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EVALUATION OF DENTAL CARIES AND NURSING CARIES 
PREVALENCE IN PRE-SCHOOL CHILDREN LIVING

 IN A HIGH FLUORIDE AREA OF TURKEY
   Zuhal K rz oğlu,a Münciye Semra Özay Ertürk, Hüseyin Karay lmaz

Isparta, Turkey

SUMMARY: Children in nursery schools from each neighbourhood of Isparta city, a
high fluoride area of Turkey which has drinking water fluoride ranging from 0.14 to
3.40 mg/L, were randomly selected and screened for this study. Out of 566 children
between 2.5 and 6 years of age who were screened, 520 (91.9%) met the inclusion
criteria (240 girls and 280 boys). An inverse correlation was found between dental
fluorosis and nursing caries at a significance level of P<0.001. Subjects with
fluorosis experienced less caries than those with no fluorosis. Although the
difference between fluorosis and caries experience was not statistically significant
(P>0.05), there was an inverse correlation between fluorosis and the number of
carious teeth (P<0.001). Caries prevalence and mean dmft were 70% and 2.90±2.14
for the former group with fluorosis and 77% and 4.53±3.27 for the latter group with
no fluorosis. This study shows that dental caries and nursing caries experience
among children exposed to fluoride was lower than for those living in localities with
less fluoride in the drinking water. 
Keywords: Caries prevalence; Dental fluorosis; Nursing bottle; Nursing caries; Primary teeth.

INTRODUCTION

Early childhood caries (ECC), nursing bottle caries, baby bottle tooth decay,
baby bottle caries, and bottle mouth caries are terms used to describe rampant
caries in infants and babies attributed to prolonged bottle feeding containing fer-
mentable carbohydrate liquids, beyond the usual time when the child is weaned
from the bottle and introduced to solid food.1 “Early childhood caries” was a
term adopted in 1994 which acknowledged the multifactorial causes of the dis-
ease.2 In addition, it has been described as endemic in some populations.3 

The clinical appearance of the teeth in nursing caries in a child is typical and
follows a definite pattern. There is early carious involvement of the maxillary pri-
mary incisors, the maxillary and mandibular first primary molars and the mandib-
ular primary canines, within months after their eruption. Extensive and rapid
destruction of the primary dentition occurs as a result. Early implantation of
mutans streptococci, bottle feeding with sugary liquids, and prolonged breast-
feeding, especially at night, are important predisposing factors.1 This severe form
of dental decay, which is rapid in onset, compromises a young child’s smile and is
difficult to treat. Indeed, the usual clinical solution is to extract many of the pri-
mary teeth under general anaesthetic, a psychologically traumatic event that may
cause children to develop dental phobias.
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Fluoride in drinking water may help prevent dental caries, but excessive inges-
tion during the period of pre-eruptive tooth formation may also cause dental fluo-
rosis.4,5 The classical studies of Dean et al6 are widely cited (but not universally
accepted—see Discussion) in support of the view that optimal dental caries pro-
tection and minimal dental fluorosis are associated with a drinking water fluoride
level of about 1 mg/L. 

Various studies have been conducted on infant feeding practices, oral microf-
lora and their effects on nursing caries, and the caries protective mechanisms of
fluoride on permanent tooth enamel, but the effect of dental fluorosis on the for-
mation of nursing caries in primary dentition is not well known. The aim of this
study was to evaluate the relationship between dental fluorosis and nursing car-
ies, and to determine caries and nursing caries experiences of the children resid-
ing in a high fluoride area of Turkey (Isparta city), which has a fluoride content in
drinking water of different neighbourhoods ranging from 0.14 to 3.4 mg/L.7 In
addition, the relationships between the educational levels of the mothers, the
period of bottle use, contents of the bottle, frequency of tooth brushing, and nurs-
ing caries were investigated.

