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Prevalence of Dental Fluorosis in the Primary Dentition 
~~ 

John J. Warren, DDS, MS; Steven M. Levy, DDS, MPH; Michael J. Kanellis, DDS, MS 

Abstract 
Objectives: This paper presents data on the prevalence of primary tooth 

fluorosis among children residing in Iowa, and the relationships between fluorosis 
prevalence and selected measures of fluoride exposures. Methods: Children in 
the study cohort were followed prospectively during the first year of life. This study 
assessed their home water fluoride concentrations and use of fluoride dentifrice 
or dietary fluoride supplements. A total of 637 children (320 females and 31 7 
males) were examined for fluorosis using a modification of the TSlF index at age 
4 1/2 to 5 years, with 90.4 percent having intact primary dentitions. Results: 74 
children (7 7.6%) had fluorosis present on one or more of their primary teeth, and 
71 children (1 I. 1 %) had two or more teeth affected. Nearly all fluorosis was mild, 
with the primary second molar teeth most commonly affected. Fluorosis was 
significantly associated with higher water fluoride concentration, but not with the 
use of dentifrice or fluoride supplements. Conclusions: The results of this study 
show that primary tooth fluorosis is relatively uncommon, but is most frequently 
seen on the posterior teeth, particularly the primary second molars, which form at 
later stages of development. This finding suggests that primary tooth fluorosis is 
mostly a postnatal phenomenon, and is associated with higher water fluoride 
levels. [J Public Health Dent 2001;61(2):87-911 
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There have been an increasing 
number of studies on the prevalence of 
dental fluorosis in the permanent den- 
tition and its risk factors (1-6). One 
such study found that fluorosis in the 
permanent dentition was associated 
with fluorosis in the primary dentition 
(7). However, many fewer studies 
have assessed the prevalence of pri- 
mary tooth fluorosis, particularly in 
North America. 

A number of studies of primary 
tooth fluorosis have been conducted in 
isolated areas in Africa and Europe 
with high levels of water fluoride (8- 
14). These studies have found nearly 
universal prevalence of primary tooth 
fluorosis in these locations, and have 
found that the primary molars, par- 
ticularly the primary second molars, 
are most often and most severely af- 
fected (8-10,13). 

Studies of primary tooth fluorosis in 
industrialized natiorp in Europe, with 
more moderate levels of water fluo- 

ride (2.0 ppm or less), are less com- 
mon. Forsman (15) found in the 1970s 
that fluorosis did not occur in the pri- 
mary dentition among children living 
in an area in Sweden with water fluo- 
ride levels of 0.2 ppm or less; however, 
in communities with 0.8 pprn F, 43 
percent were affected and 76 percent 
had primary tooth fluorosis in a com- 
munity with a water fluoride level of 
2.75 ppm. The study found that 
fluorosis of the primary dentition was 
less severe than that in the permanent 
dentition, with primary tooth fluorosis 
more prevalent and severe in the pri- 
mary molars than the anterior primary 
teeth. A study of children residing in 
communities in Greenland and Den- 
mark (16), with water fluoride concen- 
trations from 1.1 to 1.6 ppm, found 
fluorosis prevalence in the primary 
dentition to be about 15-30 percent, 
with prevalence and severity posi- 
tively associated with consumption of 
powdered infant formula reconsti- 

tuted with tap water. This study found 
all primary fluorosis to be in the mild 
or very mild categories, with the sec- 
ond primary molars most commonly 
affected (16). 

More recently in the United King- 
dom, Booth et al. (17) found primary 
tooth fluorosis prevalence in a com- 
munity with 0.3 ppm F (32%) to be 
similar to that in a community with 1.0 
ppm F (34%). That study of 3-year-olds 
found primary tooth fluorosis to be 
somewhat more common in the inci- 
sors than in the first molars, although 
fluorosis on the primary first molars 
was significantly (P=.005) more preva- 
lent in the 1.0 pprn F community than 
in the nonfluoridated community. In 
contrast, a similar study also con- 
ducted in the United Kingdom found 
the prevalence of primary tooth 
fluorosis in an optimally fluoridated 
community (1 .O ppm) to be 29 percent 
compared to 14 percent in a low-fluo- 
ride community (0.3 ppm) (18). As in 
most other studies, primary tooth 
fluorosis was more prevalent on the 
molars than the canines or incisors. 

