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A b s t r ac t
Aim: The aim of this study was to evaluate eruption pattern and occurrence of caries in children affected with fluorosis.
Materials and methods: One hundred and fifty subjects (75 each with/without fluorosis) with age group of 7–8 years were selected. Dental fluorosis
assessed on the buccal surfaces of the permanent incisors and molars and scored using the Thylstrup and Fejerskov index. The tooth were scored as
emerged when at least one cusp of the tooth was visible in the mouth. Caries attack rate in primary and permanent teeth were estimated using DMFS
and defs index in fluorosis patient. The findings were subjected to statistical analysis. The data were analyzed using Student “t” test and ANOVA “F” test.
Results: There was statistically highly significant difference found in the incidence of occlusal, mesioproximal, and distoproximal caries between
fluorotic and nonfluorotic patients (p < 0.001). The result of present study showed a nonsignificant association between fluoride exposure
parameter and median emergence ages of permanent incisors and molar teeth. On the other hand, caries occurrence shows a significant
association with fluorosis.
Conclusion: In this study, a significant positive correlation exists in the prevalence of caries and fluorosis. It is concluded that occlusal and
proximal caries are less pronounced in fluorosis patients.
Clinical significance: Dental caries is a public health problem. In this study, we study the fluoride effect since the predominant cariostatic effect
of fluoride is beneficial in extensive caries reduction without a concomitant risk of dental fluorosis.
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Introduction
It is believed that children who have been exposed to fluoridecontaining communal water are less prone to dental caries in
comparison to those who have always lived in areas where the
community water is fluoride free. This fact led to the hypothesis
that blood-borne fluoride deposited in enamel during calcification
was primarily responsible for caries-inhibitory effect and that the
period of fluoride exposure essential to the inhibition of dental
caries was that from birth to the age of 8 years.
Acceleration or retardation of permanent teeth eruption is a
matter of interest to both anthropologists and those concerned
with growth and development.
Since dentistry has widened its horizon towards many specific
fields, the rationalization of eruption timings of permanent teeth
need to be established for diagnosis, orthodontic treatment
planning, and may have legal as well as forensic application. Timing
of permanent teeth emergence can be modified by a variety of
factors such as carious condition, fluoride, socioeconomic status,
systemic diseases, trauma, genetics, nutrition, and craniofacial
morphology.
Although there are numerous studies about the effects of
fluoride on progress of dental caries, little information is available
concerning the possible effects of fluoride on process of tooth
eruption.
Various observations have been made indicating an apparent
delay in tooth eruption in the individuals living in areas of endemic
dental fluorosis; other investigators have failed to confirm these
findings. It has also been reported that a high concentration of
fluoride substantially reduced the rate of eruption of teeth.1
The aim of this study was to evaluate and compare eruption
pattern and occurrence of caries among the children affected with
fluorosis and without fluorosis.
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M at e r ia l s

and

Methods

Prior permission was obtained from the school (Saskiya Prathmik
Vidyalaya, Nainod, Indore, Madhya Pradesh) authorities for the
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examination of subjects. A total of 150 children (75 with fluorosis and
75 without fluorosis) in the age group of 7–8 years were randomly
selected through cluster sampling (i.e., school) using following
inclusion and exclusion criteria.

Inclusion Criteria
•
•
•

Children with 7–8 years age group
Subjects who were physically healthy
Subjects who were mentally healthy

Exclusion Criteria
•
•
•

Children below or above 7–8 years of age
Children with a history of chronic infectious disease, chronic
fever, as well as nutritional and endocrine disturbances
Children with developmental disturbances.

