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Abstract

Background: Developmental defects of enamel (DDEs) and dental caries are two prevalent dental conditions that may have major
negative impacts on children’s quality of life. Fluoride, especially the level of fluoride in water, can influence the occurrence of both
dental caries and DDEs. However, data on the extent of this influence on Iranian children has not been explored.
Objectives: The aim of this study was to compare DDEs and dental caries in three areas with different levels of fluoride in water
among 9-year-old children of the Fars Province, Iran, in order to provide data for oral health preventive programs.
Methods: A cross-sectional study was conducted on 400 9-year-old children residing in areas with high, optimal and low levels
of fluoride in water of the Fars Province, Iran. Cases with DDE were diagnosed on the standardized one view photographs of the
anterior teeth using the modified DDE index. DMFT index was used to evaluate dental caries. The prevalence of children with DDE
and dental caries, the mean number of teeth with DDE, and mean DMFT were compared among the three areas by binary logistic
and Poisson regressions after adjustment for sex. SPSS software version 22 was used to analyze the data. The significance level was
set at α = 0.05.
Results: The overall prevalence of DDE was 59.9% with the mean number of teeth with DDE of 1.59 ± 1.97. The most prevalent type
of DDE in all three areas was diffuse opacities (35.5%). The overall prevalence of children with dental caries in permanent teeth was
25.6% with the mean DMFT of 0.67 ± 1.187. The percentage of children with untreated caries in permanent dentition was 73.98%. It
was found that 24.3% of permanent first molars were affected by caries. The higher level of fluoride was significantly associated with
more DDEs and less DMFT.
Conclusions: When planning for oral health care services, it should be noticed that a considerable number of Iranian children in
the Fars Province are affected by dental caries and DDEs, which their occurrences have been affected by the level of fluoride in water.
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1. Background

Oral health is an important element of health. Oral dis-
eases are serious public health problems and, despite di-
rect effect on a small part of body, their consequences in-
volve the entire body and may present serious impacts on
a person’s life (1). Poor oral health can have detrimental ef-
fects on physical and psychological wellbeing (1). Develop-
mental defects of enamel (DDE) and dental caries are two
highly prevalent dental diseases that both have significant
impacts on people’s life, especially children (1-3).

Tooth formation is a sensitive procedure and can be
easily deteriorated or disturbed by genetic, systemic or lo-
cal factors (4). This kind of disturbance may affect the
shape, size or structure of a part or the entire tooth. If the
enamel is involved and affected, the resulting abnormal-
ity can be seen on the surface of the tooth as a DDE. Devel-
opmental defects of enamel can be considered as perma-

nent pathologic features affecting both primary and per-
manent dentition. DDEs could be quantitative (hypoplas-
tic) or qualitative (hypomineralized/hypocalcified) (5). De-
velopmental defects of enamel may be caused by either
hereditary or acquired adverse conditions. The acquired
causes of DDEs may be either local or systemic conditions
that occur during the period of tooth development (4).

Developmental defects of enamel can have a signifi-
cant effect on esthetic, tooth sensitivity, tooth wear, and
dentofacial abnormalities (2) and have a negative impact
on the children’s daily performance (3). DDEs have, by
some authors, been regarded as the main risk factors for
dental caries although its nature has not been identified
and its cause is not clear (4).

Dental caries is a mulifactorial disease through inter-
action between the tooth surface, microbial dental plaque
and sugar (6). Tooth decay, a significant global public
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health concern, is the most worldwide chronic disease and
the most common disease during childhood and it affects
all ages (1). Untreated permanent teeth can result in fre-
quent tooth pain, and difficulty in eating and sleeping,
can affect child growth, and is also a main reason of ab-
sence from school and work, even in the developed coun-
tries (1). Physical, biological, environmental, behavioral,
and lifestyle-related factors, inadequate salivary flow, in-
sufficient fluoride exposure, poor oral hygiene, inappro-
priate methods of feeding infants, and poverty are all con-
sidered as risk factors for dental caries (7).

