

•

identify gaps

!I prioritize needs for statewide action
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•
• The Dental Health
•
Foundation's mission
of providing leadership
• in education, advocacy
and policy develop- ment places it in a
prime position to
•• facilitate the strategic
planning process.

•

develop goals, as well as long-term and short-term objectives

•

negotiate roles and responsibilities.

These meetings should serve as a framework for a statewide oral health
action plan. The establishment of an infrastructure that includes dental
public health leadership at the state and local levels will help facilitate
development of community-based programs. The expertise of private practitioners, county clinics, school personnel, early childhood education
specialists, family support groups, advocacy organizations, philanthropies,
and others will be tapped to develop action plans that address local identified priorities.

A more functional
partnership is needed
between the ITU71111
state agencies that
address children's
health and the many
other public and private organizations that
provide advocacy and
services for children
and their families.

State and local agencies are constantly asked to stretch dwindling resources to cover increased demands for services. The oral health of our children should not become a victim of this
process as it has been for so long. The programs and policies generated as a result of the
planning process need to be scientificall y sound and include an evaluation plan with health
outcome measures.

Strategic Planning—The Next Steps
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California cannot lose the modest gains that have been made : Today is a tu'rning
as a result of preventive services and education. The current epi- : point... We will need
demic of oral diseases is an epidemic that need not be. Now is the
to generate energy
time to make your own unique contribution to the oral health of
from all sources and
California's children.
• focus it in the most

•,
efficient, cost-effective
strategies.
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Preschools

City, County

Berkeley YMCA Head Start Center
Berkeley, Alameda
Montessori School of Fremont
Fremont, Alameda
Southern Alameda Co. Head Start-Hacienda
Fremont, Alameda
Helen Turner Children's Center
Hayward, Alameda
San Antonio Park Head Start Center
Oakland, Alameda
Lil Country Play School
Colusa, Colusa
Our Lady of Lourdes
Colusa, Colusa
Colusa Co. Arbuckle Head Start
Colusa, Colusa
Colusa Co. Site B, Head Start
Colusa, Colusa
Williams Head Start
Colusa, Colusa
Head Start UCSSO Oakley
Oakley, Contra Costa
YMCA Children's Center
Pinole, Contra Costa
Contra Costa Head Start-Belding
Richmond, Contra Costa
New Destinies Child Care Center
Richmond, Contra Costa
Firebaugh Migrant Head Start
Firebaugh, Fresno
Huron Migrant Head Start
Huron, Fresno
Wee Adventures
Kerman, Fresno
Earl y Enrichment Center - Northwest
Pinedale, Fresno
Chapter One School
Reedlev, Fresno
Kel-Sun Child Development Service
Sanger, Fresno
Lincoln Preschool
Sanger, Fresno
Kelseyville Preschool
Kelseyville, Lake
Burns Valley School Child Development Center
Lakeport, Lake
Christian Center
Lakeport, Lake
Atlantic Head Start
Long Beach, Los Angeles
Carmelitos Head Start
Long Beach, Los Angeles
Cedar Head Start
Long Beach, Los Angeles
Mann Child Development Center
Long Beach, Los Angeles
Our Saviour's Lutheran Preschool
Long Beach. Los Angeles
Patrick Henry Head Start
Long Beach, Los Angeles
St. John Head Start
Long Beach, Los Angeles
City of Azusa Head Start
Azusa, Los Angeles
Rainbow Christian
Azusa, Los Angeles
Playmates Preschool
Burbank, Los Angeles
Rainbow Child Development Center
Compton, Los Angeles
Duarte Unified SD Head Start
Duarte, Los Angeles
Choi Hung Head Start
Los Angeles, Los Angeles
Hikari Head Start
Los Angeles, Los Angeles
Imperial Courts Head Start
Los Angeles, Los Angeles
La Trinidad Head Start/ABC Child Devel. Center Los Angeles, Los Angeles
LAC/USC Medical Center Employees Child Care Los Angeles, Los Angeles
Sunol Head Start
Los Angeles, Los Angeles
Trinity Lutheran Preschool & Day Nursery
Los Angeles, Los Angeles
Vernon CDC Head Start
Los Angeles, Los Angeles
Montessori School of Phillips Ranch
Pomona, Los Angeles
Brighter Days Montessori
Rancho Palos Verdes, Los Angeles
Cabrillo Avenue Children's Center
San Pedro, Los Angeles
James Monroe Preschool
Madera, Madera
Millview State Preschool
Madera, Madera
Sierra Vista Preschool
Madera, Madera
Costa Mesa Head Start
Costa Mesa, Orange
City of La Habra Head Start
La Habra, Orange
Abiding Savior Lutheran
Lake Forest, Orange
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Placentia/Buena Park Head Start
Unicare Children Center
Childhelp USA Head Start
Palo Verde Head Start
Education Station
Montessori Children's House
Marshall Children's Center Head Start
Natomas Head Start
La Petite Academy
Children's World
Del Rosa Head Start
H Street Head Start
MAAC Project, Pauma Valle y Head Start
Lighthouse Early Childhood Center
NHA Linda Vista Head Start
Wee Care Preschool
MAAC Project -Vista Head Start
Community Children's Nursery
Kai Ming Head Start-Clay
Mission Head Start-Regina Chiong
Mission Head Start-Valencia
Pacific Primary
San Francisco Head Start -0MI
San Francisco Head Start-Westside
SFUSD-Raphael Weill Nursery
SFUSD-Theresa S. Mahler
Yook Yau Ji Ga Day Care
Children's World Learning Center
La Petite Academy
Lincoln Head Start
Small World ABC
Willow/Sacred Heart Head Start
Solano Comm College Children's Program
Head Start-Vallejo Center I Sz

Placentia, Orange
Rancho Santa Marguerita, Orange
Beaumont, Riverside
Blythe, Riverside
Palm Desert, Riverside
Riverside, Riverside
Carmichael, Sacramento
Carmichael, Sacramento
Citrus Heights, Sacramento
Rancho Cucamonga, San Bernardino
San Bernardino, San Bernardino
San Bernardino, San Bernardino
Pauma, San Diego
San Diego, San Diego
San Diego, San Diego
San Diego, San Diego
Vista, San Diego
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
Stockton , San Joaquin
Stockton , San Joaquin
Stockton, San Joaquin
San Jose, Santa Clara
San Jose, Santa Clara
Suisun Cit y, Solano
Vallejo, Solano

Elementary Schools

City, County

Lockwood Elementary
Arbuckle Elementary
Burchfield (James M.) Primary
Sheldon Elementary
Downer (Edward M.) Elementary
Lincoln Elementary
Orange Center Elementary
Laton Elementary
l'omo Lake Elementary
Lakeport Elementary
Lower Lake Elementary
Northrup (William) Elementary
Bursch Elementary
Bursch Elementary
Caldwell Street Elementary
Lee Elementary
Forty-second Street Elementary
Bryant Elementary
Schmitt Elementary
Nicolas Valley Elementary
Prairie Elementary

Oakland, Alameda
Arbuckle, Colusa
Colusa, Colusa
El Sobrante, Contra Costa
San Pablo, Contra Costa
Richmond, Contra Costa
Fresno, Fresno
Laton, Fresno
Clearlake, Lake
Lakeport, Lake
Lower Lake, Lake
Alhambra, Los Angeles
Baldwin Park, Los Angeles
Compton, Los Angeles
Compton, Los Angeles
Long Beach, Los Angeles
Los Angeles, Los Angeles
Garden Grove, Orange
Westminster, Orange
Temecula, Riverside
Sacramento, Sacramento
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Preston Elementary
Lankershim Elementary
Central Elementary
Euclid Elementary
Jefferson Elementary
Ross Elementary
Buena Vista
Jose Ortega Elementary
Monroe Elementary
Raphael Weill Elementary
Cherrywood Elementary
Federal Terrace Elementary

Rialto, San Bernardino
Highland, San Bernardino
San Diego, San Diego
San Diego, San Diego
San Diego, San Diego
San Diego, San Diego
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
San Jose, Santa Clara
Vallejo, Solano

High Schools

City, County

Encinal High
James Logan High
Williams High
Clayton Valley High
Richmond High
Coalinga High
Central High
Reed Icy High
Selma High
Orland High
Clear Lake High
Middletown High
Arcadia Senior High
Burroughs High
Diamond Bar High
Inglewood High
Morningside High
Jordan High
Wilson High
Vail High
Quartz Hill High
Rowland (John A.) High
San Gabriel High
Gilbert (Continuation) High
Mountain View (Continuation) High
Westminster High
March Mountain (Continuation) High
American Legion Continuation High
Grant Union High
Pacific Continuation High
Valley High
Vista Nueva Continuation High
Citrus (Continuation) High
Eisenhower Senior High
Sierra High
Palomar Continuation High
Gompers Secondary
Hoover Senior High
J. Eugene McAteer High
Newcomer High
O'Connell (John A.) High

Alameda, Alameda
Union Cit y, Alameda
Williams, Colusa
Concord, Contra Costa
Richmond, Contra Costa
Coalinga, Fresno
Fresno, Fresno
Reedley, Fresno
Selma, Fresno
Orland, Glenn
• Clear Lake, Lake
Middletown, Lake
Arcadia, Los Angeles
Burbank, Los Angeles
Diamond Bar, Los Angeles
Inglewood, Los Angeles
Inglewood, Los Angeles
Long Beach, Los Angeles
Long Beach, Los Angeles
Montebello, Los Angeles
Quartz Hill, Los Angeles
Rowland Heights, Los Angeles
San Gabriel, Los Angeles
Anaheim, Orange
Santa Ana, Orange
Westminster, Orange
Moreno Valley, Riverside
Sacramento, Sacramento
Sacramento, Sacramento
Sacramento, Sacramento
Sacramento, Sacramento
Sacramento, Sacramento
Fontana, San Bernardino
Rialto, San Bernardino
San Bernardino, San Bernardino
Chula Vista, San Diego
San Diego, San Diego
San Diego, San Diego
San Francisco, San Francisco
San Francisco, San Francisco
San Francisco, San Francisco
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1.

Foreword

.0.0.'
-

he purpose of this report is to describe the status of our
.childrens oral health and to present approaches to improve
it. The goal of the editors is to present a clear and concise
distillation and summary of the findings and recommendations

in the Report of the California Oral Health Needs Assessment, 1993-94.
Tooth decay and gum disease are the most prevalent human disorders
known. Except in the earliest stages, they are irreversible and cumulative,
with advanced conditions resulting in expensive treatment, disfigurements,
or nutritional problems from the loss of teeth.
Although universally accepted as part of comprehensive primary
health care, dentistry is delivered through a completely separate system
than medical care. As a result, unique issues and problems have evolved
for dental service delivery that are not comparable to the medical model.
Through an understanding of the status of our children's oral health,
as well as the various modes of prevention and treatment strategies available
in modern dentistry, we can implement the best dental programs for our
children as parr of their overall health needs.

Our C ildren's
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and
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2.

Oral Health
Needs Assessment

DESCRIPTION
.0°

'As
he Omnibus Budget and Reconciliation Act of 1989 (OBRA 89) mandated that
the Maternal and Child Health (MCH) Title V block grant applications from states
to the federal bureau of MCH include a description of the needs of children and families

on a variety of health indicators including oral health.
Our current knowledge of the dental health of all children in California is very
limited. Because of the paucity of data on the dental status and needs of California's
children, the California Department of Health Services, 1V1CH Branch, in collaboration
with the California Dental Health Foundation, conducted an oral health needs assessment
of children ages 2 to 15 years old.
A series of three needs assessments* were conducted in 1993-94 to provide
an accurate picture of the dental health needs of children in the state including
an oral examination needs assessment, a cross-sectional epidemiologic needs
assessment, and a community leaders opinion needs assessment.
The needs assessments included 6,792 children in 10 geographic areas of
California.* Special emphasis was placed to ensure adequate representation
of fluoridated, unfluoridated, urban, and rural areas.
Three different age groups were targeted for inclusion in the needs assessments:
preschool, elementary school, and high school children.