MATERIALS AND METHODS 

Isparta is a city of Turkey which has a yearly average temperature of 12.2 ºC.
Heavy clay soils, groundwater, and lake water in the vicinity of volcanic areas
can take up high levels of fluoride from these rocks.8 Isparta city is localized on
such a volcanic area, and Gölcük Crater Lake is one of the water sources of the
city. The other two water sources are Eğirdir Lake and And k River. The fluoride
levels of these sources increase especially in spring and summer due to increases
in temperature. Annual minimum and maximum fluoride levels of Gölcük Crater
Lake, Eğirdir Lake, and And k River are 0.79 and 1.55 mg/L (mean±SD:
1.12±0.29), 0.14 and 0.35 mg/L (mean±SD: 0.22±0.077), and 2.55 and 3.40 mg/
L (mean±SD: 2.96±0.31), respectively.7 Prior to the study, neighbourhoods of
Isparta city were classified according to these three fluoride concentrations in the
drinking water. Nursery schools from each neighbourhood were randomly
selected and screened for this study. 

A questionnaire was designed to determine medical history, type of nutrition,
and general health condition of each child, problems during pregnancy and just
after birth, mother’s type of nutrition during pregnancy, child’s primary caregiver,
period of using a bottle or pacifier, contents of the bottle, weaning age, dietary
habits, snacking and tooth brushing frequency, additional fluoride use, educa-
tional level of mother, and number of visits to dentists. The mothers of the chil-
dren were requested to fill out these questionnaire forms in order to obtain
information about the children, and assistance was provided to mothers during
completion of the forms. 

Among the 566 participants who were screened, 520 (91.9%) children met the
inclusion criteria of the study and were included in the study. The children’s
mothers read and signed a letter of informed consent enclosed with the forms.
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The study population was composed of 240 girls and 280 boys, who were 2.5 to 6
years of age at their time of entry into the study. These were children: (i) who
were healthy and free from physical or mental handicaps and had primary denti-
tion, (ii) whose mothers had read and signed the letter of informed consent and
filled the forms completely and correctly, (iii) who were cooperative and had
never received any additional fluoride treatment, and (iv) who had continuously
resided in the same neighbourhood since birth. 

Children with primary molars with white spot lesions, cavitations restorations
or profound caries, especially on buccal surfaces, and children with excessive
loss of anterior and posterior tooth structure, were excluded from the study for
the probability of interference with the diagnosis of fluorosis and nursing caries.
For the children who were excluded from the study, dental examinations were
performed, indicated treatments were determined, and the parents were informed.
Oral examinations were performed visually by two independent examiners visu-
ally using a No. 4 mirror and a WHO-CPI probe (a ball-ended periodontal probe)
during daylight with a battery-operated light (Oral probe kit, Osada, Japan).
Where this was not possible, younger children were examined using the lap-to-
lap technique. Teeth were cleaned using gauze if debris obscured visualization of
the tooth surface, but they were not dried during oral examination.

It was observed that none of the fluorotic primary teeth showed mottling or loss
of enamel. Because of the difficulties in adequate identification, grading and
evaluation of primary-tooth fluorosis compared to fluorosis in permanent teeth in
epidemiological studies, as well as the absence of the severe forms of fluorosis in
primary dentition, Dean’s criteria9 for dental fluorosis were modified as follows: 

      

                     
 Primary molars were the teeth considered for scoring of fluorosis. Score 0

showed healthy enamel surface, while score 1 showed loss of transparency and
the presence of small white spots. Teeth with white, opaque spots on one quarter
of the tooth surface, and teeth with large spots on the half and more of the tooth
surface, were given scores of 2 and 3, respectively.

Nursing caries was diagnosed according to the following criteria: (i) one or
more maxillary incisors showing a ring-like pattern of decay, (ii) one or more
maxillary incisors showing decay to the gum-line, (iii) sound mandibular inci-