The only contemporary study of 
primary tooth dental fluorosis in the 
United States was conducted by Lev- 
erett et al. (19) in nonfluoridated areas 
( ~ 0 . 3  ppm) of Maine. The study was 
designed as a double-blind, placebc- 
controlled study to investigate the ef- 
fectiveness of prenatal fluoride sup- 
plements in caries prevention, where 
both the prenatal fluoride and placebo 
groups received postnatal dietary 
fluoride supplements. The study 
found no statistically significant effect 
of the prenatal supplements in terms 
of caries experience or fluorosis preva- 
lence. Overall, this study found that 
about 3 percent of children had pri- 
mary fluorosis at age 5 years. The 
highest prevalence was in the primary 
second molars, which accounted for 70 
percent of all affected teeth (19). There 
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have been no contemporary US stud- 
ies of primary tooth dental fluorosis in 
fluoridated areas, or in locations with 
combinations of both fluoridated and 
nonfluoridated water supplies. 

This paper presents data on the 
prevalence of primary tooth fluorosis 
and associations with water fluoride 
levels, use of fluoride supplements, 
and use of fluoride dentifrice among 
637 Iowa children participating in a 
longitudinal cohort study. 

Methods 
Children included in the present 

study were part of the Iowa Fluoride 
Study cohort (20-24), which had been 
followed prospectively since birth. 
The children were examined mostly at 
age 4 1/2 to 5 years (mean age=4.63 
years), 98.0 percent were white, and 
90.4 percent had intact primary denti- 
tions. A total of 637 children (320 fe- 
males and 317 males) were examined 
for dental caries and fluorosis. 

Because there are no published cri- 
teria specific for primary tooth 
fluorosis, criteria were based on the 
Tooth Surface Index of Fluorosis 
(TSIF) (25). Using descriptions from 
published literature, photographs, ex- 
tensive consultation with a developer 
of the TSIF index, and other sources of 
information, these criteria were 
adapted for the primary dentition (26). 
One adaptation was to score the pres- 
ence or absence of fluorosis on each of 
the gingival, middle, and occlusal 
thirds of the buccal surface when 
fluorosis was identified on the buccal 
surface of a specific tooth. Other adap- 
tations were more minor and were due 
to differences in location and appear- 
ance between primary tooth fluorosis 
and the permanent tooth fluorosis for 
which TSIF was developed. TSIF 
codes 4 and 6 were not used because 
fluorosis is less severe and staining is 
less common in primary tooth 
fluorosis than in permanent tooth 
fluorosis (271, and for TSIF code 1, 
"snow-capping'' was not used as a de- 
finitive criterion for diagnosis. As with 
permanent teeth, the scores of 1,2, and 
3 were based on collapsing the area 
affected to approximate the amount of 
the surface affected. Also consistent 
with the TSIF protocol, teeth were ex- 
amined using a mouth mirror and ex- 
amination light, but the teeth were not 
dried. 

Fluorosis was distinguished from 
other lesions, such as isolated non- 

fluoride opacities, largely by applying 
Russell's criteria for differential diag- 
nosis of fluorosis (28). Specifically, 
fluorosis was differentiated from non- 
fluoride opacities based on differences 
in shape, demarcation, color, and de- 
tection ability of the lesions. Because 
fluorosis in the primary dentition is 
somewhat different from fluorosis in 
the permanent dentition, Russell's cri- 
teria regarding specific teeth affected 
and areas affected were not applicable. 
In addition, Russell's observation that 
fluorosis in the permanent teeth gen- 
erally occurs bilaterally (28) was not 
used as a strict criterion for fluorosis in 
the present study. Fluorosis was dis- 
tinguished from enamel demineraliza- 
tion ("white spot" lesions) based on 
color, texture, demarcation, and rela- 
tionship to the gingival margin, with 
areas closely adapted to and parallel- 
ing the gingival margin generally be- 
ing consistent with demineralization, 
while areas more variable in their ap- 
proximation to the gingival margin 
generally being consistent with 
fluorosis. 