The literature review on the prevalence of enamel de-
fects shows a wide range. They range from 4% (8) to 99.6%
(9). A study in 2013 on schoolchildren residing in Granada
(Spain) using the modified DDE index showed a prevalence
of 52% in permanent dentition (10). Another study in 2008,
using the modified DDE index revealed the prevalence of
28% diffuse opacities among 9-year-old children of Auck-
land (11). In 2008, the prevalence of enamel opacities in per-
manent teeth of 11 - 12-year-old children of Kuala Lumpur,
Malaysia, was reported as 90.7% (12). In a study conducted
in 2010 in Saudi Arabia, a neighboring country to Iran, the
prevalence of DDE among preschool children in Jeddah
was 45.4% (13). According to a study conducted in 2011 on 8
- 10-year old children of Shiraz, Iran, 76.7% of children were
affected by DDEs (14).

Also, the DMFT index (D for decay, M for missing teeth
due to caries only, F for filling, and T for teeth) for perma-
nent teeth (dmft index is used for primary teeth) is the
most commonly used epidemiological index to assess den-
tal caries (15). A study in 2006 showed that the prevalence
of dental caries in 9-year-old schoolchildren in Italy was
60.8% with the mean DMFT value of 0.55% ± 1.09 (16). An-
other study in 2007 on 9-year-old children of Chandigarh,
India, found that the prevalence of dental caries in the
mixed dentition was 92.11% with a mean sum of deft (de-
cayed, extracted, and filled primary teeth) plus DMFT of
4.61± 3.14 (17). In a study conducted in 2015 on 6 - 9 year old
children of Eastern Saudi Arabia, the overall prevalence of
dental caries was 77.8% with the mean dmft value of 3.66±
3.13 (18). In a study conducted in 2010, the mean DMFT value
of 9-year-old children of Mashhad, Iran, was 1.87 ± 1.4 (19).

Fluoride has a significant effect on the reduction
of dental caries. Fluoride affects dental caries pro-
cess through: inhibiting demineralization and accelerat-
ing remineralization, making enamel more resistance to
acidic attack, and having antimicrobial action (20). A re-
cent systematic review of efficacy and safety of fluoridation
has concluded that fluoridation of drinking water is the
most effective means of equal exposure to the caries pre-
vention effects of fluoride in the community (21). The opti-
mal range of fluoride in water is 0.6 - 1.1 ppm, depending on

the climate, in order to reduce both dental caries and the
occurrence of fluorosis (21). Regarding DDE, An adverse re-
lationship has been shown between DDE and the concen-
tration of fluoride in the water (22, 23).

To the best of knowledge of authors, data on the extent
of the influence of the level of fluoride in water on DDEs
and dental caries among Iranian children has not been ex-
plored. This is while the information regarding the differ-
ences in the prevalence of DDEs and dental caries is essen-
tial for the planning for oral health care services, especially
in the current time, in which the Iranian government is in-
vesting on preventive oral measures.

2. Objectives

The aim of this study was to assess the prevalence of
DDEs and dental caries among 9-year-old children of three
areas with different levels of fluoride in water in the Fars
Province, Iran, and to provide data for oral health preven-
tive programs.

3. Methods

This cross-sectional study was conducted on 400 9-
year-old children of three towns of the Fars province, Iran,
with high fluoride in water (Gerash with 2.12 - 2.85 ppm),
optimal level of fluoride (Shiraz with 0.62 - 1.22 ppm), and
low fluoride in water (Sepidan with 0.24 - 0.29 ppm). Eth-
ical permission was obtained from the ethical committee
of Shiraz University of Medical Sciences (SUMS) and the ed-
ucational head office of the Fars province. Written consent
forms were sent to the parents of the selected children in
order to explain the objectives of the study and obtain their
consents. Cases with DDE were diagnosed by the modified
DDE index (24) and dental caries were assessed by the DMFT
index (25).