0 Normal (includes ‘Normal’ score of Dean’s 
classification)

1 Mild fluorosis (includes ‘Questionable’ and 
‘Very mild’ scores of Dean’s classification)

2 Moderate fluorosis (includes ‘Mild’ score of 
Dean’s classification)

3 Severe fluorosis (includes ‘Moderate’ and 
‘Severe’ scores of Dean’s classification)
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sors, and (iv) use of a nursing bottle at naptime and/or bedtime which contained
fermentable carbohydrate liquids. Caries was diagnosed using WHO recommen-
dations for oral health surveys.10 The dmft (decayed, missing, and filled primary
teeth) scores for each child were calculated with teeth lost to trauma or exfolia-
tion excluded from the calculation. This information was obtained from parents
and questionnaires. Lesions were recorded as present when a carious cavity was
apparent on visual inspection. If doubt existed, the surface was investigated with
the WHO-CPI probe. Unless the point entered the lesion, the surface was
recorded as sound. The catching of the probe in a pit or fissure was not enough to
warrant the diagnosis of caries unless there was additional visual evidence. Use
of a nursing bottle at naptime and/or bedtime which contained fermentable carbo-
hydrate liquids and the presence of caries in anterior maxillary incisors were the
criteria used to distinguish patients with nursing caries from patients with more
common childhood caries.

The examination scores were reproducible. Inter- and intra-examiner calibra-
tions were conducted for the caries and fluorosis indices on dental patients prior
to the study. Kappa scores were 0.87 and 0.71 for dental caries and fluorosis
scores, respectively, for both inter- and intra-examiner calibration exercises. Sta-
tistical analysis was performed using the Statistical Package for Social Science
(SPSS, version 10.0). The data were analysed by chi-square, Kruskal-Wallis, and
Mann-Whitney-U tests. Statistical significance was set at P< 0.05. 

RESULTS

Dental fluorosis was clinically detected in the primary dentition of 264 (50.8%)
children who had lived continuously in their neighbourhoods with intermediate
and high fluoride levels and had been drinking tap water since birth, but none of
them exhibited severe form of fluorosis with mottling or loss of enamel. The
remaining 256 (49.2%) children had no fluorosis and had been residing in neigh-
bourhoods with low fluoride levels.

 Nursing bottle caries was diagnosed in 95 (18.3%) children, while the remain-
ing 425 (81.7%) children did not have nursing caries. There was an inverse corre-
lation between dental fluorosis and nursing caries at a significance level of
P<0.001. Kruskal-Wallis and Mann-Whitney-U tests were performed in order to
determine the relationship between fluorosis scores and nursing caries. Signifi-
cant differences were found between fluorosis scores of 0 and 1 and 0 and 2 at
significance levels of P<0.001 and P=0.001, respectively, while there was no
significant difference between the scores of 0 and 3 (P>0.05). Among the chil-
dren with fluorosis, 13 girls (5.4%) and 15 boys (5.4%) were observed to have
nursing caries, whereas among the children with no fluorosis, 35 girls (14.6%)
and 32 boys (11.4%) were found to have nursing caries (Table 1). 

The children were classified into five groups according to their nursing bottle
contents: (i) ones who drink milk; (ii) ones who drink milk with sugar; (iii) ones
who get formula; (iv) ones who drink cola, fruit juice, or tea with sugar; and (v)
ones who get two or more of the contents determined above. The period of using
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a bottle was classified as: (i) 0–12 months; (ii) 0–24 months; (iii) 0–36 months or
longer. A highly significant difference between bottle contents and nursing car-
ies, and between bottle contents and period of using a bottle was found at signifi-
cance level of P<0.001. The majority of the participants (47.1%) were observed
to drink milk sweetened with sugar, and 36.7% did not use a bottle. The children
who used a bottle for longer periods and who drank milk with sugar from a bottle
experienced more nursing caries than others. 

                      Table 1. Distribution of nursing caries according to gender

It was observed that 34.8% of 264 children with fluorotic teeth were caries free
and 20.5% had five or more caries. In the nonfluorosis group, the percentages of
children with no caries and with five or more caries were 27.0% and 37.9%,
respectively (Table 2). It was observed that children with fluorosis experienced
less caries than children with no fluorosis, and the teeth with fluorosis were
observed to have smaller and shallower caries cavities than nonfluorotic teeth.
Although the difference between fluorosis and patient’s caries experience was not
statistically significant (P>0.05), there was an inverse correlation between fluo-
rosis and number of carious teeth (P<0.001). Caries prevalence was 70% and the
mean dmft was 2.90±2.14 for the former group with fluorosis and 77% and
4.53±3.27, respectively, for the latter (Figure 1, Table 3). The mean mt (missing
primary teeth) figure was included, because it was very low.