• This is not a representative sample of all of CaOrnia . s children.
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NEEDS ASSESSMENT DESIGN
entists and pediatric dentists were recruited from various sources: primarily
from private practice with assistance from the California Dental Association,
the California Society of Pediatric Dentists, and other organizations.
In addition to clinical assessments, questionnaire needs assessments were mailed to
dentists, physicians, and a variety of community leaders including school nurses, local health
officers, school teachers, and elected officials. These needs assessments examined perceptions
of the oral health needs of children and the potential for change in improving oral health
through government and community action.
The needs assessment results showed that the community leaders believed dental disease
was the most prevalent of health issues affecting children and that dental services were not
always available for prevention and treatment.
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Oral Health Needs
Assessment Findings

BABY BOTTLE TOOTH DECAY
aby Bottle Tooth Decay (BBTD) or Early Childhood Tooth Decay is a form
of dental decay in toddlers attributed to the overuse of a baby bottle for feeding.
VEarly treatment of tooth decay is essential to prevent further destruction and pain.

NEEDS ASSESSMENT FINDINGS
14% of all preschool children had BBTD (one or more teeth affected).
33% of Head Start children and 13% of non-Head Start preschool
children had BBTD.
gOnly 68% of parents/guardians used feeding practices that prevent BBTD.
gParents/guardians who did not graduate from high school were more
likely not to use appropriate feeding practices.

GAPS IDENTIFIED
The prevalence, of BBTD was as high as 45% for Asian children
in Head Start preschools in fluoridated urban regions.
Hispanic children in Head Start preschools in non-fluoridated
urban areas had the second highest prevalence of BBTD (40%).
Only 0.4% of white non-Head Start preschool children
in fluoridated urban areas had BBTD.
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RECOMMENDATIONS
Promote breastfeeding and its benefits.
Inform parents of all newborns of the importance of adequate
feeding practices and bottle feeding techniques to prevent BBTD.
Develop culturally appropriate educational materials targeted to those
groups at highest risk for BBTD such as Asian Americans and Hispanics.
Continue developing ways to train providers who care for families
with very young children on how to counsel parents and caregivers
on appropriate feeding practices. -
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Assessment
Findings
CHILDREN IN PRESCHOOLS
q t is common practice for parents to take children to the pediatrician for their
' immunizations and well-baby checkups in the preschool years. However, in the

labsence of a dental examination, the child is at risk for tooth decay and gum disease.
A routine visit to the pediatrician is an opportunity for early referral for an examination
by a dentist. Undiscovered tooth decay in preschoolers can begin a lifetime of tooth
destruction and pain. Since dentistry is delivered in a completely separate system,
most parents neglect to make a dental examination part of preschool children's care,
even if the pediatrician makes a referral.

NEEDS ASSESSMENT FINDINGS
26% of children in the needs assessment had no dental insurance.
21% depended on Medi-Cal for their dental care.
g44% of parents/guardians of preschool children indicated that
their child had never visited a dentist.
g31% of all preschool children had some treated and untreated tooth decay.

27% of all preschool children had untreated tooth decay.
Although 56% of parents indicated that they had taken the child to the
dentist, only 20% of preschool children had completed needed dental care.
9% of Head Start preschool children were in urgent need of dental care.
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GAPS IDENTIFIED
With the exception of African-American children, all other ethnic groups of
preschool children (Asians, Hispanics, whites) had a lower prevalence of tooth
decay in fluoridated areas compared to unfluoridated urban and rural areas,
when the sample was adjusted for Head Start status.
-,1
- 79% of Asian children in non-fluoridated urban areas in Head Start preschools
had untreated or treated tooth decay with an average of 4.5 teeth affected.
Only 10% of white children in non-Head Start preschools in fluoridated
urban areas had untreated and treated tooth decay, with an average of
0.3 teeth affected.
Hispanic children in rural non-Head Start preschools had the highest
percentage of untreated tooth decay of any group examined, with an average
of 2.3 teeth affected (56%).
rill White children in non-Head Start preschools in fluoridated urban areas
had the lowest percentage (5%) of untreated tooth decay.

RECOMMENDATIONS
pPromote statewide fluoridation efforts.
Promote the use of fluoride supplements when adequate water
fluoridation is not feasible.

0

Place special emphasis on referral of children to early dental care at
Head Start sites and the Child Health and Disability Prevention Program.
Emphasize the importance of brushing and flossing in preschool curricula.
Develop culturally appropriate educational and outreach programs
targeted to Hispanic and Asian-American preschoolers.
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Assessment
Findings

CHILDREN IN KINDERGARTEN
THROUGH THIRD GRADE
hile the beginning of the loss of the baby teeth around age 6 is a major event
in the child's perception, it is also a critical time when visits to the dentist
it to prevent irreversible damage to the permanent teeth should begin.

NEEDS ASSESSMENT FINDINGS
A, 69% of all children in grades K-3 (mean age 6.9 years)
have had some tooth decay.
Only 10% of 8-year-old children have received protective
sealants on the occlusal (chewing) surface of at least one
of the four permanent first molar teeth.
,

W
54% of 8-year-old children from

non-poor families in fluoridated
areas had a sealant, compared to only 1% of Hispanic 8-year-old
children from all income groups in rural areas.
53% of all children in grades K-3 had some untreated tooth decay.
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GAPS IDENTIFIED
Asian children in non-fluoridated urban areas had the highest
percentage of untreated tooth decay of any group (7 1%).
)A1 Hispanic children in non-fluoridated urban areas had the highest

number of untreated decayed teeth with an average of 3.0 teeth affected.

g White children in fluoridated urban areas were the group with
the lowest percentage of untreated tooth decay (21%).

RECOMMENDATIONS
Promote statewide fluoridation efforts.
IA Promote the use of fluoride supplements when adequate water
fluoridation is not feasible.

0 Target efforts to reach the Asian-American community on the
importance of preventive dentistry and oral health needs of children.
Inform clients of the availability of sealants as a Medi-Cal benefit.
‘,,j Place special emphasis on referral of children to early dental care.

0 Develop alternative approaches to deliver dental sealants,
such as school-based/linked sealant programs.
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Assessment
Findings

STUDENTS IN HIGH SCHOOL
.

igh school students present conditions beyond those of younger children.
The primary teeth have been replaced by permanent molars, and the second
permanent molars erupt behind the first permanent molars at about age 12.

In addition, children who have not had appropriate orthodontic care may begin to develop
disfigurement of the face.

NEEDS ASSESSMENT FINDINGS
78% of all high school students in grade 10 (mean age of 15.9 years)
have had some tooth decay, with an average of 4.0 teeth affected.
13% of 15-year-old students have received protective sealants on
the occlusal (chewing) surfaces of at least one permanent molar tooth.
,‘( 9% of 15-year-old students have received protective sealants on
r
at least one permanent first molar tooth.
6% of 15-year-old students have received protective sealants on
at least one permanent second molar tooth.
16.5% of all 10th graders had moderate to severe orthodontic needs.

GAPS IDENTIFIED
90% of Hispanic students in non-fluoridated urban areas had
untreated or treated tooth decay, with an average of 5.8 teeth affected.
African-American students in fluoridated urban areas had the
lowest proportion of untreated or treated tooth decay (58%).
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White students in fluoridated urban areas had the lowest
average number of teeth affected (2.3).
rid

While 33% of white students in fluoridated urban areas had a sealant,
no Asian students and 6% of Hispanic students in fluoridated urban
areas had a sealant.
36% of Hispanic students in grade 10 in non-fluoridated
urban areas had an urgent need for dental treatment.
Although 60% of Hispanic children had orthodontic needs,
only 5.8% were undergoing treatment.

RECOMMENDATIONS
Promote statewide fluoridation efforts.
Promote the use of fluoride supplements when adequate
water fluoridation is not feasible.
Target efforts to inform the Hispanic community of the
importance of including routine dental care visits as part
of the routine ongoing pediatric care.
Inform clients of the availability of sealants as a Medi-Cal benefit.
Place special emphasis on referral of children and adolescents
to early dental care.
Inform clients of the availabilit y of orthodontic services as
a benefit of the Medi-Cal and California Children Services programs.
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Current State
Programs

CALIFORNIA CHILDREN SERVICES
'1 alifornia Children Services (CCS) provides medical care for children younger than
21 years of age who have eligible handicapping conditions. Services are provided
to these children through county CCS programs and state regional offices that
authorize medical care for CCS clients to be provided by CCS panelled providers. For most
conditions, ongoing care is delegated to either special care centers or medical therapy units.
Dental services are provided to CCS clients when it has been determined by the CCS
program medical consultant that
the medical condition is impacted by the oral health of the child,
the CCS eligible condition makes dental care difficult,

0 the CCS eligible condition directly causes a dental problem, and
Qthe nature or severity of the disease makes dental care a necessary
part of the management of the CCS condition.
Further, CCS provides medically necessary orthodontic services to children with
handicapping malocclusion, cleft palate, and/or craniofacial anomalies. Recent efforts by
State Children's Medical Services (CMS) Branch staff have contributed to policy revisions
in the CCS orthodontic program that improve medical eligibilit y determination.

CHILD HEALTH AND DISABILITY
PREVENTION
PROGRAM
wt.
he Child Health and Disability Prevention (CHDP) Program is a federall y- and
Stare-funded preventive health care prevention program for Medi-Cal beneficiaries
younger than 21 years of age, children of low income families who are younger than
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19 years of age. and children participating in Head Start or specified state preschool programs.
Each CHDP child is eligible to receive a periodic, comprehensive examination that includes
a dental assessment. The most frequent reason for a referral from a CHDP health assessment
is for a dental problem. Regardless of whether a dental condition is detected, CHDP clients
are to be referred annually for preventive dental services beginning at 3 years of age.
In response to the severity of dental problems in the CHDP population, the State CMS
branch has developed and implemented a variety of preventive dental programs/activities.
These include educational materials for health care professionals on the prevention of BBTD,
the adoption of a CHDP dental periodicity schedule for pediatricians, and nine regional workshops on private-public partnerships to increase access to dental care for low income children.

DENTAL DISEASE PREVENTION PROGRAM
or°

°

'As
he Dental Disease Prevention Program (DDPP), mandated under the Health
and Safety Code Section 360-371.5 (Senate Bill 111), provides funds to local
agencies for comprehensive dental disease prevention efforts. The program currently

serves 315.000 children in preschool and elementary schools. The DDPP is funded at
$1.6 million of State general funds and the program consists of weekly fluoride rinses
of daily fluoride supplements with oral health education classes.

DENTI-CAL
end-Cal is the dental portion of the State of California medical program.
Dental services are provided for children to 21 years of age.
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The Need for
Fluoridation

1

ommunity water fluoridation is the single most effective and efficient means
of preventing dental caries (Healthy People 2000). In areas where the water supply

. is deficient in fluoride, prescription fluoride supplements are recommended by the
American Dental Association.

NEEDS ASSESSMENT FINDINGS
The California Oral Health Needs Assessment, 1993-94 found the statistics below.
Children in fluoridated urban areas had less tooth decay than
those in non-fluoridated urban and rural areas.
Children in Head Start preschools in non-fluoridated areas had,
on the average, 15% more tooth deca y than in fluoridated areas.
W Children in Head Start preschools in rural areas had, on the average,
56% more tooth decay than those students in fluoridated areas.
Children in non-Head Start preschools in non-fluoridated areas had,
on the average, 18% more tooth decay than in fluoridated areas.
Children in non-Head Start preschools in rural areas had, on the
average, 206% more tooth decay than those students in fluoridated areas.
All students in grades K-3 and all students in grade 10 (Asians,
African Americans, Hispanics, and whites) had a lower prevalence
of tooth decay and untreated tooth decay in fluoridated areas
compared to non-fluoridated urban and rural areas.
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A Students in grades K-3 in non-fluoridated areas had,
on the average, 43% more tooth decay than in fluoridated areas.
Students in grades K-3 in rural areas had, on the average,
36% more tooth deca y than those students in fluoridated areas.
Grade 10 students in non-fluoridated areas had, on the average,
54% more tooth decay than those in fluoridated areas.
Grade 10 students in rural areas had, on the average,
36% more tooth decay than those students in fluoridated areas.
OF preschoolers and K-3 students living in non-fluoridated
urban or rural areas, 71% and 88% respectively, were currently
not taking prescription fluoride.