The sample size was calculated based on the estimated
prevalence of DMFT and fluorosis in Iran (prevalence of
DDE was not available). Sample size using the prevalence
of fluorosis (61%) was adopted as a greater number was
achieved. considering d = 6.1% (10% expected prevalence)
and α = 0.05, the calculated sample size was 246. With
an estimated response rate of 80%, a total of around 300,
100 from each area, was needed, if simple randomization
was used. The selection of children in Gerash and Sepi-
dan (with high and low fluoride levels) was performed by
simple randomized sampling. However, in Shiraz (an area
with optimum fluoride level), the simple randomization
was not possible as it was a large city. Therefore, a strati-
fied randomization method was conducted. This method
was performed using the four different educational zones,
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list of primary schools, and list of children inside each se-
lected school. The number of sample size in Shiraz was
multiplied by 2 (k = 2) to increase the accuracy as a strati-
fied sampling method was used. Therefore, 100 9-year-old
schoolchildren of Gerash, 100 from Sepidan and 200 from
Shiraz were selected from lists of students.

Children aged between 9 years and zero months to 9
years and 11 months were included. Children who had lived
more than six months (from birth to 5 years of age) in other
towns with different concentration of fluoride in water,
children with less than 7 permanent incisor teeth present
in their mouth or less than 50% of their incisor crowns
erupted, children with orthodontic brackets, overlapped
teeth, large filling or severe extrinsic stains on their teeth,
and children whose parents did not provide consent were
excluded from the study.

The examination was carried out using headlight, dis-
posable mirror and tongue blade with children seated on
a chair. A chart to record DMFT and dmft of the permanent
and primary dentition based on recommendation of WHO
for screening studies (26) was filled.

A one-view photograph was taken from anterior part
of dentition of selected children using a digital camera
(Nikon D7100, AF-S VR Micro-Nikkor 105 mm f/ 2.8 G IF-ED).
Methods described by Wong et al. were used for photog-
raphy (26). The camera was focused on the center of four
central incisors while they were closed edge to edge. These
photographs were used to assess DDEs. To prevent from
bias due to the awareness of the rate of fluoride in the
area, the photographs were randomly ordered and shown
to a calibrated dentist who was blind to the clinical con-
dition and place of residence of the subjects. The modi-
fied DDE index is a descriptive index, created specifically
for epidemiological studies based on their macroscopic ap-
pearance (24). The modified DDE index divides the defects
to three main types: demarcated opacities, diffuse opaci-
ties and hypoplasia and there are codes 0 to 9 for the type
of defects (0 for normal, 1 and 2 for white/cream and yel-
low/brown demarcated opacities, 3 to 6 for diffuse opac-
ities as lines, patchy, confluent, and confluent/patchy +
staining + loss of enamel, 7 and 8 for hypoplasia as pits and
areas of missing enamel, and 9 for any other defect). There
are also codes 0 to 3 for the extension of the defect on the
teeth (0 = Normal, 1 = less than 1/3 of tooth surface, 2 = be-
tween 1/3 and 2/3, and 3 = more than 2/3 of tooth).

The SPSS software version 22 was used for data analy-
sis. Findings on the DMFT and the modified DDE indices
were presented descriptively and were compared among
the three areas using binary logistic regression and Pois-
son regression after adjustment for child’s sex. The signifi-
cance level was set at α = 0.05.

4. Results

A total of 367 9-year-old children were included in the
final analysis: 171 (46%) girls and 196 (53%) boys. The final
numbers of samples were 88, 189, and 90 in Gerash (high
fluoride), Shiraz (optimal fluoride) and Sepidan (low fluo-
ride), respectively.

The overall prevalence of DDE was 59.9%. The most
prevalent type of DDE in all three areas was diffuse opaci-
ties, with an overall 35.5% of children affected. The most af-
fected teeth were upper central incisors. The percentages
of DDEs in areas with high, optimal, and low levels of flu-
oride in water were 79.5%, 57.1% and 39%, respectively (P <
0.001) showing a significant positive relationship between
the level of fluoride in water and the percentage of chil-
dren with DDEs (Table 1). The overall mean number of teeth
with DDE was 1.59 ± 1.97. There was also a significant de-
crease in average number of teeth with DDEs from areas
with high to low range of fluoride in water (Table 1). There
was neither a significant relationship between children’s
sex and number of children with DDE (P = 0.849) nor be-
tween sex and mean number of teeth with DDE per child
(P = 0.455).