Examinations were conducted by 
one of two trained and calibrated ex- 
aminers using a portable chair and ex- 
amination light. Interexaminer reli- 
ability was assessed by examinations 
of approximately 10 percent of sub- 
jects by both examiners periodically 
throughout data collection, which 
took place from August 1997 through 
March 2000. Percent agreement and 
kappa statistics were computed at the 
subject, tooth, and surface levels. At 
the person level, percent agreement 
was 86.2 percent and kappa was 0.49; 
at the tooth level, percent agreement 
was 97.5 percent and kappa was 0.57; 
and at the surface level, percent agree- 
ment was 98.3 percent and kappa was 
0.46. 

Fluoride exposure data were ob- 
tained using questionnaires com- 
pleted by parents periodically 
throughout the child's first year of life. 
Specifically, fluoride dentifrice use 
was assessed by questionnaires 
mailed at 9 months and 12 months of 
age, which asked whether dentifrice 
was used during the preceding three- 
month period. Fluoride supplement 
use was assessed at 6 months and 9 
months of age, and subjects were cate- 
gorized as having used supplements if 
supplement use was reported at either 
of these time points. Home water fluo- 
ride concentration was measured at 6 

months of age. For the home water 
fluoride determination, those using 
municipal water supplies were as- 
signed fluoride values for their com- 
munity as reported to the Iowa De- 
partment of Health. For those consum- 
ing water from private wells or filtered 
municipal water, water samples were 
obtained and tested by the study team 
using a fluoride-specific electrode. 

Data were entered using SPSS@ 
Data Entry software (29), and statistics 
were generated using SPSSB (30) and 
SAS (31). Chi-square analyses were 
used to assess associations between 
categorical or ordinal variables, while 
t-tests were used to compare differ- 
ences between group measured on an 
interval scale, with P<.05 considered 
statistically sigruficant. 

Results 
Of the 637 children examined, 74 

(1 1.6%) had fluorosis present on one or 
more of their primary teeth, 71 (1 1  YO) 
had fluorosis on two or more teeth, 
and 39 (6.1%) had fluorosis on four or 
more teeth. As shown in Table 1, 
fluorosis occurred bilaterally in one or 
both arches most of the time, so that 
usually an even number of teeth (78%) 
were affected per person. Based on 
previous definitions (32-34), those 
with fluorosis were considered to be 
those with two or more teeth affected. 
Using this definition, the mean 
number of teeth affected for the entire 

TABLE 1 
Number of Teeth with Fluorosis 

Present 

Number 
of Teeth 
with 
Fluorosis N 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
12 
Total 

563 
3 

23 
9 

21 
2 

10 
1 
3 
1 
1 

637 

Yo of 
Children 

YO of with 
Children Fluorosis 

- 88.4 
0.5 4.1 
3.6 31.1 
1.4 12.2 
3.3 28.4 
0.3 2.7 
1.6 13.5 
0.2 1.3 
0.5 4.1 
0.2 1.3 
0.2 1.3 

100 100 
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sample was 0.44, and among those 
with fluorosis it was 3.93. The mean 
numbers of surfaces affected were 0.67 
and 5.96, respectively. Nearly all 
fluorosis was mild (TSIF score=l), 
with only two individuals having 
higher TSIF scores. 

Figure 1 depicts the percentages of 
subjects with fluorosis by individual 
tooth identity. By far, the primary sec- 
ond molar teeth were most commonly 
affected, with fluorosis prevalence 
ranging from 8.8 percent to 9.4 per- 
cent. First molars were affected in 
1.2-2.2 percent of the subjects, and ca- 
nines and incisors were affected in 
fewer than 1 percent of the subjects. 
Among the second molar teeth with 
fluorosis, the buccal surface was af- 
fected in nearly 80 percent of cases, 
with the occlusal and lingual surfaces 
each affected in about 25-35 percent of 
uses. On the buccal surface of the sec- 
ond molars, the most common loca- 
tion was near the gingival margin, 
with 75 percent to 91 percent of af- 
fected teeth exhibiting fluorosis on the 
gingival third of the buccal surface. 
The middle and occlusal thirds of the 
buccal surface of the second molars 
were each involved in 26 percent to 44 
percent of affected teeth and varied 
among specific teeth. 