RECOMMENDATIONS

0 Promote community water fluoridation as the single most effective
means of preventing dental caries regardless of race or income.
pPrescribe fluoride supplements For daily use until age 16 only where
community water fluoridation is not available. Ensure that new American
Dental Association and American Academy of Pediatrics dosage schedules
are followed to decrease the risk of fluorosis.
Use fluoride toothpaste regularly for additional protection
against tooth decay.
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Summary

RECOMMENDATIONS
wets

''J he following is a summary of recommendations to improve the oral health
of children in California.
Promote breastfeeding and its benefits and inform parents of all newborns
of the importance of adequate feeding practices and bottle feeding techniques
to prevent baby bottle tooth decay.
Promote community water fluoridation as the single most effective
means of preventing dental caries in children and adults, regardless
of race or income level.
FA( Prescribe

fluoride supplements for daily use until age 16 where

the water supply is deficient in fluoride using the new American
Dental Association dosage schedule (ADA News, May 16, 1994).
Use fluoride toothpaste regularly to provide additional benefits
in the prevention of tooth decay.
Place special emphasis on referral of children to early and periodic
dental care at Head Start sites and the Child Health and Disability
Prevention Program. Inform clients of the availability of sealants
as a Medi-Cal benefit.
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A Emphasize the importance of oral hygiene, fluoride use,

and dental sealants in school curricula.
Develop culturally appropriate educational and outreach programs
targeted to chose at highest risk for dental health problems.
Target efforts to inform communities of the importance of including
routine dental care visits as part of the routine ongoing pediatric care.
Place special emphasis on referral of children and adolescents
to early and periodic dental care.
gProvide necessary counseling to new elementary school and high
school students for appropriate diet, fluoride use, and oral hygiene
methods to prevent tooth decay.
Apply dental sealants after the emergence of first and second
permanent molars to prevent tooth decay in the pits and fissures.
Place emphasis on the delivery of dental sealants in
school-based/linked settings.
Inform clients of publicly-funded programs regarding
the availability of orthodontic services.

0ur Children's Teeth: Beyond Brushing and Braces
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Appendix
CALIFORNIA ORAL HEALTH NEEDS ASSESSMENT PROJECT EXAMINERS
Susan AbeIdt, DDS, E

Liza Karamardian, DDS, RC

John Ahmann, DDS, E

Gregg S. Kellogg, DDS, E

Joan Alexander, RDH, R

Karen Kopriva, RDH, RC

Hilda Amaya, RC

Eino I. Kuki, DDS, E

Diann M. Azevedo, RDH, R

Stacy Manning, R

Patricia Billings, DDS, E

Virginia Meek, DDS, E

Julie Bosmans, R

Dan Moore, DDS, E

Ronni Elise Brown, DDS, E

Nancy B. Moore, R

Judine Brustad, R

Carla Morris, R

Maritza Castelli, R

Bud Muehleisen, DDS, E

Karen Christensen, R

Cindy Muehleisen, R

Ronna Cooper, R

Curtis 0. Nelson, DDS, E

Deborah Cyr, RDH, R

Sara PeIton, R

Elaine Darck, R

Lynn Pilant, RDH, RC

Mary Delehanty, RDH, R

Pranee Pooudomsak, DDS, E

Sandra Duttweiler, DDS, E

Maribeth Riday, R

Lorena Espinoza, DDS, R

Robert Ripley, DDS, E

Kimberley Evans, RDH, R

Ranjeev Salwan, DDS, E

Lori Lynn Everett, DDS, E

Linda Ross Santiago, RDH, R

Glenda Lee Flora, RDH, R

Ellie Sarreshtehday, DDS, E

Marta Fuller, RN, RC

William Stroebel, R

Lori Gagliardi, RDH, R

Antonio Sustaita, DDS, E

Pauline Geiger, RDH, RC

Liza E. Thompson, DDS, E

Gail Gilman, RDH, R

Michael M. Uzelac, DDS, E

Arlene Glube, RDH, RC

Suzanne Uzelac, R

Joann M. Guzowski, R

Roberta White, R

Lorraine Hansen, R

David K. Wong, DDS, E

Roland W. Hansen, DDS, E

H. Bradley Wood, DDS, E

Beverly Horn, RDH, RC

Eric Yabu, DDS, E

Anne Huang, DDS, E

Karen L. Yee, DDS, E

Caren Hult, R

Sheri Yee, R

Marilyn Jacobson, RDH, R

Terry Yoshimura, RDH, R

Desiree Kaae, RC
R= Recorder

E.Examiner

RC= Regional Coordinator

Our Children's Teeth: Beyond Brushing and Braces
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SACRAMENTO HOUSING AND REDEVELOPMENT AGENCY

SACRAMENTO
HOUSING 6'
REDEVELOPMENT
AGENCY

January 21, 1998

Redevelopment Agency of the
City of Sacramento
Sacramento, California
Honorable Members in Session:
SUBJECT: PUBLIC HEARINGS ON STATUS OF REDEVELOPMENT PLANS AND
FIVE-YEAR IMPLEMENTATION PLANS FOR NINE PROJECT AREAS

LOCATION AND COUNCIL DISTRICT: City

STAFF RECOMMENDATION
Staff recommends adoption of the attached resolutions which: 1) signify completion of public
hearings on the progress of the Alkali Flat, Army Depot, Del Paso Heights, Franklin
Boulevard, Merged Downtown, Oak Park, North Sacramento, Richards Boulevard and
Stockton Boulevard redevelopment and implementation plans, in accordance with California
Community Redevelopment Law (CRL); 2) direct staff to incorporate comments received
during the hearings into a progress report; and 3) file this report and comments with the
Agency's administrative offices.
C6NTAC'I''PERSON:

John Dangberg, Community Development Director, 440-1357
Betty Kosman, Program Manager, Community Development,
440-1322

FOR COUNCIL MEETING OF: February 3, 1998

630 1 Street
Sacramento. CA 95814
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SUMMARY
The Redevelopment Agency of the City of Sacramento (Agency), as required by Community
Redevelopment Law (CRL), is holding a public hearing for the review of redevelopment plans
and corresponding implementation plans and evaluating the progress of the following
redevelopment areas: Alkali Flat, Army Depot, Del Paso Heights, Franklin Boulevard,
Merged Downtown, Oak Park, North Sacramento, Richards Boulevard and Stockton
Boulevard. Between October 1994 and June 1995, the Agency adopted nine different five-year
implementation plan for each of these areas in response to the CRL. This legislation requires
that least once during the five year term of each implementation plan that the Agency
conduct a public hearing and hear public testimony for the purpose of reviewing both the
redevelopment plan goals and the five-year implementation plan to evaluate progress in the
redevelopment area. Comments received during the hearing will be appended to the attached
status report tables, and will be filed with the Agency's administrative offices.

a

PROJECT AREA COMMITTEE (PAC) ACTION
The actions in this report are administrative in nature, and no PAC action is required.
However, all PAC members were provided copies of the reports and public notices earlier this
month and where possible the report was placed on a regular PAC agenda for comment.
COMMISSION ACTION
At its meeting of January 21, 1998, the Sacramento Housing and Redevelopment Commission
adopted a motion recommending approval of the attached resolutions pertinent to the required
public hearings on the five-year implementation plans for Alkali Flat, Army Depot, Del Paso
Heights, Franklin Boulevard, Merged Downtown, Oak Park, North Sacramento, Richards
Boulevard and Stockton Boulevard. The vote of the Commission was as follows:
AYES: Amundson, Castello, Cespedes, Dobbins, Hoag, Holloway,
Newsome, Rotz, Simon, Harland
NOES:
None
ABSENT:

Taylor

630 1 Street
Sacramento, CA 95814
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BACKGROUND
One of the revisions made to the CRL in 1993, was the requirement that redevelopment
agencies adopt a five-year implementation plan for each project area on or before December
31, 1994. Moreover, at least once within the five-year term of the implementation plan, each
agency must conduct a public hearing and hear all testimony of all interested parties for the
purpose of reviewing the redevelopment plans and corresponding implementation plans for
each redevelopment area within its jurisdiction, and evaluate the redevelopment effort.
The purpose of an implementation plan is to provide a clear and reasonable statement of
proposed activities in the project area and to demonstrate how Agency goals, objectives and
program activities meet the purpose of redevelopment(i.e. to eliminate blight and to develop,
preserve and rehabilitate affordable housing). Summarized, the general goals and objectives
which were adopted for each of the redevelopment areas included in this report are:

•
•
•
•
•

Elimination and prevention of the spread of blight and deterioration
Elimination of environmental deficiencies within the public infrastructure system
Achievement of high level of architectural, landscape, urban design and land use
principles
Promotion of new and continuing private sector investment
Retention and expansion of as many businesses as possible

630 I Street
Sacramento, CA 95814
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•
•

Creation and development of local job opportunities
Rehabilitation and construction of affordable and low-income housing.

The attached reports for each redevelopment area implementation plan (Attachments I-IX) provide an
excellent overview of the comprehensive efforts underway in each area. The report goes beyond
merely reporting the expenditures of tax increments funds and summarizes the array of finances
brought to bear in each community development effort. The status reports are divided into two
categories: commercial development and residential development.
FINANCIAL CONSIDERATIONS
There are no financial considerations being proposed in this project.
POLICY CONSIDERATIONS
The actions proposed in this staff report are consistent with previously approved policy and no new
policies are being recommended.
ENVIRONMENTAL REVIEW
The proposed administrative actions do not constitute projects under CEQA per Guidelines Section
15378(b)(3). NEPA does not apply.
M/WBE CONSIDERATIONS
M/WBE considerations are not required with this action.
Respectfully submitted by,

ANNE M. MOORE
cting Executive Director
TRA

ED TO COUNCI

JAM H. EDGAR
City Manager
G:\CMB\STAFFRPT\IMPPLNS.CI
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SOLUTION NO. - 0 0
ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

ALKALI FLAT REDEVELOPMENT PROJECT AREA: RECEIPT
OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
Section 1. The public hearing for the Alkali Flat Redevelopment Project Area
("Project Area") implementation plan has been carried out in accordance with Section 33490(c)
and (d) of the California Community Redevelopment Law (CRL) (Health & Safety Code Section
33000 et. seq.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
A copy of the status report for the Project Area is filed in the
Section 3.
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
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RESOLUTION NO.:
DATE ADOPTED:
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RESOLUTION NO. ct
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BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

ARMY DEPOT REDEVELOPMENT PROJECT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
The public hearing for the Army Depot Redevelopment Project
I Section 1.
Area ("Project Area") implementation plan has been carried out in accordance with Section
33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health & Safety
Code Section 33000 et. seq.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
A copy of the status report for the Project Area is filed in the
Section 3.
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
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RESOLUTION NO.:
DATE ADOPTED:
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RESOLUTION NO.

q

-004

ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

DEL PASO HEIGHTS REDEVELOPMENT PROJECT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
Section 1.
The public hearing for the Del Paso Heights Redevelopment Project
Area ("Project Area") implementation plan has been carried out in accordance with Section
33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health & Safety
Code Section 33000 et. seg.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
Section 3.
A copy of the status report for the Project Area is filed in the
Agency's .offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY

PAVIA qTAPPRPc\I-TCII I Y \TMPPT MS
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RESOLUTION NO.:
DATE ADOPTED:
(7)

SOLUTION NO. 9 cg -oo5
ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

FRANKLIN BOULEVARD REDEVELOPMENT PROJECT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
The public hearing for the Franklin Boulevard Redevelopment
• Section 1.
Project Area ("Project Area") implementation plan has been carried out in accordance with
Section 33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health &
Safety Code Section 33000 et. seq.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
A copy of the status report for the Project Area is filed in the
Section 3.
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
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RESOLUTION NO.:
DATE ADOPTED:
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RESOLUTION NO. 9 - 00

OPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO

ON DATE OF

MERGED DOWNTOWN REDEVELOPMENT PROJECT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
The public hearing for the Merged Downtown Redevelopment
• Section 1.
Project Area ("Project Area") implementation plan has been carried out in accordance with
Section 33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health &
Safety Code Section 33000 et. seq.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
Section 3. A copy of the status report for the Project Area is filed in the
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
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RESOLUTION NO.:
DATE ADOPTED:
(9)