Table 1. The Prevalence of Children With DDE and Mean Number of Teeth With DDE
per Child Among Three Areas With Low, Optimal, and High Levels of Fluoride in Wa-
ter

Area Number of
Included
Children

Number of
Children With

DDE, %

Mean Number
of Teeth With
DDE per Child

High fluoride 88 69 (78.4) 2.39 ± 2.32

Optimal
fluoride

189 109 (57.7) 1.43 ± 1.91

Low fluoride 90 40 (44.4) 1.02 ± 1.39

Total 367 218 (59.4) 1.59 ± 1.97

P value optimal/high 0.001a < 0.001b

P value low/high < 0.001a < 0.001b

Abbreviation: DDE, developmental defects of enamel.
aBinary logistic regression. Sex P value = 0.849.
bPoisson count regression. Sex P value = 0.455.

The overall prevalence of children with DMFT > 0 was
30.2%, with the mean DMFT of 0.67± 1.19. It was found that
24.3% of permanent first molars were affected by caries
while only 4.9% of them were filled. The overall percentage
of children with untreated dental caries in their perma-
nent teeth was 25.6% and about three-fourth of the DMFT
value was related to untreated dental caries (D). The preva-
lence rates of children with DMFT > 0 residing in areas
with high, optimal and low ranges of fluoride in water
were 13.6%, 37.0%, and 32.2% (P < 0.001) with the mean DMFT
values of 0.20 ± 0.590, 0.88 ± 1.349, and 0.68 ± 1.140 (P <
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0.001), respectively (Table 2). There was no significant rela-
tionship between sex and the prevalence of children with
DMFT > 0 or with untreated dental caries; however, the
mean DMFT value was significantly greater in girls than in
boys (P = 0.034).

The overall percentage of children with dmft > 0 (in
primary teeth) was 90.2%. The overall mean dmft was 4.45
± 2.88. The prevalence rates of dmft > 0 in areas with
high, optimal and low levels of fluoride in water were 87.5%,
89.9%, and 93.3% with the mean dmft values of 3.48 ± 2.57,
4.49 ± 2.92, and 5.31 ± 2.81, respectively. The overall preva-
lence of untreated dental caries in primary dentition was
88.3%, which showed that almost all (98%) of children with
dmft > 0 had at least one untreated tooth decay. There was
no significant relationship between dmft-related variables
and fluoride in drinking water.

5. Discussion

The findings of the current study show that the occur-
rence of DDE significantly increased with the increase in
the level of fluoride in water. On the other hand, dental
caries in permanent dentition was only significantly lower
in area with a high fluoride concentration in water, com-
pared with the two other areas. In other words, the in-
crease in the fluoride level from low to optimal did not de-
crease the occurrence of dental caries in permanent teeth.
Also, as explained in the results section, no relationship
was found between the level of fluoride in water and exis-
tence of dental decay in primary dentition of the 9-year-old
children.

The found relationship between DDE and fluoride was
easily predictable, especially as the main type of DDE was
diffuse opacities. That is because dental fluorosis usually
presents itself as diffuse opacities.

An overall negative significant correlation was found
between DMFT and the level of fluoride in water. It was also
expected to find that DMFT would decrease with every in-
crease in fluoride. This was not the case in this study. When
comparing the areas two by two, both the percentage of
children with DMFT > 0 and mean DMFT of children were
increased, although not significantly, from the low fluo-
ride to the optimal fluoride areas. This could mean that ei-
ther fluoride can only affect the occurrence of dental caries
of children in higher concentrations; or other risk factors
had dominated the effects of fluoride. The latter could be
justified as the area with optimal fluoride was a big city
compared to the other two areas that were much smaller
towns.

