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Fluoride level in drinking water and prevalence of
dental fluorosis and dental caries among the school
children: A descriptive cross-sectional study
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ABSTRACT

Background: Fluoride is very critical for the normal development and caries resistance of enamel. However, fluoride level above
1 part per million (PPM) will result in enamel hypoplasia. Aim: The study aims to estimate the fluoride level in the drinking
water and the prevalence of dental fluorosis and dental caries among the schoolchildren in Al-Zulfi and Majmaah areas in Riyadh
province of Saudi Arabia. Materials and Methods: Drinking water samples were analyzed from the study area, and screening
camps were conducted for schoolchildren between 7 and 15 years of age, and 157 children were included in the study using simple
random sampling. Written consent from the parents was obtained. The collected data were subjected to statistical analysis using
SPSS version 21. Results: The drinking water sample showed a fluoride level between 0.56 PPM and 0.09 PPM and 39 children
(24.8%) had fluorosis. 9 (23%) of them had fluorosis in primary dentition and 30 in permanent dentition (76.9%). A mean of total
number of caries in permanent teeth is 1.87 and 2.35 in primary teeth. Conclusion: The drinking water in the study area had
fluoride below the optimal level with an increased prevalence of dental caries. However, the presence of dental fluorosis could be
attributed to other sources of dietary fluorides. This research highlights the necessity for maintaining optimum level of fluoride

in drinking water and monitoring fluoride intake from other dietary sources.
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INTRODUCTION

Dental caries are being a major public health problem in
most of the developing countries, affecting 60-90% of the
schoolchildren.[*? Fluoride is considered as an important
resource for the control of dental caries. Up to 1 part per million
by weight (PPM), it is beneficial as it converts the hydroxylapatite
crystals of enamel into fluorapatite, which are stronger and resist
acid demineralization. The critical pH of hydroxyl appetite is 5.5
and for the fluorapatite is below 4 and therefore effectively resists
caries formation.** Numerous dental public health researchers
have concluded that fluoride is a double-edged weapon and
the effect of this element on the dentition is dose-dependent.”!
Above certain levels, fluoride exposure produces visible changes
in dental structure, mainly in enamel. This condition is known as
dental fluorosis. It is important to emphasize that dental fluorosis
is expected to occur only in case of excessive and prolonged
fluoride ingestion during the period of dental development,
i.e,, during amelogenesis®®* clinically, dental fluorosis appears
in different forms, depending on the fluoride dose, duration of
exposure, and the stage of tooth development. Post-eruptive
enamel staining is an important aspect to be considered because
itis notadirect result on amelogenesis influenced by fluoride, but
it is rather of exogenous origin, after tooth eruption.l®

The purpose of the present study was to assess the fluoride level
in drinking water and prevalence of dental fluorosis and dental
caries among the schoolchildren in Al-Zulfi and Majmaah, in
Saudi Arabia.

MATERIALS AND METHODS

A descriptive cross-sectional study design is used and participants
were included using a simple random sampling. A dental team
comprising students and faculty from College of Dentistry,
Majmaah University, Kingdom of Saudi Arabia, collected the
samples of drinking water from various drinking water sources
from Al-Zulfi and Majmaah. The samples were analyzed in
General Directorate of water, Zulfi branch, by diluting the water
samples with equal quantities of Total lonic Strength Adjustment
Buffer and the fluoride ion concentration was determined using
a combination fluoride-ion-selective electrode and by reading
a digital read out ion-meter. Meanwhile, screening camps for
schoolchildren aging between 7 and 15 years old in Al-Zulfi and
Majmaah were conducted to establish the prevalence of dental
fluorosis and dental caries in both primary and permanent
dentitions. A pro forma has been designed for recording history
regarding drinking water and intraoral clinical findings. The
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collected data were subjected to statistical analysis using SPSS
version 21; an independent sample t-test was done to compare
the prevalence of dental caries in primary and permanent teeth
between those children with fluorosis against those without
fluorosis.

RESULTS

Atotal of 157 students were included in this study and the mean
age was 10.98, with a minimum of 7 years old and maximum of
15years old (Table 1). The estimation of fluoride level in drinking
water in Al-Zulfi and Majmaah areas in Riyadh province of Saudi
Arabia revealed 0.56 PPM in Al-Zulfi East as highest and 0.09
PPM in Majmaah East and Al-Zulfi North as lowest values in our
study (Graph 1).

Inference: Fluoride level in drinking water of different places in
Majmaah and Al-Zulfi appears to be below normal level. Highest
of 0.56 ppm in Al-Zulfi East and lowest of 0.09 ppm in Majmaah
East and Al-Zulfi North were seen.