RESOLUTION NO. I

-00

ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

OAK PARK REDEVELOPMENT PROJECT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
Section 1. The public hearing for the Oak Park Redevelopment Project Area
("Project Area") implementation plan has been carried out in accordance with Section 33490(c)
and (d) of the California Community Redevelopment Law (CRL) (Health & Safety Code Section
33000. seq.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
Section 3.
A copy of the status report for the Project Area is filed in the
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
P ACTA PPP qu-rni
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RESOLUTION NO.:
DATE ADOPTED:
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SOLUTION NO.
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ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

NORTH SACRAMENTO REDEVELOPMENT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
The public hearing for the North Sacramento Redevelopment
Section 1.
Project Area ("Project Area") implementation plan has been carried out in accordance with
Section 33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health &
Safety Code Section 33000 et. seq.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
A copy of the status report for the Project Area is filed in the
Section 3.
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
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FOR CITY CLERK USE ONLY

RESOLUTION NO.:
DATE ADOPTED:
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SOLUTION NO,

9 -00

ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO

ON DATE OF

RICHARDS BOULEVARD REDEVELOPMENT PROJECT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
The public hearing for the Richards Boulevard Redevelopment
Section 1.
Project Area ("Project Area") implementation plan has been carried out in accordance with
Section 33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health &
Safety Code Section 33000 et. m.).
Section 2.
Staff is directed to incorporate comments resulting from the public •
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
Section 3.
A copy of the status report for the Project Area is filed in the
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
FAKINSTAFFRESV-101.T.Y\TMPPINS CT

FOR CITY CLERK USE ONLY

RESOLUTION NO.:
DATE ADOPTED:
( 12 )

SOLUTION NO. IR

-0 to

ADOPTED BY THE REDEVELOPMENT AGENCY OF THE CITY OF SACRAMENTO
ON DATE OF

STOCKTON BOULEVARD REDEVELOPMENT AREA:
RECEIPT OF PUBLIC COMMENT ON STATUS OF REDEVELOPMENT
PLAN AND FIVE-YEAR IMPLEMENTATION PLAN
(HEALTH & SAFETY CODE SECTION 33490)

BE IT RESOLVED BY THE REDEVELOPMENT AGENCY OF THE
CITY OF SACRAMENTO:
The public hearing for the Stockton Boulevard Redevelopment
Section 1.
Project Area ("Project Area") implementation plan has been carried out in accordance with
Section 33490(c) and (d) of the California Community Redevelopment Law (CRL) (Health &
Safety Code Section 33000 et. q.).
Section 2. Staff is directed to incorporate comments resulting from the public
hearing into the status report reviewed during the hearing as part of ongoing maintenance of the
public records.
Section 3.
A copy of the status report for the Project Area is filed in the
Agency's offices with its corresponding redevelopment plan and implementation plan. The
redevelopment plan and implementation plan shall remain in effect until replaced or amended by
the Agency pursuant to Article 16.5 of the CRL.

CHAIR
ATTEST:

SECRETARY
FAKASTAFFRES\HOLLY\IMPPLNS.CI

FOR CITY CLERK USE ONLY

RESOLUTION NO.:
DATE ADOPTED:
( 13 )

ATTACHMENT I

ALKALI FLAT IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures

1994-1997
Program/Project

IDescription

IStatus

Commercial Development
Commercial Loans

This program provides loans at favorable
interest rates to business owners in the
Project Area in order to assist them in
upgrading their businesses. Loans range
from $10,000 to $100,000* and are available
for both interior an exterior rehabilitation.
The source of funding is local tax
increments and HOME funds.
*as of May, 1997, the program can provide
loans up to $250,000.

Commercial Facade Loans

Provides no-interest loans to local
businesses and property owners secured by
a maintenance easement from the property
owner. The grants are provided to improve •
the facades of the businesses/properties.

Developer Assistance Projects

Designed to promote new development in
the Project Area. Specific activities include
land acquisition and relocation; assistance
with on and off site public improvements;
loans and grants to new businesses; and
other types of assistance as required.

Commercial Loans Completed: 3
1. Maria Hastings Child Development Center, 1116 C
Street, $97,000.
2. Zack Saliba, 12th & F Building, 600 12th Street.
Commercial and Residential Loan: $175,000.
3.McIntyre Photography, 1112 D Street: $49,500.
Commercial Loans In Progress: 1
1. Sweet Bay Building, 519 12th Street: $178,000.
Applications Pending: 3
Total dollars spent:
$ 499,500
Private dollars leveraged:
$1,742,000
7
Facade Loans Competed:
1. RJB Interests, 1200 F Street, $5,000.
2. At!antes Restaurant, 412 12th Street, $4,240.
3. Ortega Restaurant, 231 12th Street, $7,500.
4. Tortilla Factory, 314 12th Street, $7,500.
5. Dankman & Knowles, 1129 D Street, $7,500.
6. Zack Saliba, 600 12th Street, $37,500.
7. McIntyre Photography, 11120 Street, $15,000.
Facade Loans In Progress:
1
1. Sweet Bay Building, 519 12th Street, $37,500.
Total Dollars Spent:
$121,740
Private Dollars Leveraged: $ 258,740
Applications Pending: 4

Alkali Flat Neighborhood Boys & Girls Club:
This project involves the construction of a
neighborhood center on the northwest corner
of 12th and G streets. The Agency owns the
property. [During the fall of 1997, Joyce
Raley Teel of Raley's Supermarkets donated
$500,000 towards construction of the center
which will be named for Thomas Raley.]

The Agency is working with the Boys and Girls Clubs
of Greater Sacramento as the operator of a Club and
Neighborhood Center at 1117 G Street. The Agency
will be a participant by providing $1.3 million in
construction funding. Total project: $2 million.
Operational costs are $250,000 per year. Private
Leverage: $700,000 in private donations.

La Valentina Montessori School:
New construction of preschool on Agency
owned land on the east side of 12th Street
between C and E streets.

The Agency is working with a child care provider to
construct a child care and preschool on
approximately one acre along 12th Street. Agency
involvement will include the provision of the land and
a construction loan of $220,000. Total project cost
excluding-land: $2;500,000.
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Program/Project

IDescription

IStatus

Residential Development
Special Rehabilitation Projects

Developed to assist in the renovation of
larger historic multi-family projects.

Developer Assistance

Provides assistance to housing development
projects by land assemblage, construction
and permanent financing, fee, permit and
planning assistance, and other assistance as
required.
13th & F Street Townhomes
Construction of ten town homes for home
ownership. The project will be built on
Agency owned land on the southwest corner
of 13th and Fstreets.

Agency is marketing and will provide a loan to a
private developer to renovate an eight unit complex at
504 10th Street. Agency is the property owner.
Estimated rehabilitation cost is $350,000 to
$500,000.

This project was approved by the loan committee in
1997 and is expected to start construction in the
spring of 1998. Project costs are estimated at
$1,795,000. Agency subsidy and loans: $300,000
excluding land. Private Investment is: $1,495,271.
Agency provided a $44,000 loan to assist in the
rehabilitation of an owner occupied historic property.
The project will be completed in January 1997.

11th and D Street

Historic Infill Program

Provides assistance for historic house
moves to four designated infill lots within the
project area. Agency will provide loans to
assist in the move and complete the
restoration.

Currently have one application for funding, however,
the type of assistance necessary has not been
mutually determined.

Alkali Flat Paint Program

Provides free exterior paint to residences up
to a maximum of $2500 per project. Paint
choices must conform to design review
standards. Because of the nature of the
historic homes in Alkali Flat, many of the
projects are not single family homes but,
rather, multi-unit apartment buildings.

Number of homes painted: 11
Total Agency Dollars Spent: $ 27,500.
Total Private Dollars Invested:$165,000.
Leverage factor: 1:6

Fainted Ladies Program

This program was designed to preserve
some of Sacramento's older and larger
Victorians within the downtown area.
Funds available include about $835,000 in
Downtown tax increment funds. Potential
projects are evaluated by a" Fainted Ladies"
advisory group for future rehabilitation and
processed through the Agency's normal
rehabilitation.loan.committee process.

To date two Victorians have been completed and
three homes are under construction. A total of 30
residential units will have been preserved for
approximately $442,000 since program inception in
1996. The addresses of these units are:
2111 I Street
420 15th Street
2220 L Street
_2324 H Street
519-531 12th Street

Other Housing Activities

A summary of rehabilitation projects
completed in or adjacent to the project area
during the time period and utilizing Agency
funds.
Rehabilitation Grant Program

1 case was completed

Retrofit Grant Program

1 case was completed

Emergency Repair Program

1 case was completed
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ATTACHMENT II

SACRAMENTO ARMY DEPOT IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1995-Present
Program/Project
n us

IDescnption

IStatus

Development

Redevelopment Plan
amendment

Due to the steady decline of the tax base
brought about by the downsizing of
companies, as well as existing tax sharing
agreements, a plan amendment will be
conducted. This will allow the Agency to
capture future tax increments to implement
projects.

The plan amendment should be completed by
the Summer of 1998.

Packard Bell/NEC
Plant Development

Packard Bell Electronics finalized a lease with
the City of Sacramento in late 1994 to locate a
computer assembly plant on the former Army
Depot site. Packard Bell occupies
approximately 300 acres of the 485 acre site
and renovated buildings and infrastructure
using a $26 million loan from the City and
substantial corporate funds. The City receives
no income from the lease, however, Packard
Bell/NEC has an option to purchase the
property at year .10 for approximately $7.5
million.

NEC acquired a substantial interest in
Packard Bell and the company was renamed
Packard Bell/NEC in 1996. The plant
currently employs approximately 3,200 full
time and flex workers. Seasonal or temporary
workers swell the total employment to over
4,700 during peak periods. The company
received employemnt tax credits for
approximately 850 employees hired and 750
employees came from unemployment and
welfare rolls. Future expansion of the plant
and further improvements to the site may lead
to additional jobs although this is not certain
due to the highly competitive and rapidly
changing personal computer industry.

Program/Project

Description

Status

Other Housing Activities

A summary of rehabilitation and
homeownership activities completed in or
adjacent to the project area during this time
period.

ential. Developme

Single Family Rehabilitation Program

15 cases have been completed

Retrofit Grant Program

10 cases have been completed

Christmas in April

2 cases have been completed

Mobile Home Repair Program

10 cases have been completed

Emergency Repair Program

126 cases have been completed

uAshare\implan\depot.tbl
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ATTACHMENT III

DEL PASO HEIGHTS IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1994-1997
Program/Project

1 Description

I Status

Commercial Revitalization/Redevelopment/Public Facilities
Commercial Loans

Commercial Facade
Loans & Grants

This program provides loans at favorable
interest rates to business owners in the
Project Area in order to assist them in
upgrading their businesses. Loans range
from $10,000 to $100,000 and are available
for both interior and exterior rehabilitation.
This program provides loans/grants to local
businesses secured by a maintenance
- easement from the property owner. The
loans are provided to imrove the facades of
the buildings.

Commercial Loans Completed:
Vegas Tires

Rainbow Market

$ 47,500
$ 36,000

Commercial Facade Loans & Grants Completed: 4
Lily Company
Vegas Tires
Burger Time

Rainbow Market
Developer Assistance
Projects

2

$
$
$
$

26,000
15,000
7,500
36,000

Designed to promote new development in the
Project Area. Specific activities include land
acquisition and relocation; assistance with on
and off site public improvements; loans and
grants to new businesses; and other types of
assistance as required.

Norwood/I-80 Business Park $ 225,000 (Grant)
Site Improvements
Dollars Leveraged:
$ 500,000 (Street)
$1,000,000 (Bldg)

Complete Urban Design Study for Marysville
Blvd. including gateways, hardscape and

Marysville Blvd. Urban
Design Plan /HLA

landscape improvements.

Landscaping

Develop "Town Centrar Plan for Marysville
Blvd.

Shell Site/Marysville Blvd
Acq./Public Improvement
Marysville Blvd. Site
Acquist. /Rezone

Establish Community Education Center in
conjunction with UC Davis; create community
garden, provide youth component and
oversee Economic Development Initiative for

$ 18,000
$ 90,000

$ 245,000

Community Outreach

Partnership Center

$ 270,700
$ 400,000 (HUD)

• sustainable neighborhoods.
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Program

Description

Status

Public Facility
Grants/Loans

Projects undertaken with City, County, and
community based organizations which
address public service needs of the
neighborhood.
Funding sources are federal and local dollars
such as HUD, Community Development Block
Grant and tax increment.