There were 34 patients (6.5%) with 10 or more carious teeth who had small
Class I and II cavities with sound buccal surfaces.

Figure 2 reveals the distribution of the number of children and caries according
to gender in both fluorosis and nonfluorosis groups. 

The percentage of mothers with a high educational level was 60% and with a
low educational level was 21.3%. The inverse relationship between the educa-
tional level of the mothers and their children’s caries experience was highly sig-

Fluorosis
scores

Nursing caries
No. without caries                  No. with caries

Total
n  (%)

Girls
n  (%)

Boys
n  (%)

Girls
n  (%)

Boys
n  (%)

0 91 (37.9) 98 (35) 35 (14.6) 32 (11.4) 256 (49.2)

1 58 (24.2) 83 (29.6) 10 (4.2) 9 (3.2) 160 (30.8)

2 31 (12.9) 40 (14.3) 1 (0.4) 5 (1.8) 77 (14.8)

3 12 (5) 12 (4.3) 2 (0.8) 1 (0.4) 27 (5.2)

Total 192 (80) 233 (83.2) 48 (20) 47 (16.8) 520 (100)
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nificant (P<0.001), while no significant relationship was found between mothers’
educational level and their children’s nursing caries experience (P>0.05) (Table
4). 

             Table 2. Number of caries in fluorosis and nonfluorosis groups

The majority of the participants (69.4%) did not brush their teeth or brushed
them only once a day or irregularly. Low-fluoride toothpaste was used by 30.6%

Number of 
carious teeth

Fluorosis scores Total
n (%)

0
n (%)

1
n (%)

2 
n (%)

3
n (%)

0 69 (13.3) 48 (9.2) 33 (6.3) 11 (2.1) 161 (31)

1 18 (3.5) 13 (2.5) 8 (1.5) 2 (0.4) 41 (7.9)

2 26 (5) 21 (4) 10 (1.9) 5 (1) 62 (11.9)

3 17 (3.3) 16 (3.1) 6 (1.2) 1 (0.2) 40 (7.7)

4 29 (5.6) 21 (4) 10 (1.9) 5 (1) 65 (12.5)

5 22 (4.2) 12 (2.3) 5 (1) 1 (0.2) 40 (7.7)

6 14 (2.7) 11 (2.1) 3 (0.6) 1 (0.2) 29 (5.6)

7 11 (2.1) 5 (1) 1 (0.2) - 17 (3.3)

8 18 (3.5) 3 (0.6) 1 (0.2) 1 (0.2) 23 (4.4)

9 5 (1) 3 (0.6) - - 8 (1.5)

10 7 (1.3) 3 (0.6) - - 10 (1.9)

11 4 (0.8) 2 (0.4) - - 6 (1.2)

12 3 (0.6) 1 (0.2) - - 4 (0.8)

13 2 (0.4) 1 (0.2) - - 3 (0.6)

16 2 (0.4) - - - 2 (0.4)

17 1 (0.2) - - - 1 (0.2)

18 2 (0.4) - - - 2 (0.4)

19 1 (0.2) - - - 1 (0.2)

20 5 (1) - - - 5 (1)

Total 256 (49.2) 160 (30.8) 77 (14.8) 27 (5.2) 520 (100)
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of the children. The frequency of tooth brushing showed no significant relation-
ship with either caries or nursing caries (P>0.05).

        Figure 1. Caries prevalence in fluorosis and nonfluorosis groups.

    Table 3. Caries prevalence and mean number of decayed, missing, and filled 
primary teeth in fluorosis and nonfluorosis groups

 Table 4. Educational level of mothers in relation to mean decay number of their children 
with nursing caries

Prevalence (%) dt ± SD mt ± SD ft ± SD

With fluorosis 

Without fluorosis

70

77

2.78±2.90

4.23±4.47

0.037±0.33

0.19±0.90

0.083±0.46

0.097±0.41

Educational level of mothers  dt ± SD Number of children with nursing caries N (%)

Primary school

High school

University

4.75±3.98

4.28±3.85

2.80±3.60

24 (21.2)

16 (14.2)

73 (64.6)

Total 3.49±3.82 113 (100.0)
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       Figure 2. Distribution of the number of children and caries according to gender in 
                                       both fluorosis and nonfluorosis groups.