Among group I (75 subjects with fluorosis), 44 were male and
31 were female, while in group II (75 subjects without fluorosis)
40 were male and 35 were female, respectively. The children were
informed briefly about the procedure involved. Further an informed
consent was taken from parents for all children and proformas were
designed. The ages of the children were recorded as age at last
birthday and were confirmed from school records.
Mouth mirror and probe with natural light was used for
examination. Two examiners were involved in the study. As there
is a lack of data on the amount of fluoride (approx. 0.8–1.1 mg/L)
in drinking water of communities, the assessment of fluorosis was
based on the clinical signs of fluorosis on permanent teeth. It was
reported that Saskiya Prathmik Vidyalaya, Nainod area was endemic
for fluorosis. Dental fluorosis was assessed on the labial/buccal
surfaces of fully erupted upper and lower incisors and first molars
and scoring was done using the Thylstrup and Fejerskov index (TFI).
A child was assigned fluorosis-positive when fluorosis was recorded
on at least 2 of the index teeth.
Index tooth were recorded as “emerged” if atleast one cusp
was visible in the mouth. Caries attack rate was estimated on all
the erupted teeth using DMFS/defs index with the help of mouth
mirror and probe.
The mean number of erupted incisors and molars according to
grade of TFI among subjects with fluorosis was calculated by ANOVA
“F” test. Mean number of erupted central incisor and molar teeth
according to age among subjects without fluorosis calculated by
Student “t” test. Comparison of a mean number of erupted incisor
and molar teeth according to age among subjects with fluorosis
without fluorosis calculated by Student “t” test. The mean number
of decayed tooth surface among subjects with or without fluorosis
calculated by Student “t” test. The mean number of decayed tooth
surface according to grade of TFI among subjects with fluorosis
was calculated by ANOVA “F” test and the Pearson’s correlation of
TFI for fluorosis with mean number of decayed surface on molar
and incisor was done.

R e s u lts
In the study, conducted 84 boys and 66 girls participated. Among
group I out of 75 subjects, 44 (52.4%) were male and 31 (47.0%) were
females, while among group II out of 75 subjects, 40 (47.6%) were
male and females were 35 (53.0%). Figure 1 reveals no significant
difference in the distribution of study subjects according to gender
and fluorosis (p = 0.511).
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Fig. 1: Demographic distribution of study subjects according to gender
and fluorosis

The association between any fluoride exposure parameter and
median emergence ages of permanent incisors and molar teeth
was minimal and not significant (Fig. 2). It reveals a mean number
of erupted incisor and molar teeth according to the grade of TFI
among subjects with fluorosis. Among score 1 subjects, the mean
numbers of molar and incisor teeth were less, i.e., 3.60 ± 1.17 and
4.91 ± 2.66. As TFI score is increasing, the mean number of erupting
teeth is also increasing. There was no significant difference in the
distribution of mean number of incisor and molar teeth according
to grade of TFI (p = 0.492 and p = 0.170). The difference between
emergence patterns of permanent incisors and molars among
subjects with and without fluorosis were not statistically significant
(Fig. 3). Figure 4 presents data on caries experience among subjects
with and without fluorosis. Mean number of decayed surface
were comparatively less among group I subjects with fluorosis,
it indicates that fluoride reduces the incidence of dental caries.
Mostly occlusal, mesioproximal (MP) and distoproximal (DP)
surfaces are involved. Lingual surface was almost not involved.
Mean occlusal caries was 0.67 ± 1.02 and 1.40 ± 1.52 among group I
and II, respectively. A highly significant difference was found in
incidence of occlusal, MP, and DP caries between group I and II
(p < 0.001).
Figure 5 presents data on caries experience according to grade
of TFI among subjects with fluorosis. Among patients with TFI
score 1 and 3, decayed tooth surface was comparatively less when
compared to a higher TFI score. Among patients with TFI score 1, it
was 1.02 ± 1.43 and among TFI score 5, it was highest 2.00 ± 2.82.
There was statistical no significant difference in the distribution of
mean number of decayed surface according to grade of TFI.
Figure 6 shows that TFI is having a positive weak but not
significant correlation with a mean number of caries surface, incisor,
and molar eruption. Positive correlation indicates that as TFI score
is increasing, the mean number of caries surface, erupted molar,
and incisor teeth were also increasing (p > 0.05).