Grant HS Pool Renovation Agency :$70,000
Partnership
City:
$34,000
Dist.
$12,500
Firehouse Community Center

$100,000

Good Neighbors Child Care

$415,000

Altos Bikeway/Greenway

$910,000

ABC Learning Center

$ 42,000

North Avenue School Park
Improvements

$ 20,000

Parent & Community
Literacy Center

$32,000

Mama Marks Park Trees

$ 2,000

Residential Development
Developer Assistance

Provides assistance to housing development
projects by land assemblage, construction
and permanent financing, fee, permit and
planning assistance, and other assistance as
required.
Rio Linda Self Help Housing Project
New construction of 20 homes for home
ownership on Agency-owned land on the
southwest corner of rio Linda and Almoara
Streets.

Preapprenticeship
Construction Training
Program

Paint Program

Program approved in 1993 as a pilot in Oak
Park and has been expanded to DPH.
Program is sponsored by the Building Trades
Council, the Regional Occupation Program,
SETA, and the Agency. The program is
financed by US Bank, Wells Fargo Bank,
Farmers & Merchants Bank and the Agency.
The major goals of the program are to
educate high school dropouts to meet
graduation requirements and teach a trade.
-Provides free exterior paint to residences up
to a maximum of $2500 per project. Income
eligibility requirements must be met. Paint
choices must conform to design review
standards.

Project costs anticipated at $2,400,000. Agency
subsidy and loans: $700,000. Private Leverage:
$1,600,000.
Agency is also providing HOME financing and
$5,000 per unit down payment assistance.

Agency subsidizes home construction costs of
approximately $40,000 per unit. Six homes were
built during this time period within the Del Paso
Heights Project Area. The entire program which
includes Oak Park and Meadowview calls for 28
homes to be built and sold. To date 21 homes
have been completed and 11 have been sold to
First Time Home Buyers. In addition, 207
students have been through the program, 145
students have graduated and of those 62 are now
employed in the building trades industry.
Number of homes painted: 90
Total Agency Dollars Spent: $ 87,000.
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Program

Description

Status

Del Paso Nuevo

154 - acre master-planned community
bounded by Altos, Norwood and South
Avenues and Arcade Creek. The scope of
the project includes creation of a sustainable
homeownership community with appropriate
land uses, public facilities and neighbohood
services. Activities and improvements
include General Plan amendments, rezones,
designation of park and transit sites, physical
improvements such as new roadways,
sidewalks and landscaping, new sewer and
drainage systems and areawide bikeway
paths.

Project received HUD funding of $ 5million in 1997
which was matched with a Section 108 loan of $5.5
million.

,

Youth Build Grant

Agency proposal to HUD was based upon the
successful Preapprenticeship Construction
Training Program. (See above) The new
funds will allow 30 young people (75% of
whom will be High School drop outs) to
participate in a two year program. The
training component includes completion of
high school education/graduation, leadership
training, counseling, case management and
on-the-job training in construction skills. A
total of four homes will be built.

Amendments to the City General Plan and Zoning
Ordinance went to the Planning Commission in
December and will go to the Council in early
January.
Infrastructure design of Ford Road is currently
underway and project is expected to commence
construction in spring 1998.
Negotiations are currently underway with a
developer for the first subdivision which will contain
71 housing units. The development partnership is
composed of Lexington Homes and New Faze
Development.
$700,000 in HUD grant funds were awarded to the
Agency in November 1997.
The Agency is contributing another $400,000 to
construct the homes. The program is anticipated
to start in the spring of 1998.
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Status

Program

Description

Other Housing
Activity

A summary of rehabilitation projects
completed in or adjacent to the project area
during the time period and utilizing Agency
funds.
Acquisition and Rehabilitation Program

Morrison Creek Housing Project consists of 22
homes which were completed by the Sacramento
Valley Organizing Committee (SVOC) in 1997;
Agency incurred costs were $190,000. All homes
are occupied at the current time.
Western Avenue Housing Project was awarded to
Rural California Housing Corporation in 1997.
RCHC will rehab thirteen Agency-owned duplexes
into 13 single family, four and five bedroom homes
starting in the spring of 1998. Potential
homeowners who have already been qualified will
provide sweat equity for the project.

.

Norwood Family Housing project located at 3257
Norwood Avenue was completed in 1994. 28 units
were acquired and rehabbed at a cost of $3.8
million. Funding sources were State Housing and
Community Development, SETA, local tax
increment, CDBG and private funds.
Grimes project located at 1400-1404 South Avenue
was completed in 1994. 6 units were rehabilitated
at a cost of $84,400 utilizing HOME as the funding
source.

-

Rehabilitation Loans

Seven additional rehabilitation loans were made
during this time period.

Retrofit Grant Program

4 cases were completed.

Christmas in April Program

7 cases were completed.

Mobile Home Repair Program

1 case was completed.

Emergency Repair Program

7 cases were completed.

First Time Homebuyer Program

24 home loans were made.

Mortgage Credit Certificate Program

92 homes were purchased.

u:Ishare\implan1DELPAS.tbl
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ATTACHMENT IV

FRANKLIN BOULEVARD REDEVELOPMENT PROJECT IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1994 to 1997
Program/Project

I Description

I Status

Commercial Development
Campbell Soup Company
Project.

Facade Grant Program

Retention of jobs at the company
location, 47th Avenue and Franklin
Boulevard, by providing direct
development incentives, reduced
fees, and reimbursement for off-site
improvements and water system
upgrades.

Provides matching grants to improve
building facades.

Owner Participation Agreement has been
executed..
Jobs retained: 1400
Total tax increment dollars rebated over a
three year period will be a maximum of
$1.M. Rebate depends on the total dollars
invested by Campbell Soup. Anticipated
Private dollars to be invested: $110 million
in plant improvements.
Facade projects completed: 6
-Valley tire Co.
$ 7,500
6418 MLK
- Sherwood Realty
$15,000
2741 Fruitridge rd..
$ 7,500
-Lunar Station
28th Street and Fruitridge
-(Commercial building) $10,000
2831 Fruitridge Rd..
-Architect Signs&Graphics $25,000
5511 35th Street
-El Metro
$30,000
45th Avenue and Franklin Blvd.
Total dollars spent:

$95,000

Private dollars leveraged: $103, 689
Public Improvement Program

This program involves the funding of
public improvements as upgrading
curbs, sidewalks and gutters as well
as the construction of water lines
and sewers.

47th Avenue Project
Construction of 1,000 linear feet of
18" water line to connect the SMUD
Cogeneration Plant on 47th Avenue
near Franklin Blvd.

-

Funding for this project was provided by the
County of Sacramento and the City's
capital improvements budget. Total
project cost is $700,000.

Phase ll of the project will link the
Campbell Soup Co. to this line and it
will be undertaken by Campbell Soup
utilizing local tax increment funds.
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Program/Project

Description

Developer and Industrial
Development Assistance
Projects

Program provides low interest loans
and other incentives to developers
and property owners to undertake
new developments and to expand
business activities. Specific activities
could include land purchase, building
rehabilitation or demolition, toxic
remediation, utility improvements,
and other types of required
assistance.

Status

Tesco Controls Project.
This project involves the expansion
of an existing business to provide
additional fabrication space.

An architect has been retained to design
the building and develop costs for the
project.
Negotiations to develop an Owners
Participation Agreement have been
initiated. Estimated total project cost is $2.7
million. Agency share is projected to be
between$300,000 and $400,000. A Section
108 loan will be utilized to fund this project.

Regulatory Revisions

This program involves the Agency
coordination with City and County
departments to facilitate code
enforcement and other regulatory
process which will improve building
and property conditions and assure
public safety.

A community neighborhood monitoring
campaign has been organized utilizing
volunteers to monitor building and property
maintenance. Enforcement activities are
coordinated with existing City and County
Departments.
Funds expended: none

Residential Development
New Housing Construction
Program

Housing constructed by this program
are either built on in-fill lots or by
developers who receive "gap"
financing on larger projects.
Victoria II Project
Construction of 70 single family
homes near Masonry and 46th
Streets.

Agency funds: $500,000
Private funds: $5.5 million
Agency share of funding will be provided by
HOME funds since tax increment housing
set aside funds are inadequate for a project
of this size.

_

Plans are now being reviewed by County
buildings and construction should be
underway soon. The developer is
Sacramento Valley Organizing Committee
(SVOC) a consortium of area churches.
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Prograrnfiproject

Description

Status

Boarded Home Purchase
Program

This project purchases boarded and
vacant single family homes and after
an evaluation they are either tagged
for rehabilitation or demolition
depending upon their condition.

Total Units purchased: 2

If demolished the property is
marketed to area contractors for the
construction of a new single family
home. If tagged for rehabilitation the
home is remodeled to current code
requirements and then sold to a low
income or first time home buyer.
Options Paint Program

Provides free exterior paint to low
income resident owners. Renters
may also participate on the condition
that the property owner is also low
income.

Total Cost:$26,200
Two single family homes have been
purchased to date and both have been
demolished. Funds have come from the
City of Sacramento Boarded and Vacant
Program funds.

When four vacant parcels have been
acquired they will be placed out for bid to
find a contractor to build new homes

Number of homes painted: 35
Total dollars expended: $18,725

Seven applications are on file.
Funds for this program are provided by the
Community Development Block Grant
program.

Public Housing:

Mulberry Commons Project

This project will convert an existing
apartment complex into a public
housing facility.
Current facility contains nine
buildings with thirty six - two
bedroom apartments (72 bedrooms).
When complete the facility will
contain a Head Start classroom and
play area, an off-street parking area,
and six and a half residential
buildings with thirteen - four bedroom
apartments (52
bedrooms)

HUD funds: $1.4 million
Private funds: 0
A small amount of CDBG funds will assist
in the construction of the Head Start
classroom.
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Program/Project

Description

Status

Other housing activities
serving the Redevelopment

Acquisition and Rehab Program

Sky Parkway Multi-Family project located at
5500 Sky Parkway was completed in 1996.
80 units were acquired and rehabilitated at
a cost of $8.5 million. Funding sources
were HOME, Housing Trust Funds,
Affordable Housing Program and private
funds.

Area

Five other acquisition and rehab projects
were completed during this time period.

Rehabilitation

Thweatt project located at 5820 39th Street
was completed in 1996. Two units were
rehabbed at a cost of $50,000 utilizing
HOME funds.
Torres Project (formerly Bamboo Gardens)
located at 6240 Martin Luther King Blvd.
Was completed in 1997.
18 units were rehabbed at a cost of
$260,000 utilizing HOME funds and private
funds.

•

Twenty-five additional projects were
completed under the single-family
rehabilititation program.
Retrofit Grant Program

34 cases were completed

Christmas in April

10 cases were completed

Mobile Home Repair Program

32 cases were completed

Emergency Repair Program

267 cases were completed

F:\dcm\status.crt
u:\share\frank.blv.
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ATTACHMENT V

MERGED DOWNTOWN IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1994-1997
Program/Project

I Description

IStatus

Commercial Development
Developer Assistance
Program

This program utilizes various redevelopment
tools in order to ensure the economic
viability of projects proposed within the
downtown. The tools include: tax increment
financing or reimbursement of eligible costs,
land write downs, powers of eminent
domain, regulatory assistance, etc.

Esquire Plaza & !max Theater
Completed negotiations on $56 million office
project and IMAX theater at 13th & K Streets.
Esquire Plaza will contain 248,600 s.f. of office
space. Agency contribution of $6 million in future
tax increment flow results in leverage of 9 to 1.

Historic Preservation
Program

This program utilizes redevelopment funds to
implement a historic preservation strategy
for the downtown's identified historically
significant buildings. Types of programs
include utilizing federal funds in the
designated Old Sacramento Historic Area,
Facade Grants for the K Street Mall, major
restoration of hotels and museums and
rehabilitation loans to eligible businesses.

Crest Theater
Completion of historic Crest Theater to circa 1949
included a complete interior remodel and upgrade
to meet ADA requirement. Agency provided a
$600.000 forgiveable loan. The leverage factor
was 1:3.

Since program inception in the early 1980's
68 structures in the Merged Downtown area
have been assisted and another 41 may be
eligible for assistance.