Out of 157 students, only 39 (24.8%) were found to be affected
with fluorosis. Out of 39 students, 9 (23%) of them have fluorosis
in primary dentition and 30 had in permanent dentition (76.9%)
(Table 2). Amean of a total number of carious permanent teeth for
157 students is 1.87 (Table 3). Mean of a total number of carious
primary teeth for 157 students is 2.35 (Table 4).

Regarding the caries distribution among specific primary teeth,
itappears thatall the second molars are most commonly affected
and incisors were least affected (Graph 2).

Caries distribution among specific permanent molar reveals that
46 is the most commonly affected teeth (Graph 3).

An independent sample t-test was calculated comparing the
averages caries in permanent teeth between those children
with fluorosis against those without fluorosis. No significant
difference was found (t [2] =0.934, P > 0.05). The mean
number of caries in those children with fluorosis (m = 2.13,
sd = +1.809) was not significantly different from the mean

Table 1: Age distribution within the 157 subjects

Descriptive statistics

Age N Minimum Maximum Mean SD
Age in completed 157 7.00 15.00 10.9873 1.37742
years

Inference: The mean age of 157 students is about 10.98, with minimum of 7 years old
and maximum of 15 years old. SD: Standard deviation

Table 2: Fluorosis prevalence

Fluorosis status Frequency (%)

Present 39 (24.8)
Absent 118 (75.2)
Total 157 (100.0)

Inference: Out of 157 students, only 39 (24.8%) were found to be affected with
fluorosis. Out of 39 students, g of them have fluorosis in primary dentition and 30
had in permanent dentition

Table 3: Mean and standard deviation of total
number of carious permanent teeth

Descriptive statistics

N Sum Mean SD

Total number of carious permanent teeth 157 294 1.87 2.025

Carious permanent teeth

SD: Standard deviation. Inference: Mean of total number of carious permanent teeth
for 157 students is 1.87

Fluoride Level
(0.7 - 1.2 PPM)
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Graph 1: Level of fluoride in drinking water.
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Graph 2: Caries distribution among specific primary teeth. Inference: Caries distribution among specific primary teeth appears to be more in all

the second molars and lesser in incisors
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Graph 3: Caries distribution among specific permanent molar teeth. Inference: Caries distribution among specific permanent molar reveals that

46 is the most commonly affected teeth.

Table 4: Mean and standard deviation of total
number of carious primary teeth
descriptive statistics

Descriptive statistics

N Sum Mean SD
Total number of carious permanent teeth 157 369.00 2.3503 2.48809

Carious permanent teeth

SD: Standard deviation. Inference: Mean of total number of carious primary teeth
for 157 students is 2.35

number of caries for children without fluorosis (m = 1.78, sd
= +2.097) (Table 5).

An independent sample t-test was calculated comparing the
average primary carious teeth between those children with
fluorosis against those without fluorosis. No significant difference
was found (t [2] = -0.256, P > 0.05). The mean number of caries
in those children with fluorosis (m =2.25, sd = +2.279) was not
significantly different from the mean number of caries for children
without fluorosis (m = 2.3761, sd = +2.572) (Table 6).

DISCUSSION

Fluoride inhibits dental caries by interfering with the process of
demineralization of teeth. Fluoride decreases the loss of tooth

minerals when it is present in the oral cavity in optimum and
constant concentration; it consequently decreases the rate of
caries progression in the population.”! However, when excess
fluoride is ingested during enamel mineralization, dental fluorosis
occurs.®! Thus, an optimum concentration of fluoride in drinking
water is necessary to be effective and to achieve caries control
with a minimum risk of fluorosis.”!

In our study, the mean concentration of fluoride from 11
regions of Majmaah and Al-Zulfi, Saudi Arabia, was found to
be ranging from 0.09 ppm to 0.56 ppm F which is less when
compared to a study done in Riyadh, Saudi Arabia, which
reported 0.79 = 0.09 mg/L with a range from 0.5 to 0.83 mg/L.
and this concentration is also below the optimum level required
to prevent dental caries.'”) The American Dental Association
recommends a range of 0.7-1.2 PPM of fluoride in community
water supplies to protect against tooth decay.'y! A study done
in the central region of Saudi Arabia showed that the fluoride
levels varied between 0.00 and 6.20 ppm. The highest level of
6.20 ppm was recorded at Al-Madnab (Qassim region), while
there was virtually no fluoride in the drinking water in Darul
Baida (Riyadh region). However, due to the larger amount of
water consumption, recommended level of fluoride in the water
for warm countries like Saudi Arabia should be in the range of
0.6-0.8 ppm compared to the temperate countries.?
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Table 5: Comparison of the average caries in permanent teeth between those children with fluorosis