DISCUSSION

In recent years, there has been growing evidence that the prevalence of dental
fluorosis is increasing in both optimally and negligibly fluoridated communi-
ties.11-15 Dental fluorosis is a dose-response condition, so that a higher intake
during the critical period of tooth development will result in more severe fluoro-
sis.16,17 It is believed that the early maturation stage of enamel formation is the
most critical stage for both primary and permanent tooth fluorosis,18,19 but that
the highest risk for fluorosis occurs when there is fluoride exposure during both
the secretory and maturation stages.20 Fluorosis in the primary dentition has gen-
erally been reported to be less prevalent and less severe than fluorosis in the per-
manent dentition.13,21 Primary molar teeth, particularly the primary second
molars, which form at later stages of development, have been reported to be the
most commonly affected teeth.22,23 For this reason, in the present study primary
molars were the teeth considered for scoring fluorosis.

 Several studies indicate that primary-tooth fluorosis can be prevalent in areas
with very high fluoride water concentrations.24,25 In these areas, primary-tooth
fluorosis is likely the result of both pre- and postnatal exposures. Studies have
documented that primary-tooth fluorosis does occur in areas with optimal or sub-
optimal water fluoride concentrations, and that, in these settings, primary-tooth
fluorosis is most likely caused by postnatal exposures.26,27 In primary teeth, the
maturation phase occurs in utero while the placenta acts as a barrier to the trans-
fer of fluoride and so a partial protection is provided by the maternal exclusion of
fluoride to the fetus.19 The development of primary teeth in a shorter time than
permanent teeth develop provides less fluoride exposure for primary teeth.28,29
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Moreover, the much thinner enamel layer of primary teeth may also explain the
lower degree of dental fluorosis in primary teeth.25 It is more difficult to make
adequate identification and grading of primary-tooth fluorosis than fluorosis in
permanent teeth. Because of these difficulties in evaluating primary-tooth fluoro-
sis and the absence of severe forms of fluorosis with mottling or loss of enamel in
primary dentition, the fluorosis scoring of Dean9 was modified for use in this
study. 

Children who lived in the same neighbourhood since birth were diagnosed as
having similar levels of fluorosis in their primary teeth. Children with severe den-
tal fluorosis (score 3) lived in neighbourhoods with high fluoride levels (2.55–
3.40 mg/L). It was also noted that nutrition types of the children were similar in
both the high and low fluoride areas. Isparta is a secluded city, and for this reason
nutritional and traditional habits of the families remain relatively unchanged and
may be a possible reason for similar nutrition types of the children in this city.

Although the classical studies of Dean et al6 reporting an inverse water fluo-
ride-dental caries relationship are widely cited, they are not universally accepted.
One critique noted that Dean et al only presented data from the selected commu-
nities while not taking into account factors other than fluoride, e.g., socio-eco-
nomic and dietary differences and variations in the composition of the drinking
water.30 Teotia and Teotia31 reported that increased calcium intake without fluo-
ride was effective in reducing dental caries in children and that dental caries was
actually caused by high fluoride and low dietary calcium intakes, separately, and
through their interactions. These factors may help explain differences in the
results of various studies on the relationship between caries incidence and fluo-
ride. 

On the other hand, various levels of fluoride exposure have been reported to
delay or reverse the caries process by remineralizing the tooth enamel.5,32,33 In
our study, we found that the percentage of caries-free children in the fluorosis
group was higher than the percentage of caries-free children in the nonfluorosis
group. In this respect, our findings are consistent with those of many other studies
demonstrating lower dental caries experience among children exposed to fluori-
dated water.5,28,35-39 However, there are also studies indicating a positive associ-
ation between high fluoride levels in drinking water and dental caries.40-43 In
contrast to our study, permanent teeth of children were evaluated and an increas-
ing decay rate in permanent dentition with increasing fluorosis severity was
observed in those studies.40-43 Moreover, in the research of Yiamouyianis44 and
more recently of Armfield et al45, lower tooth decay rates were found only in pri-
mary dentition with exposure to fluoridated drinking water, while no difference
was found in caries rates for the permanent teeth of the children in these studies. 