Crest Retail & Movie Theaters
Adjacent to Crest, a retail courtyard is under
construction. This area was destroyed by fire in
1992. The new project consists of two cafes and
two small movie theaters. Agency provided a
$275,000 loan and the leverage factor was 1:3.
Memorial Auditorium
Completion of the Memorial Auditorium renovation
in 1996, following a ten-year closure due to
structural problems. The auditorium is used
extensively for community events. The Agency
allocated $5.9 million of the $10 million total cost.

Commercial Revitalization
Program

This program utilizes redevelopment funds to
assist downtown businesses with facade
improvements and commercial building
renovation. These low- interest loans range
up to $250,000 and is targeted to J<K & L
Streets between 7th and 13th Street.

Loans & Grants
Since 1994, this program has provided 19 loans
and a number of small grants totalling $1.8 million.
These funds have leveraged approximately $2.6
million in private funds.

Cultural & Entertainment
Program

This program implements the Cultural &
Entertainment District Master Plan. Its
purpose is to create a concentrated mix of C
& E facilities that will contribute to
downtown's night and weekend activities.

Sacramento Ballet
The Sacramento Ballet was provided a $189,000
loan for tenant improvements to their new facility at
1631 K Street. The Ballet more than matched this
figure with a $201,000 loan of their own.
Festival of Cinema
In 1996 the Agency organized and commenced
annual assistance to the Festival of Cinema;
$20,000 was provided in 1996 and $10,000 in
1997. The venue for these international films is the
historic Crest Theater.
Regional Performing Arts Center
Completion of a facility study regarding location,
size, use, cost and management.
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Program/Project

Description

Status

Capital Improvement
Program

This program utilizes redevelopment funds to
improve the pedestrian connections between
the Waterfront of the Sacramento River, Old
Sacramento, Downtown Plaza, the K Street
Mall and the Convention Center. Examples
include: paving, landscaping, tree planting,
gateway signage, freeway underpass repair,
lighting, bikeways, awnings, banners and
public park space which doubles as an
entertainment venue.

Old Sacramento Way (Under 1-5 Freeway)
Improvements included reducing the angle of the
handicapped ramp, adding a brick retaiing walls
and stairways, upgraded drainage, lighting and
banners. Approximate cost was $500,000.
St. Rose of Lima Park
Redesign improvements included all infrastructure
to service the park and the Winter Ice Rink, paving,
stage and shade structures, a retail kiosk, historic
streetlights and banners. Approximate cost was
$1.3 million.
Bishop Gallegos Square
11th Street improvements include creation of a
pedestrian promoenade and view corridor to the
State Capitol, new patterned paving, new historic
lighting, banners and the placement of a statue
commemorating the late Bishop Gallegos.
Approximate cost was $250,000.
10th Street Lighting Program
Improvements included the installation of 17 new
historic lights between land L Street along 10th
Street. Approximate cost was $90,000.

Residential Development
Mixed-Use, New
Construction

Pensione K, a 125 unit Single Room
Occupancy project with 12 additional units
set aside as Live/Work space. Located at
17th & L Streets. This project was finished
in 1996.

Mid-Town Housing Project:
Agency investment of $1.2 Million, and private
investment of $3.8 Million resulted in a leverage
ratio of 1:3.

Historic Preservation

This program was designed to preserve
some of Sacramento's older and larger
Victorians within the downtown area. Funds
available include about $835,00 in Downown
tax increment funds. Potential projects are
evaluated by a "Fainted Ladies" advisory
group for future rehabilitation and processed
through the Agency's normal rehabilitation
loan committee process.

Fainted Ladies Program
To date two Victorians have been completed and
three homes are under construction. A total of 30
residential units will have been preserved for
approximately $442,000 since program inception in
1996. The addresses of these units are:
2111 !Street
420 15th Street
2220 L Street
2324 H Street
519-531 12th Street
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Program/Project

Description

Status

Single Room Occupancy
Hotels

This program allows the Agency to assist
owner/developers in the rehabilitation of
deteriorated or closed downtown hotels
which cater primarily to single persons of
very low income. Policies surrounding this
program are currently being evaluated by
City and Agency staff for consideration by
the City Council. Funding sources which
have supplemented private investment
include: Downtown tax increments, HOME
fund, Housing and Community Development
funds and tax credits.

The Terraces - 1617 0 Street
This Single Room Occupancy Hotel contains 60
dwelling units and was completed in 1995 at a total
rehab cost of $2.7 million.

Developer assistance for
Housing

This program assists in the construction of
new affordable housing units either by new
construction, rehabilitation or pricerestriction. The various components of the
program are: New Construction Loan
Leveraging, Predevelopment Loans to
Nonprofit Sponsors; Public Housing New
Construction, Buyer Assistance, and New
Infill Housing Development. Funding
sources include the Housing Trust Fund, Tax
Credits, HOME Funds, Tax Allocation Bonds
and 20% Housing Set-Asides (tax
increments)

The Shasta & Argus Hotels - 1017- 1021 10th St.
These two hotels contain 78 dwelling units and
were completed in 1996 at a total rehab cost of
$6.5 million.
The Berry Hotel
This hotel contains 112 units and was completed in
1996 at a total rehab cost of $2 million.
Southside Park Preservation Plan:
Twin Palms, 6th & S Streets, Five Townhomes
$190,000 subsidy; ratio 1:4
Capital Park, 4th & T Streets, Three S/F
$75,000 subsidy; ratio 1:6
River City Co-Housing, 5th & T, 25 M/F
$745,000 subsidy; ratio 1:4.
Mid-Town Housing Projects:
Metro Square Project, 26th & I, 45 S/F
$1.2 Million subsidy, ratio 1:6
St Francis Terrace, 25th & L, 48 M/F
$500,000 subsidy, ratio 1:11
Richards Blvd. Housing Projects:
Cottage Housing, A Street, 60 Transitional
$1.4 million; ratio 1:2.5

Other Housing Activities

A summary of rehabilitatation and home
ownership projects completed in or adjacent
to the project area during the time period
and utilizing Agency funds.

First time Homebuyer Program

One home was purchased.

Mortgage Credit Certificate Program

34 homes were purchased.

Rehabilitation Grant Program

One case was completed.

Retrofit Grant Program

One case was completed.

Emergency Grant Program

One case was completed.

u: \share\ implan1DTstatus.tbl
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ATTACHMENT VI

OAK PARK REDEVELOPMENT PROJECT AREA IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1994 to 1997
Program/Project

Description

I Status

Commercial Development
Commercial Rehabilitation
Loans

This program provides loans at favorable
interest rates to property or business
owners to assist in upgrading their property.
Loans range from $10,000 to $100,000 and
are available for both interior and exterior
rehabilitation.

Commercial loans completed: 2
Norman Jackson, 3443, 3449 2nd Avenue
$66,500
Colonial Theater, 3510-26 Stockton Blvd.
$96,500
Total loan amount: $163,000

Commercial Facade Loans

Provides zero interest loans to local
businesses or property owners secured by a
maintenance easement from the property
owner. The loans are provided to improve
the facades of the property.

Facade loans completed: 9
Visions Window Covering, 3525 2nd Ave.,
$15,000
U.S. Bank, 3418 Broadway, $15,000
Louie's Chinese Food Cafe, 4605 Broadway,
$5,000
McGeorge School of Law, 3451 5th Ave.,
$15,000
Al Randall, 3103 33rd Street, $7,500
DeviIle Market, 2756 Stockton Blvd., $7,500
Home Health Medical, 3139 Broadway, $500
It's All About You Hair Salon, 3126 Broadway,
$680
McGeorge School of Law, 3455 5th Ave.,
$15,000
Total public dollars spent: $138,680
Private dollars leveraged: $183,634
Facade loans in progress: 3
Gatejen Electric, 3517 2nd Avenue, $8,610
Rosten Remodeling, 3434 2nd Ave, $5,000
Bethel Child Care, 3724 Elby Lane, $4,493
Total public dollars spent: $18,103
Private dollars leveraged: $21,459
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Program/Project

IDescription

IStatus

OrninerCia PevelOpment .
Developer Assistance Projects

Designed to promote new development in
the Project Area. Specific activities include
land acquisition and relocation; assistance
with on- and off-site public improvements;
loans and grants to new businesses; toxic
remediation; and other types of required
assistance.
Broadway/Stockton Blvd. Supermarket
Full-service supermarket at the northwest
corner of Broadway and Stockton Blvd. The
Agency has assembled 3.82 acres for the
total 4.7-acre project and performed toxic
cleanup on the site.

Woodruff Hotel/Guild Theater
Rehabilitation of 43 single-room occupancy
units on the second story and six
commercial spaces on the ground floor.
The building is located at Broadway and
35th Street.

12th Avenue/Martin Luther King, Jr. Blvd.
Environmental testing on the four corner
sites of this intersection, three of which were
once gas stations. The Agency acquired
and demolished the northwest corner. The
southeast corner is contaminated, and the
Agency continues to monitor private
cleanup progress.
5th Avenue/ Broadway Vacant Lot
Acquisition
The Agency acquired this lot to provide
parking for the adjacent Victorian structure
the Agency owns. Both sites are being
marketed for commercial use. The Agency
may provide additional gap financing for this
development.

The Agency originally selected American
Stores Properties, Inc. (ASPI) to construct a
supermarket at Broadway and Stockton
Boulevard. During negotiations, ASPI
withdrew its interest. In late 1996, the Agency
issued another RFP and selected Taylor
Properties to develop the site. DDA
negotiations are underway. Anticipated
project budget is $1.6 million.
The Agency provided a $700,000 loan to
rehabilitate the upstairs residential units and
the six ground-floor commercial lease spaces.
The residential is 85% leased. Commercial
lease-up is underway, with one space
currently leased.

Funds expended for environmental testing on
all four corners: $35,525
Acquisition of the northwest corner: $25,000
Demolition on northwest corner: $9,000

Vacant lot acquisition: $15,000

:Residential Developmen
Sacramento Neighborhood
Housing Services (SNHS)

The Agency has provided tax increment
funds to SNHS, a non-profit organization
involved in providing housing in the Project
Area through rehabilitation loans to low- and
moderate-income families.

The Agency provided $42,500 to SNHS from
1994-1996 for administrative expenses
related to administering rehabilitation loans.
There are no plans for further tax increment
expenditures on this item.

Oak Park Boarded Homes
Program

Implemented in 1991, this program allows
the Agency to acquire vacant or boarded
homes in the Project Area. The Agency
then contracts with developers for the work.
The homes are then sold to low- or
moderate-income buyers.

Since 1994, 12 additional boarded homes
have been acquired, for a total of 27 homes
since program inception. Of the total, 14 have
been rehabilitated and sold, 10 are on line for
rehabilitation, and three are for sale. Sale
proceeds revolve back into the program. The
life-to-date tax increment expenditure for this
program is $1.45 million.
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Program/Project

Description

Status

New Housing Development

Implemented in 1990, this program allowed
the Agency to acquire infill lots. The lots are
sold to developers to construct new
affordable single-family units for purchase
by low- and moderate-income buyers.

Since program inception, 33 vacant lots have
been purchased. Eighteen have been sold;
10 homes have been constructed, with seven
sold to home buyers and three for sale; and
eight are on line for development. Sale
proceeds revolve back into the program.

Preapprenticeship Job
Training Construction Program

Approved in late 1993, this program
provides training in all aspects of residential
construction to individuals who reside in or
near the Project Area. The trainees
construct single-family homes, which are
sold to low- and moderate-income families
under the First Time Homebuyers Program.

To date, 11 homes have been built in Oak
Park, and five have been sold to first-time
home buyers. Sale proceeds revolve back
into the program. The funding source is local
tax increments.

Oak Park Partnership Housing
Program

This program provides down payment
assistance to low- and medium-income
home buyers in the form of a forgivable
low-interest loan.

To date, 32 loans have been made, for a total
tax increment expenditure of approximately
$175,000, leveraging a contribution of
approximately $1.7 million in private lending
and $96,000 in cash down payments.

Other Housing Activities

A summary of rehabilitation projects
completed in or adjacent to the project area
within the time period and utilizing Agency
funds.
Acquisition/Rehabilitation

The Vista Arms project on W Street was
completed in 1996. It contains 29 units and
was acquired and rehabbed at a cost of $1.7
million utilizing Housing and Urban
Development funds as well as local tax
increments.