Discussion
Dental fluorosis is a diffuse hypomineralization disorder of
ameloblasts that occurs with exposure to fluoride in developing
enamel.2
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Fig. 2: Mean number of erupted incisor and molars according to grade
of TFI among subjects with fluorosis

Fig. 3: Mean number of erupted incisor and molars among subjects
with or without fluorosis

Fig. 4: Mean number of decayed tooth surface among subjects with
or without fluorosis

Fig. 5: Mean number of decayed tooth surface according to grade of
TFI among subjects with fluorosis

Dental Enamel: Structure and Chemistry

Fig. 6: Pearsons’s correlation of Thylstrup and Fejerskov index for
fluorosis (TFI) with a mean number of decayed surface, molar, and
incisor teeth

Enamel consists of approx. 95% of hydroxyapatite crystals,
arranged in bundles of enamel prisms extending from dentin
to the enamel surface. Crystals can incorporate extraneous ions
from the surrounding environment, which substitutes for calcium,
phosphate, and hydroxyl groups (Fig. 7). Fluoride can replace the
hydroxyl ion. However, because of its high electronegativity and
symmetrical charge distribution, instead of destabilizing the crystal,
this results in a more stable crystal2(Figs 8 to 10).
At low concentrations (<1.0 mg/L), drinking water fluoride
has positive effects on teeth such as anticaries effect. However,
too much fluoride (higher than 1.5–2 mg/L) ingested for longer
durations can cause dental fluorosis. 3
Ameloblasts are very sensitive to fluoride during tooth
development (Table 1). The low concentration fluoride (2 ppm)
affects the appearance of the tooth. At high concentration, the
tooth surface shows hypoplastic corrugations, as the tooth structure
got altered. These changes are produced by ingestion of excessive
fluoride during the period of tooth formation and calcification
(during the first eight years of life).
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Fig. 7: Unit cell of hydroxyapatite showing central hydroxyl ion
surrounded by triangles of calcium and phosphate, the whole
surrounded by a hexagon of calcium ions

Fig. 8: Unit cell of hydroxyapatite showing central hydroxyl ion replaced
by fluoride ion

Fig. 9: Hydroxyapatite crystal showing the location of hydroxyl column with hydrogen bonding between hydroxyl ions

Fig. 10: Hydroxyapatite crystal showing replacement of one hydroxyl by a fluoride ion. The sense of the hydroxyl ions has changed with strong
hydrogen bonds between fluoride and hydroxyl hydrogen atoms
Table 1: Showing clinical features of Fluorosis and pathogenic pathway followed by fluoride
Clinical features of dental fluorosis
Teeth with dental fluorosis can resemble chalky white color owing to
reduced light refractivity because enamel prisms become defective
Feature of dental fluorosis are: Cloudy striated enamel, snow- capping,
yellowish-brown spots/brown pits seen on teeth
In the severe form, fluorosed enamel is brittle and prone to fracture
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Pathogenic pathways followed by fluoride, affects the enamel
formation (Fejerskov et al.)
Effect on ameloblasts
Effect on nucleation and crystal growth in all stages of enamel
formation
Effect on calcium homeostasis generally with dental fluorosis as
an indirect result
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Figs 11A and B: (A) Proposed morphology of molars formed in the absence of fluoridated water; (B) Proposed morphology of molars formed in
the presence of fluoridated water

Fluorosis mainly affects the permanent dentition and at a very
high concentration of fluoride (>10 ppm) in drinking water, can cross
the placental barrier and affect primary dentition also.2
The finding of present study could not demonstrate the effect
of fluorosis on timing of emergence of permanent teeth. Day, and
Carlos et al. concluded that high fluoride concentrations in the
drinking water provide more caries protection.4,5 
Ainsworth concluded that children living in area with high
fluoride concentrations in the drinking water experienced delayed
emergence of permanent teeth.19Moller found that higher fluoride
concentration result in lower caries prevalence in deciduous teeth
and teeth would retain until the time of physiological shedding.4,6 ,7 
Findings of this study consistent with some other studies stating
that increase fluoride concentration reduces the caries attack rate
suggesting the fluoride has a cariostatic effect by:
•