A difference between decay rates of primary and permanent teeth with fluorosis
may be explained by the findings of Yoshida et al,46 who reported that the fluo-
ride content on the outer 10 µm of permanent teeth varied from 2000 to 3000
ppm depending on the original fluoride level of the drinking water. On the other
hand, the concentration of fluoride in the outermost layer of primary teeth was
Fluoride 2004;37(4)
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much lower (1000 ppm in an area with 1 ppm fluoride). It is fluoride concentra-
tion in this outer enamel layer which these authors consider critical for caries pre-
vention. Mottled enamel, which is generally seen with permanent teeth, has a
much higher fluoride concentration than normal enamel or the enamel formed in
the presence of optimal fluoride level.

In developing countries the prevalence of nursing caries has been reported to be
as high as 70% in pre-school populations.47 In the present study, the percentage
of children with nursing caries was 18.3%. Although Turkey is a developing
country, nursing caries experience may be reduced by high fluoride levels in
drinking water in Isparta. This percentage has been reported to vary from 14% to
27.3% in previous reports.48-50 Mean dmft values reported by K rz oğlu et al49

for Erzurum (eastern Turkey) and Bursa (western Turkey) cities (2.49 and 2.77,
respectively) were lower than the mean dmft (4.53) in the nonfluorosis group in
Isparta. The prevalence of caries and nursing caries may be affected by the differ-
ences between periods of using a nursing bottle, the time of eruption of the pri-
mary teeth, and dietary habits of the children residing in different geographic
regions. In one study, the age of complete eruption of primary teeth of the chil-
dren in Isparta was reported as 30 months.51 

Our finding that there was a highly significant association between contents of
the bottle and nursing caries is generally supported by other studies reporting that
nursing bottles containing fermentable carbohydrate liquids play an important
role in the formation of nursing caries.52,53 This is in contrast to some studies
showing no relationship between contents of the bottle and nursing caries.54,55

Dietary habits play an important role in caries formation. Prolonged use of a
nursing bottle containing fruit juice and sweetened liquids both at night and dur-
ing the day significantly promotes caries formation. Schwartz et al54 reported
that 62% of the children with nursing caries had the habit of sleeping with a nurs-
ing bottle in their mouth.

A mother’s higher education level has been shown to be a good predictor for
low-caries experience,48,56 as it was in this study. This may be because educated
mothers have more knowledge about dental health issues. There is also an associ-
ation between higher education and higher income that relates to the ability to
afford better dental care for their children. In contrast to this finding, it was
observed that children of mothers with high education level were more likely to
have nursing caries experience than other children from families with lower edu-
cational background, but the difference was not statistically significant. This may
be an indicator of lack of knowledge about predisposing factors of nursing caries
in our society even among educated mothers. In Turkey, maternity leave of
women is only 40 days, and at the end of this period mothers are obliged to return
to work. This may be another possible reason for the early use of nursing bottle
for babies of educated mothers rather than breast feeding. 

In conclusion, in this study dental caries and nursing caries experience among
children exposed to fluoride was lower than for those living in localities with less
fluoride in drinking water. The results of the study indicated that there is an
Fluoride 2004;37(4)
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urgent need for disseminating appropriate and accurate information about oral
health care for infants and caregivers, especially regarding the inappropriate use
of a nursing bottle at night and giving non-dairy products in a bottle. It is neces-
sary to promote dental awareness among young mothers to facilitate early dental
check-ups for young children. In addition, fluoride, in recommended doses, con-
tinues, in our view, to be a primary therapeutic agent for the prevention of dental
caries in adults and children. With the downward adjustment in the fluoride sup-
plements, especially in endemic fluorosis areas, continued monitoring of the
prevalence of dental fluorosis in young children is needed to determine if any
additional steps are necessary to restrict fluoride intake during the years that
enamel formation is occurring. 
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