Rehabilitation

Rehabilitation: The Stockton Boulevard Public
Housing Project located at 2830 Stockton
Boulevard was completed in 1996. It contains
22 units and was rehabbed at a cost of
$470,000 utilizing Housing and Community
Development funds and local tax increments.
An additional 38 rehabilitation grants have
been completed during the time period.

PAINT Plus Program

Retrofit Grant Program

13 cases have been completed.

Christmas in April

13 cases have been completed.

Emergency Repair Program

23 cases have been completed.

First Time Homebuyer Program

9 home loans have been made.

Mortgage Credit Certificate Program

38 homes have been purchased.

This program provides free exterior paint to
residences in the Project Area, based on
income qualification,

Total tax increment contribution to this
program was $100,000, which helped beautify
five whole residential blocks. The program is
now funded with federal Community
Development Block Grant funds.
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Program/Project

Description

Status

Self-Help Housing

The Agency is working with Sacramento
Habitat for Humanity to construct seven new
homes on 20th Avenue. The project follows
a self-help model, whereby the future
owners assist in the actual construction of
the housing. The homes are sold to very
low- and low-income home buyers.

The Agency provided a loan to Habitat in the
amount of $181,000 for acquisition of seven
lots. Of this amount, $70,000 was
appropriated for development fees. The funds
will then roll over to provide second
mortgages to home buyers, with a 5-year
deferral followed by a 20-year payback period.

5th Avenue Public
Improvements and
Beautification

This public improvement project would
involve repairs to damaged curbs and
sidewalks and installation of landscaping
improvements along 5th Avenue between
36th Street and Broadway.

This program has not yet been implemented.
The Agency is marketing two residential
properties and two commercial properties on
this street. Once those properties are sold
and ready to be developed, this program will
receive higher priority.

Broadway Public
Improvements and
Beautification

This project also involves making repairs to
damaged curbs and sidewalks, and
installation of landscaping improvements
along the Broadway corridor.

The Agency expended $55,000 for the
construction of brick-paved medians along the
boulevard, and $12,000 on street banners.
The remainder of the project is pending the
outcome of an urban design plan, which is
now underway, anticipated in February 1998.

NABORS

This program provides for the neighborhood
cleanup of public property by employing the
homeless.

The Agency provided $22,500 for this
program. The contract has expired, and no
future funds are planned for this program.

Public Safety

A pilot program began in 1994 to provide
security services and measures to curb
criminal activity and enhance the public
perception of the area.

The Agency provided $400,000 for this
program in 1994 and 1995. The pilot program
is now completed, and no future funds are
planned for this activity.

Workreation

This program provides employment for Oak
Park youths, ages 14 to 16, for
neighborhood cleanup. This program is
administered by the City of Sacramento
Neighborhood Services Department.

The Agency has provided $20,000 per year
for this program, for a total of $80,000 since
January 1994, which has leveraged $80,000
in federal Community Development Block
Grant funds. The program will continue to be
funded in 1998 and 1999, provided funds are
available.

:
.
OtherProjects 'an&Program
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ATTACHMENT VII

North Sacramento IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1994-1997
Program

I Description

Co mmercial Developme nt
Commercial Loans and
Facade Grants

I Status
-

This program provides
commercial loans at favorable
interest rates to business
owners in the Project Area in
order to assist them in
upgrading their businesses.
The maximum loan amount is
$100,000.
This program also provides a
rebate of funds to business
owners investing in the physical
upgrade of the exterior on their
building. The maximum grant
amount is $7,500.

RECIPIENT
DESIGN MART

ADDRESS
1122 DEL PASO BLVD.

LOAN

CAFE MONTREAL

1431 DEL PASO BLVD.

$ 31,000 $ 5,000

$ 5,000

PASTRIES PLUS

2100 DEL PASO BLVD.

$ 2,500

$ 2,500

\WSTRN LOAN

1524 DEL PASO BLVD

$ 3,700

$ 3,700

BOSELEY ELECTRIC 430 LEA WAY

$ 6,412

$ 6,412

MARCUS BLDG.

2022 DEL PASO BLVD.

$15,000

$ 15,000

MUSICIANS UNION 1925 DEL PASO BLVD.

$100,000 $15,000

$300,000

GRANT
$15,000

PRIVATE
$ 15,000

LIGHT & CO

1201 DEL PASO BLVD.

$ 5,000

$ 5,000

CITY OFFICES

920 DEL PASO BLVD.

5 7,500

$ 7,500

DEL PASO WORKS 1001 DEL PASO BLVD.

$ 5,000

$ 5,000

INTERIOR SHOP

$ 5,000

$ 5,000

CALIFORNIA SHEDS 1405 DEL PASO BLVD.

$ 300

$ 300

WOODLAKE BLDG

1516 DEL PASO BLVD.

$8,700

$ 8,700

FRED PERRY

1201 DEL PASO BLVD.

$5,000

$ 5,000

DOUG AUSTIN

1709 DEL PASO BLVD.

$2,700

$ 2,700

MICHELLETI BLDG.

2016 DEL PASO BLVD.

$15,000

$ 20,000

PORT/E ROUGE

1616A DEL PASOBLVD $100,000

1031 DEL PASO BLVD

$ 16,000

Commercial Loans completed: 3
Commercial Loans in progress: 1
Total Dollars spent: $231,000
Private dollars leveraged:$321,000

'

Facade Grants completed: 17
Facade Grants in progress: 3
Total Dollars spent: $116,812
Private dollars leveraged:$121,812
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Program

Description

Section 108 Commercial
Loan Program

This program provides loans at
favorable interest rates to
business owners in the Project
Area in order to assist them
with the acquisition and
rehabilitation of commercial
property.

Status

The North Sacramento Section
108 Commercial Loan pool was
$1,000,000. Some funds were
used for appraisals, feasibility
studies and other predevelopment costs.

Section 108 Commercial Loans completed: 5
Total Dollars spent: $1,000,000
Private dollars leveraged: $1,127,000

Sacramento Musician's Union
Rehabilitation of 1925 Del Paso
Boulevard enabled the
Musician's Union to move their
offices and develop a
practice/performance hall on
the boulevard. The project was
complete in 1996.

ADDRESS
LOAN
PRIVATE STATUS
1925 DEL PASO BLVD. $100,000 $300,000 COMPLETE

Fabritex/Design Mart
( 1122 Del Paso Boulevard)

1122 DEL PASO BLVD. $256,000 $139,000 COMPLETE

rehabilitation of a vacant and
obsolete grocery store building
into a retail center for
synergistic home decorating
businesses.
City Offices
(920 Del Paso Boulevard)
rehab to house City of
Sacramento Area 4
Neighborhood Services
Department.
Del Paso Works
(1001 Del Paso

Boulevard)rehabbed for artist
studio complex was one of the

920 DEL PASO BLVD.

$317,000

$200,000 COMPLETE

1001 DEL PASO BLVD.

$ 61,000

$100,000 COMPLETE

1616 DEL PASO BLVD.

$174,000 $388,000 COMPLETE

first on Del Paso Boulevard.
The 13 studios are design for
local artists working in many art
formats.
The Buildin g on the Boulevard
(1616 Del Paso Boulevard)
houses the Michael Himovitz
Gallery, Actors Workshop
Theater, Omega Creations, and
Port/e Rouge Restaurant.

Other projects funded by
Section 108:

Del Paso Theater Feasibility
Study: $17,000
Iceland Feasibility Study:
$25,000
Leisure Lane Appraisal: $4,000
Other studies: $46,000

COMPLETE
COMPLETE

COMPLETE
COMPLETE
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Program

Description

Status

Del Paso Boulevard Special
Planning District

Revisions of and expansion of
the Del Paso Boulevard Special
Planning District.
$9,000

COMPLETE

OPTION Uptown

Commercial Paint Program

Completed three Art Deco inspired facades on Del Paso
Boulevard.
$3,000
ON - GOING PROGRAM

Re:Si.c.1*.ritial::-Oevelopme0:::::::::
20% Low/Mod Set Aside

These tax increment funds
have been accumulating since
the establishment of the Project
Area. These funds are
anticipated to be used as
Developer Assistance for viable
low/mod projects in North
Sacramento.
Artist Live & Work
A group of artists has been
working for several years on
locating a site, identifying
sources of financing, and
designing a live/work facility,

The Agency has moved forward with funding approval for the
Live/Work project. The funding is contingent upon
SurrealEstates, Ink. obtaining funding commitments from
lenders, gaining control of the site, and establishing a final
budget for the project.
The Agency has committed $141,000 of North Sacramento
20% Low/Mod Set Aside to the project.

Options Residential Paint
Program

This program provided income
qualified residents of the
Project Area will free exterior
paint and volunteer labor if
necessary.

Other Housing activities

A summary of rehabilitation and
homeownership activities
completed in or adjacent to the
project area during this time

Number of houses painted: 31
Total dollars spent: $40,000

period.

Rehabilitation Loan Program

9 cases were completed

Retrofit Grant Program

5 cases were completed

Christmas in April Program

5 cases were completed

Emergency Repair Program

48

First Time Homebuyer Program

5 home loans were completed

Mortgage Credit Certificate
Program

31 homes were purchased

cases were completed

s are imp an p ort Isac t
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ATTACHMENT VIII

RICHARDS BOULEVARD IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects, and Expenditures
1994-1997
Program

Description

Status

The establishment of basic services and
transportation linkages between Downtown and
Richards Boulevard

Intermodal Terminal
A design study has been completed for the
creation of an interim Multi-Modal transfer
facility at the 5th & I Depot site. At the same time
Regional Transit is engineering a Light Rail
extension to the Railyards site along the 8th & H
Streets alignments. The City has been awarded $8
million to fund the first phase of the overall $17
million project.

Commercial Development
Capital ImprovementsTransportation

Construction of public improvements for
unserved parcels in the form of streets, curbs,
gutters, sidewalks, freeway access, etc.

Widening of Richards Blvd.
Project was completed in 1996. It is a five lane
major arterial between No. 3rd Street and No. 7th
Street. The approximate cost was $2.6 million;
the City contributed $1.3 million. Phase II,
widening between No. 7th and No. 12th Streets is
Item 4 on the City's CIP list; estimated cost is
$3.7 million. City is pursuing establisment of an
Assessment District to complete this phase.

.

7th Street Arterial Roadway
A financing plan and implementing ordinances
are in process; the plan establishes fee structure to
fund the 7th Street "punch through" as well as
many other major projects. However, toxic
remediation must be completed first and is
anticipated by 2003.
J Street Ramp
In 1996, the City and State completed the
widening of this ramp allowing for additional
vehicle capacity and preventing stacking on the
1-5 Freeway. Parking was also eliminated on 1
and j streets to improve and increase traffic flow.
20th Street Bikeway
The design and environmental work are complete.
City staff are now obtaining necessary permits to
allow construction to proceed sometime in mid1998. The project is fully funded at $500,000.
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Program

Description

Status

Economic Development

Redevelopment Plan Amendment: This
amendment was made as part of a negotiated
agreement [ Disposition and Development
Agreement] with Blue Diamond Growers in order
to consolidate all of BDG's properties within the
Richards Boulevard Redevelopment Area.

Redevelopment Plan Amendment
On July 2, 1996, the City Council of the City of
Sacramento adopted an amendment to the
Richards Boulevard Redevelopment Plan which
incorporated fifteen additional blocks and
included the annexation of a major portion of the
Blue Diamond Growers (BDG) almond
processing facility located on C Street. The
adoption included findings of blight and
economic disinvestment and specific new projects
were proposed as part of the action.

Economic Reinvestment and Job Retention:
A multi-agency team composed of the City of
Sacramento, the County of Sacramento, the
Sacramento Employment Training Act (SETA),
SMUD, and the Redevelopment Agency
negotiated two major agreements in order to retain
Blue Diamond Growers in the Sacramento area.
The agreements were approved on March 5, 1996.
Contained within them was an agreement for City
and Agency assistance in making certain public
improvements to BDG's facilities and acquisition
of specific parcels of land which would allow
them to secure their site and provide improved
movement of 'product' (almonds). In exchange
BDG agreed to remain in Sacramento for a period
of 15 years, maintain at least 700 full time
equivalent employees, invest $30 million in new
fixtures and equipment and dedicate a 6 acre piece
of land along the American River Parkway. The
Redevelopment Agency and the City of
Sacramento jointly contributed $2.3 million
dollars towards capital improvements and the
Agency secured for BDG, a $5.6 million Section
108 Loan and a $1.5 million economic
development grant.