Effect on tooth morphology
Proponents of the systemic benefits of fluoride therapies claim
that the morphology of the molars is affected by fluoride to such an
extent as to render the occlusal surfaces more resistant to bacterial
invasion and demineralization (Fig. 11).8The size and shape of a
tooth is not preserved until mineralization of the hard tissues occurs.
According to Cooper and Ludwig, the differences in shape and
size could be due to the physical properties of fluorapatite.
The differences in the dimensions of the teeth observed align
more closely with a model for tooth morphogenesis proposed by
Osborn, where physical forces are considered to be the determinant
of crown form, rather than genes, as proposed in gene-based
models (Jernvall et al., Salazar-Ciudad and Jernvall).9
According to Osborn, there exists an imbalance between an
action component of force (acting on, or in, the inner enamel
epithelium) and resistance offered by the proteoglycan-rich stellate
reticulum.10
According to Groeneveld, in surfaces with high caries
susceptibility, e.g., pits and fissures, the greater part of the reduction
is derived from pre-eruptive fluoride, while in surfaces with a low
susceptibility, i.e., smooth surfaces, post-eruptive fluoride is more
significant.11
•
•

Effect on reducing solubility of tooth mineral by formation of
more acid resistant apatite.12
May bind to enamel proteins and increases their affinity for
calcium.13

Proximal caries are less due to stagnation of fluoride into the
proximal areas, which is not removed in later stages.14
Some investigations demonstrate the relationship between
trace amounts of fluoride in community water supplies, the

prevalence of mottled enamel, and a reduction in dental caries
experience. The range of fluoride concentration most effective
in preventing dental caries was established at approximately
1.0–1.5 ppm, well below the critical point in the causation of
mottled enamel. Because of several climatological influences
(extremely high temperature and humidity), children drink
more water than children living in more temperate climates. As
a result, there is increased ingestion of fluoride in relation to the
concentration found in the water supply, which is a major factor
contributing to the increased severity of endemic fluorosis.15 From
infancy these children have consumed a lot of locally grown tea,
which is a rich source of fluoride. High sweat loss and high water
intake resulted in high serum F levels, which also contributed to
dental fluorosis.16Few authors stated that concentrations higher
than optimal levels of fluoride in the drinking water provide more
caries protection.3,17,18
If the concentration of fluoride is too high, additional caries
protection may get diminished. Few authors found decline in caries
with increases in water fluoride levels between 0 and 0.7 ppm, with
little additional decline between 0.7 and 1.2 ppm and at 0.7, there
was a suitable tradeoff between caries and fluorosis.17,19
According to Williams, severely fluorosed enamel has large and
irregular spaces between enamel prisms so that bacteria and acid
can quickly diffuse into these spaces.20

L imi tat i o n
Fluorosis develops in an individual during early infancy, at the time
of calcification of teeth. The fluoride content of the water that was
consumed during that period is of critical importance, but cannot be
measured now. Only school children were selected for the present
study because most of them could be available for investigation
during working hours; so school drop-outs were excluded from
our sample.

C o n c lu s i o n
Dental fluorosis does not prevent caries however it controls the
rate of its progression. According to this study, there exists a
significant positive correlation in prevalence of caries and fluorosis,
even though occlusal and proximal caries are less pronounced in
fluorosis patients. Irregularities in tooth surface due to severe dental
fluorosis can act as a game changer in caries progression. However,
the severity of fluorosis was not related with caries occurrence.
Fluorosis has no significant effect on eruption rates of permanent
incisors and molars. Effect of fluoride in caries prevention can be
altered by many factors such as climate, temperature, pH, consumed
foods, availability, and solubility of fluoride minerals.
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Clinical Significance
This study significantly help us to find out the relationship
between fluoride and caries occurrence and suggests that
fluorosis does not have a significant effect on the process of
teeth eruption.
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