Findings of the current study show that high amount
of fluoride in water reduces the risk of dental caries but in-
creases the risk of DDEs. The same results were concluded

in a study performed on 9-year-old children in Auckland,
New Zealand (27). They also reported that the main DDE
type, the type that markedly increased in the area with
higher fluoride concentration, was diffuse opacities.

The mean DMFT (0.67) found in the current study was
not in consistent with the mean DMFT (1.87) in children of
the same age in Mashhad, Iran (19). Also, compared to a
study conducted among 7- to 9-year-old children of Tang-
shan, China, in 2015, where the prevalence of caries in the
permanent first molar was 47.49% with the mean DMFT of
1.30± 1.59 (28) or in neighboring country of Iran, Saudi Ara-
bia, which the prevalence of permanent first molar caries
was 64% (29), the prevalence of caries in permanent teeth
in the current study was much lower. However, in compar-
ison with some European countries such as Germany and
Hungary, where the mean DMFT/dmft of 8 - 9 year olds were
reported to be 0.7/3.5 and 0.4/2.3 respectively, the dmft ob-
tained in the current study was higher (30).

The current study showed that almost a quarter of per-
manent first molars were affected by tooth decay and only
4.9% of the permanent first molars had been filled. Consid-
ering the time interval between the appearance of first per-
manent molars in the mouth and examination time, these
figures represent the necessity for urgent actions to tackle
this serious oral disease. However, the main issue observed
in the examined children was the status of untreated cari-
ous teeth. About three-fourth of DMFT value was related to
untreated dental caries, and almost 90% of children had at
least one untreated, left behind, carious primary tooth.

No association was found in the current study between
the level of fluoride and dmft of primary dentition. One
reason could be the fact that fluoride affects dental health
partly during the formation and calcification of teeth. The
crowns of primary teeth are fully formed and mostly calci-
fied during the gestational age period and placenta limits
the amount of fluoride reaching the embryo. On the other
hand, dental caries is multifactorial and several other fac-
tors such as nutrition and socioeconomic status have ef-
fects on caries condition. A more comprehensive study
that considers dmft of primary teeth along with as many
risk factors as known for dental caries is recommended to
better understand the process that fluoride level could, or
could not, affect caries formation in primary dentition.

The inverse association between dental caries in per-
manent teeth and the level of fluoride in water indicates
that children could benefit from community caries preven-
tion programs. However, according to a study conducted
in 54 cities of five provinces in Iran, the general level of flu-
oride is much lower than the recommended level, which
the people, especially the children, could benefit from (31).

The data obtained in the current study are alarming
and should be addressed by oral health policy makers. In-
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Table 2. The Prevalence of Children With Dental Caries in Permanent Teeth and Mean DMFT per Child Among Three Areas With Low, Optimal, and High Levels of Fluoride in
Water

Area Number of Included Children Number of Children With Active Dental
Caries in Permanent Teeth, %

Number of Children With DMFT > 0, % Mean DMFT

High fluoride 88 9 (10.2) 12 (13.6) 0.20 ± 0.59

Optimal fluoride 189 61 (32.3) 70 (37.9) 0.88 ± 1.35

Low fluoride 90 24 (26.7) 29 (32.2) 0.68 ± 1.14

Total 367 94 (25.6) 111 (30.2) 0.67 ± 1.19

P Value optimal/high < 0.001a < 0.001b < 0.001c

P Value low/high 0.006a 0.004b < 0.001c

aBinary logistic regression. Sex P value = 0.132.
bBinary logistic regression. Sex P value = 0.094.
cPoisson count regression. Sex P value = 0.034 showing greater mean DMFT in girls.

formation about dental caries is a basis for preventive pro-
grams and an indicator for treatment needs. The epidemi-
ological data related to oral diseases would be useful for
early preventative approaches such as application of fluo-
ride varnish and fissure sealant among primary schoolchil-
dren in order to reduce dental caries (32). The findings of
this study could help the establishment of prevention pro-
grams.
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