Use of fluoride dentifrice was re- 
ported by 25 percent of the subjects 
and 25.8 percent reported using fluo- 
ride supplements at some time during 
the first year of life. The mean home 
water fluoride concentration at six 
months of age was 0.82 ppm, with a 
range from <0.01 pprn to 2.40 ppm. 

There were significant differences 
in the prevalence of fluorosis among 
suboptimal, optimal, and high water 
fluoride concentrations, with higher 
fluorosis prevalence in areas with 
higher water fluoride levels (Table 2). 
The mean home water fluoride con- 
centration for those with fluorosis 
(0.90 ppm) was also significantly 
higher (P=.OOl, t-test) than for those 
with no fluorosis (0.76 ppm). In addi- 
tion, the prevalence of fluorosis was 
higher among chldren who had used 
dietary fluoride supplements than 
among those with no supplement use; 
however, this difference was not sta- 
tistically significant. There was no sig- 
nificant difference in fluorosis preva- 
lence between those reporting denti- 
frice use during the first year of life 
and those not using fluoride dentifrice 
during this period. Fluorosis was 

FIGURE 1 
Percent of Subjects with Fluorosis by Tooth 
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TABLE 2 
Prevalence of Dental Fluorosis* by Fluoride Exposure Variables and Sex' 

Fluorosis Prevalence 

Variable n t  n % P-value$ 

Home water fluoride concentration .002 
<0.70 ppm 1 73 10 5.8 
0.70-1.20 ppm 305 38 12.5 
~ 1 . 2 0  pprn 81 17 21 .o 

Dietary fluoride supplement use .612 
Yes 131 13 10.0 
No 506 58 11.5 

Yes 159 15 9.4 
No 478 56 11.7 

Male 317 38 12.0 
Female 320 33 10.3 

Fluoride dentifrice use .428 

Sex .502 

*Defined as two or more teeth affected by fluorosis. 
tWater fluoride concentration was available for 559 of 637 subjects at 6 months of age. 
$P-values based on chi-square analyses. 

slightly more prevalent in males than 
in females, but this difference also was 
not statistically significant. 

Discussion 

sis were obtained as part of a longitu- 
dinal study of fluoride exposures and 
dental fluorosis, and the main goal 
was to relate the presence and severity 
of fluorosis in the permanent dentition 
to the longitudinally collected meas- The data for this descriptive analy- 
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ures of fluoride exposure. As interme- 
diate steps toward this ultimate study 
goal, the primary dentition was as- 
sessed for the prevalence and severity 
of fluorosis and those findings were 
related to measures of fluoride expo- 
sures, focusing on the first year of life. 
Thus, as a longitudinal cohort study, 
the sample is not representa tive of any 
defined population, and comprises 
children whose parents chose to keep 
&em in the study. Therefore, generali- 
zations and comparisons to other 
studies should be made with caution. 
h particular, cohort families were of 
relatively higher socioeconomic status 
than the general population as meas- 
ured by income and education levels. 

As with studies of fluorosis in the 
permanent dentition, several different 
indices have been used to assess pri- 
mary tooth fluorosis, making com- 
parisons across studies difficult. For 
example, in the only other US study of 
fluorosis in the primary dentition, 
Leverett et al. (19) used Dean’s Index 
(33,35) and reported primary tooth 
fluorosis prevalence of 3 percent. 
However, Dean’s Index (33,35) has a 
“questionable” category and the re- 
ported prevalence did not include 
cases in that category. Although it ap- 
pears that fluorosis prevalence in the 
present study is somewhat higher 
than reported in nonfluoridated areas 
of Maine, differences in the indices 
used may account for at least some of 
the difference in prevalence. 