against those without fluorosis

Independent samples test

(two-tailed) difference difference

Df Significant Mean

Standard error 95% confidence
interval of the
difference

Lower Upper

Group statistics T
Fluorosis N Mean SD Standard

status error mean

Total number

of carious

permanent teeth

Present 39 2.13  1.809 0.290 0.934 154
Absent 118 178  2.097 0.194

0.351% 0.350 0.375

-0.391 1.092

SD: Standard deviation

Table 6: Comparison of the average caries in deciduous teeth between those children with fluorosis

against those without fluorosis

Independent samples test

Group statistics T

Standard
error mean

Fluorosis status N Mean SD

Df Significant Mean

Standard 95% confidence
(two-tailed) difference error
difference difference

interval of the

Lower Upper

Total number of carious
primary teeth

Present 39
Absent

0.36500
0.23780

2.2564 2.27940
118 2.3761 2.57215

-0.259 154

0.796* -0.11966 0.46282 -1.03396 0.79464

SD: Standard deviation

The prevalence of fluorosis observed in the present study is
24.8%, but the mean fluoride concentration is 0.30 ppm F which
is far below the optimum level required to cause dental fluorosis.
This higher prevalence of dental fluorosis could be from the intake
of fluoride from other dietary sources such as milk, toothpastes,
and chewing gums. These fluoride vehicles are effective and safe
when used with care; hence, special attention must be given
especially to young children, who can swallow fluoride from
these products. In this sense, close monitoring of all the other
sources of fluoride intake at regular intervals is very important.
A study done in the UK among 6-7 years old children to assess
the various dietary sources for fluoride intake and concluded
fruit juices, cordials, cooked rice, pasta, vegetables and bread,
and carbonated soft drinks were the most important contributors
to dietary fluoride intake.['! Apart from fluoride other possible
cause for these hypoplastic enamel defects in teeth of children
includes occurrence of infectious diseases such as chickenpox,
measles, asthma, mumps, scarlet fever, and pneumonia during
the mineralization phase of tooth development.[*#1¢]

In the present study, out of 157 students, only 39 (24.8%) were
found to be affected with fluorosis. Out of 39 students, 9 (23%) of
them have fluorosis in primary dentition and 30 had in permanent
dentition (76.9%), our findings correlates with a similar study
from Gujarat, India, showed 20-33% of dental fluorosis in patients
from area of high fluoride content in water and the permanent
dentition shows more fluorosis changes than deciduous
dentition.'” Similar range of 33% prevalence of dental fluorosis
was reported from schoolchildren in Dammam, Saudi Arabia.!*®!

Whereas a study on the prevalence of fluorosis in primary teeth
in the US showed 11.1% of incidence and 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.l'! In a study
conducted by Stiefel et al. in low drinking water F area (0.3 ppm),
the highest values of F in the outer most surface of the permanent
teeth enamel were (300 and 600 pg F/g of ash), but in the deep
layers, the F content was only 20-30 ug F/g of ash. Their results
showed lower concentrations of F in deciduous teeth.?"!

In our study, mean of a total number of carious permanent
teeth for 157 students is 1.87 and the mean of a total number of
carious primary teeth for 157 students is 2.35. In a study done
in Brazil, among 12-year-old schoolchildren, the DMFT and SiC
indices (Significant Caries Index) were 0.85 * 1.54 and 2.52 *
1.72. Fluorosis prevalence was 29.42%.1" In the present study,
among the permanent teeth, mandibular molars are commonly
affected with dental caries. The overall high prevalence of dental
caries could be attributed to low level of fluoride in drinking
water. A study from Nalgonda district of Andhra Pradesh, India
(endemic fluoride belt), showed that the average prevalence of
dental caries among children was 56.3% with the highestin below
optimal fluoride area (71.3%) and lowest in optimal fluoride
area (24.3%).12%

The American Academy of Pediatric Dentistry recommends
to consider fluoride supplements for all children consuming
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fluoride-deficient (<0.6 ppm) water. The daily fluoride
supplement dosage can be assessed using the dietary fluoride
supplementation schedule. It can be formulated by determining
the fluoride level of water supply through public health officials
and evaluating other dietary sources of fluoride and assessing
the risk of caries in children.?2*

CONCLUSION

The recommended level of fluoride in water for warm countries
like Saudi Arabia should be 0.6-0.8 ppm slightly lesser than the
normal recommended level, due to the larger amount of water
consumption in the hot climate compared to the moderate or cool
temperate countries. Despite the low level of fluoride in drinking
water, some of the children are affected by fluorosis in primary or
permanent dentition. The cause of such condition may be due to
the other sources such as fluoridate toothpaste, milk, bread, and
chewing gum. Further studies have to be carried outin large scale
by taking all fluoridated products into account to set a normal
level of fluoride consumption in Saudi Arabia to prevent dental
caries and fluorosis.
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