Blue Diamond Growers Disposition and
Development Agreement
18th Street between C and D Streets was
abandoned in 1996 by the City Public Works
Department. Still being considered is Blue
Diamond's request to abandon C Street. This
action will be considered in conjunction with the
Neighborhood Preservation Transportation Plan
(NPTP) in a public hearing environment. A
tunnel under the Union Pacific mainline(one of
two proposed) was also completed in 1996 by
BDG. The second tunnel will not be constructed.
Property acquistion of several parcels is underway
in tandum with toxics investigations. During
1997, appraisals were completed, formal purchase
offers made, relocation contracts were executed
for the purchase of Capitol Machine Shop and
Phase 1 toxics analysis was completed. Phase Il
toxics investigation is now underway as is an
Equipment and Fixtures appraisal for Capitol
Machine.

2
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Program

Description

Status

Facility Construction

Consolidation of existing social services and
related service providers into a single campus
which includes shelter facilities for homeless men,
women and families as well as detoxification
facilities. Also construct very low income
transitional housing for participants who are ready
to return to standard rentals.

Social Service Campus
Land acquisition and toxics cleanup was
completed in 1995 and 1996. During 1997
Phase 1 of the campus development was also
implemented. This included opening the Detox
component in another area of Richard Blvd. The
Detox Program is now located in a pre-exisiting
Type I County facility and provides 120 beds.
Administration of services by the Volunteer of
America includes the use of $286,000 annually in
downtown tax increment funds. Staff is
presently reviewing funding alternatives for
proceeding with later phases of the Social Service
Campus portion of the project. Also currently
underway is the relocation the Transitional Living
Community Services Program to the site in a
temporary trailer structure, prior to the
construction of the proposed administration
building.

Cottage Housing - See Residential Development
Historic Preservation

Secure and preserve identified historic structures
for future use which includes mothballing
warehouses known as the "Central Shops".
Special measures are needed to secure and
preserve them until such time as funding is
available to perform renovation for either interim
or long term use.

Mothballing Central Shops
Vanir Construction has completed its evaluation
of the structural integrity of the buildings and
made its recommendation to Agency staff.
However, since there is no longer a Development
Agreement between the City and the Railroad the
issue has been delayed due to lack of site control.
Historic Survey
A consultant contract has been executed with a
historic preservation firm and the contractor will
survey both the Richards Blvd. Area as well as the
Railyards. The survey and inventory should be
completed sometime in in 1998 and result in a
proposal to list specific structures on the National
Register. The cost of the survey was $3000.

3
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Program

Description

Status

Alternate Sources of Funding:
20% Set-aside funds received to date: $461,000
Expenditures to date for Homeless and Housing
Authority programs is $372,300 and there is a
remaining balance of $97,700.

See Below

Residential Development
Background: The 1994 adopted
Implementation Plan for Richards
Blvd. stated that "no new,
rehabilated or price restricted units
are expected to be assisted during
each of the next five years".
Instead the Housing Program
would focus on accumlating setaside revenues, acquiring land and
the installation of infrastructure to
support housing in the subsequent
five year period.

Assuming insufficient set-aside funds in the early
years of the redevelopment plan, housing goals
have been met by utilizing other resources such as
borrowing from Merged Downtown set-aside
funds, issuance of low-income tax credits
(Cottages) and utilitizing federal modernization
funds (Dos Rios Housing Project).

Land Banking

Agency acquisition at fair market value of land to
acommodate future development of 100 very low
income units. 20% Housing Set Aside funds
need to accumulate in excess of $500,000 to meet
this goal.

Program is on hold until sufficient funds are on
hand to commence purchase of up to four acres
for a 100-unit affordable housing complex.
Acquisition is expected to commence in 1999.

Land Dedication

The 1994 Preliminary Agreement between the
City, the Agency and Southern Pacific anticipated
that SP would transfer/dedicate up to 5.9 acres of
land to the Agency for housing by 1999. This
land would accomodate up to 200 units which
would be constructed sometime after the year
2000.

Project is on hold pending residential toxics
cleanup of designated Super Fund site. Railroad
schedule currently anticipates 2003 for clean site.
In the interim, staff is pursuing adoption of major
financing plan and implementing ordinances.

Resident-Serving Infrastructure

Actual production of residential units is dependent
on installation of infrastructure within the project
area. The Preliminary Agreement called for $40
million in tax increment funds to finance this
infrastructure over the 35 year life of the plan.
Early projects include the 7th Street Arterial and
the reconstruction of the American river Rail
Bridge, both mentioned under Capitol
Improvements above.

See comments under Land Dedication and under
Capitol Improvements.
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Program

Description

Status

Other Housing Projects

Assuming insufficient set-aside funds in the early
years of the redevelopment plan, housing goals
have been met by utilizing other resources such as
borrowing from Merged Downtown set-aside
funds, issuance of low-income tax credits
(Cottages) and utilitizing federal modernization
funds (Dos Rios Housing Project).

Cottage Housing (Transitional Housing for
Homeless
Groundbreaking for this project took place in
November 1995 for sixty units of transitional
housing for the homeless at 14th and A Streets.
The Agency provided $1.4 million in federal
HOME Program funds for construction and
permanent financing. The total cost of the
project was $3.5 million and required the issuance
of Low Income Housing Tax Credits as well as an
operating deficit guarantee of $270,000 from the
non-profit developer. The project was delayed
while relocation of the prior industrial tenant took
place as well as the remediation of toxic
contamination of a Super Fund site and
abandonment of a city street.
Dos Rios Public Housing Project
166 units were constructed in 1942; 50 units
were constructed circa 1960. 24 units have been
completely modernized to date. 92 units have
been partially modernized. 100 units remain for
future modernization. Source of funding includes
federal Comprehensive Grant Program (CGP) and
Capitol improvment Assistance Program (C1AP).
$3.3 million has been spent to date, $6.9 million
has been approved for current modernization
projects and another $3 million in funding is
anticipated.

U:\SHARE\IMPLAN\RBSTATUS.TBL
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ATTACHMENT IX

STOCKTON BOULEVARD REDEVELOPMENT PROJECT IMPLEMENTATION PLAN
Status of Five-Year Programs, Projects and Expenditures
1994 to 1997

Program/Project

Description

Status

Sacramento City Unified School District
Adult Skills Center. Acquisition of land for
commercial development and/or
rehabilitation/ reuse projects as well as site
preparation and disposition.

Agency has provided funding for the Sacramento City
Unified School Districts new Adult Skills Center and
land acquisition. The School District will be spending
approximately $9.7 million on constructing the center.

Development
_ Commercial
_ ,.
,
_
Land Assembly and
Relocation

Total dollars spent: $1.3 million over 8 years
Private dollars leveraged: $9.7 million

Public Improvements

Upgrades to the traffic circulation, water,
sewer, and gutter and sidewalk
improvements.

Street improvements are underway for Lemon Hill
Avenue in conjunction with the Sacramento City
Unified School District's Adult Skills Center project
and a future Boys and Girls Club facility.

Assistance with relocation of utility poles to
facilitate development for Rite Aide Drug
Store on Fruitridge and Stockton blvds.

Private dollars leveraged: Funds expending for the
Skills Center and Boys and Girls Club project are
estimated at approximately $14 million.
Funds spent: $610,000
Escrow on the property is scheduled to close in
February. Construction to commence shortly
thereafter.

Commercial Loan
Program

Low interest and/or deferred interest loans to
assist business property owners in
rehabilitating their properties

.
Facade Grant Program

Provides matching grants to improve
building facades.

.

Commercial loans completed: 3
A and A Supermarket
6545 Stockton Blvd.
George Skikos
5880 Stockton Blvd.
Hai Nguyen
6540 Stockton Blvd.
Total dollars spent: $297,500
Private dollars leveraged: $1,110,000
Facade projects completed: 2
Facade grants in process: 1
Elgin Bradley
4217 Stockton Blvd.
George Skikos
5880 Stockton Blvd.
Hai Nguyen
6540 Stockton Blvd.

•

Total dollars spent: $37,750
Private dollars leveraged: $ 37,750
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Program/Project

Description

Status

Boarded Home Purchase
Program

This program purchases boarded and vacant
single-family homes and after an evaluation
they are either tagged for rehabilitation or
demolition depending upon their condition.
If demolished, the property is marketed to
area contractors for the construction of a new
single family home. If tagged for
rehabilitation, the home is remodeled to
current code requirements and then sold to a
low-income first time home buyer.

This is a city program, however, most of the boarded
homes within the Redevelopment Area are located in
the County and therefore ineligible for funds at this
time. City funds will be used on City properties when
identified.

South Sacramento Paint
Program

Provides free exterior paint to low-income
resident owners. Renters may also
participate on the condition that the property
owner is also low-income.

Number of homes painted: 25
Funds expended: $10,660
Applications currently underway: 2

Other Housing Activities

A summary of rehabilitation projects and
home loans completed in or adjacent to the
project area.

Residential Development

Rehabilitation

Collins project is located at 5724-26 Nina Way and
was completed in 1995. Two units were rehabbed
utilizing local tax increment funds and Community
Development Block Grant funds.
Greenway Village project is located at 6311 Sampson
Way and was completed in 1996. 54 units were
rehabbed at a cost of $3.9 million. The funding
sources were HOME, Housing Trust Funds, Tax
Credits and Affordable Housing Program.
A total of nine additional single-family, owneroccupied homes were completed during this period.

Retrofit Grant Program

18 cases were completed.

Mobile Home Repair Program

30 cases were completed.

Emergency Repair Program

188 cases were completed.

First Time Home Buyer Program

3 homes loans were completed.

U:\SHAREUMPLAN\STOCKTON.TBL
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DEPARTMENT OF
NEIGHBORHOODS, PLANNING AND
DEVELOPMENT '

CITY OF SACRAMENTO
CALIFORNIA

1231 I STREET
ROOM 300
• SACRAMENTO, CA
• 95814-2904
PLANNING
916-264-5381
FAX 916-264-5328

January 28, 1998
City Council •
Sacramento, California
Honorable Members In Session:
SUBJECT: APPEAL OF PLANNING COMMISSION'S APPROVAL:
SHOREBIRD RESIDENTIAL SUBDIVISION (P97 - 008)
Negative Declaration
B.

Mitigation Monitoring Plan

C.

Amend the Shorebird PUD Guidelines to eliminate the decorative masonry
wall along the north boundary, language pertaining to custom lots and more
specific language on the RV storage and setback requirements;

D.

Amend the Shorebird PUD Schematic Plan to realign street patterns, relocate
various housing types and increase park acreage in the PUD;

E.

Tentative Map to subdivide 39.6+ acres into 166 single family lots, a pump

station site, a park site and a levee parcel in the Single Family Alternative Planned Unit Development { R-1A(PUD)} zone;
F.

Subdivision Modification to waive sidewalk construction on one side of a
public right-of-way; to waive parking on one side of the proposed Avocet Way &
Avocet Court; to allow streets widths at 32 ft. for Avocet Way and Avocet Court;

G.

Subdivision Modification to allow one through lot in the proposed subdivision;

H.

Special Permit Time Extension to construct 166 single family residential units •
on 39.6+ acres in the R-1A(PUD) zone in the Shorebird PUD,

Spank
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January 30, 1998

"
Ms. Valerie A. Burrowes
City Clerk
City of Sacramento
915 I Street, Rm. 304
Sacramento, California 95814
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SHOREBIRD APPEAL OF PLANNING COMMISSION DECISION (P97-008)
Dear Ms. Burrowes:
On behalf of the applicant for the proposed Shorebird application, we respectfully request that
the above noted item currently scheduled for the February 3 rd City Council meeting be
continued for two weeks to the February 17th agenda. In light of the fact that there is an
approved tentative map (P92-122) still valid on the property, Citation Northern, Inc. is
requesting the extension to determine if they would like to proceed with the original approval.
Thank you for your time and consideration in this matter. Should you have any questions or
need any additional information, please do not hesitate to call.
Sincerely,

The Spink Corporation

Michael P. Smith
Senior Associate
MPS/tcp
Scot Mende
Dan Nicolaus
Geoff Robinson

c:
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