In addition, because few studies 
have focused on primary tooth 
fluorosis and no indices have been de- 
veloped specifically for it, it is possible 
that some studies misclassified other 
conditions as primary tooth fluorosis 
or did not recognize primary tooth 
fluorosis when it was present. As part 
of the present study, substantial effort 
was made to characterize primary 
tooth fluorosis through photographs 
obtained from other clinicians and re- 
searchers, correspondence with other 
investigators, and extensive review of 
the literature. In addition, the present 
study used Russell’s criteria (28) to 
distinguish fluorosis from nonfluoride 
opacities based on shape, demarca- 
tion, and color of the lesions. Fluorosis 
was also distinguished from enamel 
demineralization based on color, tex- 
ture, demarcation, and approximation 
to the gingival margin. Thus, while 
primary tooth fluorosis can be easily 
overlooked or confused with other 

conditions (such as “white spot” le- 
sions or isolated opacities), the present 
study took steps to ensure that the 
presence or absence of primary tooth 
fluorosis was correctly assessed. 

Consistent with most other studies, 
we found that primary tooth fluorosis 
was most prevalent on the primary 
second molars, particularly on the gin- 
gival third of the primary second mo- 
lars. Because the gingival portions of 
the second molars are the parts of the 
primary tooth crowns that form latest 
in development among all primary 
teeth, it appears that primary tooth 
fluorosis, like permanent tooth 
fluorosis, may be due primarily to 
postnatal fluoride exposure. Although 
i t  appears that fluorosis can occur via 
prenatal exposure in isolated areas 
with extremely high water fluoride 
levels (8,10,13), it is likely that primary 
tooth fluorosis is related primarily to 
the level of postnatal fluoride inges- 
tion during dancy. 

The findings from the present study 
support the concept that fluorosis is 
mostly associated with postnatal fluo- 
ride because fluorosis occurred mostly 
on the later developing teeth and was 
associated with water fluoride concen- 
tration. Although there appeared to be 
a dose-response relationship between 
water fluoride concentration and 
fluorosis prevalence, it was not as 
strong or as dramatic as the relation- 
ship between water fluoride concen- 
tration and fluorosis in the permanent 
dentition as described by Dean 
(32,33,35). That is, although the preva- 
lence of fluorosis was higher among 
children living in areas with higher 
water fluoride concentrations (>1.2 
ppm) than among those in areas with 
lower fluoride concentrations, the 
prevalence was still relatively low. 
There may be several reasons for this 
finding, most notably the limited diets 
of children in the first year of life and 
variable consumption of water, such 
that only those children fed infant for- 
mulas mixed with fluoridated water 
are likely to be exposed to significant 
amounts of water fluoride early in life. 
As infants mature, their diets become 
more varied; nevertheless, water fluo- 
ride exposure is still likely limited to 
infant formula, concentrated fruit 
juices, and infant cereals mixed with 
water, with little water by itself (20). 

Fluorosis occurred even among 
children residing in areas with lower 
fluoride levels (<0.7 ppm). Again, this 

finding may be due to dietary fluoride 
sources other than water, such as in- 
fant fruit juices, pureed fruits, and 
vegetables that have been shown to 
contain significant amounts of fluo- 
ride in some cases (22,36). Unlike stud- 
ies of risk factors for fluorosis in the 
permanent dentition (37-42), the pre- 
sent study did not find either fluoride 
supplement use or dentifrice use to be 
significantly associated with fluorosis, 
although fluorosis prevalence was 
slightly higher among supplement us- 
ers. These findings may be due to the 
relatively low intensity of supplement 
use in this sample as described pre- 
viously (23), and the use of fluoride 
dentifrice limited to only the later 
stages of primary tooth formation 
(2 1,43,44). 

Finally, it is important to note that 
although primary tooth fluorosis was 
associated only with water fluoride 
concentration in the present study, its 
prevalence, like that of permanent 
tooth fluorosis, is dependent on total 
fluoride intake from all sources. Thus, 
further research, including continued 
analyses of data from the present 
study, is needed to better characterize 
the h k  between total fluoride intake 
and dental fluorosis in both the pri- 
mary and permanent dentitions. 

In summary, the results of this 
study suggest that primary tooth 
fluorosis is relatively uncommon, but 
that it is most common on the posterior 
teeth, particularly the primary second 
molars, which form at later stages of 
development. That pattern strongly 
suggests that primary tooth fluorosis 
is mostly due to postnatal exposure to 
fluoride. 
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