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Abstract
Objectives Fungiform papillae (FP) contain numerous taste buds. A genetic susceptibility between tasting via FP and caries risk
has been suggested. This study aimed to investigate the relationship between FP number and dental caries and to determine
whether FP number may be considered as a test for caries risk.
Materials and methods The study included 157 children who attended the pediatric dentistry department at a public university.
Questionnaires, including the children’s medical health, oral health knowledge, fluoride exposure, and taste preferences, were
filled in by their parents. The FP number on the dorsal surface of the tongue was counted according to the Denver Papilla
Protocol. Caries was recorded using deft/DMFT indices. Statistical analyses were performed using SPSS.
Results The FP number decreased significantly according to age (r = −0.441, p = 0.001), and the mean of the girls’ FP number
was significantly higher than the boys’ (p = 0.022). A greater number of FP was associated with increased deft score (p = 0.02,
odds ratio [OR] = 1.164).
Conclusion The caries risk increased in children who hadmore FP (FP > 30); therefore, FP number could be evaluated in terms of
caries risk. FP number could be evaluated as a risk factor for determining dental caries since the risk of caries increased after a FP
cut-off point of 29 was achieved.
Clinical relevance Clinicians can start preventive treatments for caries earlier by determining the FP number for each child.
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Introduction

Dental caries is a common chronic disease. The host (tooth),
the bacteria (cariogenic), the substrate (fermentable carbohy-
drates), and time are necessary for caries development. Apart
from these four basic factors, tooth morphology, saliva, oral

hygiene, socioeconomic level, education, habits, and genetic
factors affect caries formation [1].

Caries risk is defined as the probability of developing a
caries lesion in an individual over a defined period. Several
factors are evaluated in caries risk assessments. These are
behavioral factors and microbiological measures such as den-
tal caries experience in the primary and permanent dentition,
plaque quantity, fluoride use, diet, salivary flow rate and buff-
ering capacity, and Streptococcus mutans and lactobacilli
counts. It is important to evaluate caries risk in children for
the selection of appropriate preventive treatments [2].

Nutrition affects the development of craniofacial tissues,
the maintenance of biological functions, and the progression
of oral diseases [3]. Nutritional preferences and nutritional
behaviors in children are influenced by taste preferences,
which show great differences between individuals [4]. Taste
preferences are related to sensory taste threshold values (i.e.,
individual taste sensitivity) [5]. Recent studies have explored
the genetic susceptibility to sweet and bitter tastes, taste
thresholds, and caries risk [6, 7]. Taste genes that are
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associated with caries have been identified [8, 9]. Taste is
sensed by the taste buds located in the papillae of the tongue,
soft palate, and pharynx. Fungiform papillae (FP) contain nu-
merous taste buds embedded in these surfaces. In humans, the
area with the greatest number of FP is on the tip of the tongue.
[10] People who have more FP are more susceptible to taste
stimuli [11]. Studies have focused on the relationship between
FP and taste [5, 11, 12] or taste and caries. [7, 9]

The purpose of this study was to investigate the relation-
ship between FP and dental caries in children with primary or
mixed dentition. If the proposed hypothesis is accepted, the
determination of the FP number could be a suitable test for
caries risk assessment. We also investigated if the mean FP
number in children varies according to age, gender, or taste
preference.

Material and methods

Subjects

Children aged between 5 and 10 years who attended to the
pediatric dentistry department of a public university for oro-
dental examinations were included in the study. Healthy chil-
dren without any systemic disease or diseases related to oto-
rhinolaryngology in the last month were selected. Children
whose parents rejected their tongue to be dyed, who could
not keep their tongue in the proper position, or who use
antibiotics/drugs were excluded from the study. Intraoral ex-
aminations showed that all subjects were in the primary or
mixed dentition (including at least four primary molars). To
eliminate ethnicity as a factor that could have an impact on
caries, the study included only children and their parents born
in Turkey.

Compliance with ethical standards

The study was conducted according to the Declaration of
Helsinki and approved by Marmara University Clinical
Research Ethics Committee (protocol #2016-65). The volun-
teer information form and consent form were signed by the
parents of each participant.

Study procedure

Experienced researchers (EEK, BY) completed a three part
questionnaire for each child: (1) basic data about children
(date of birth, place of birth, number of siblings) and parents
(number of children, contact information, education levels,
ethnicity); (2) brushing habit, brushing frequency, parental
assistance, fluoride toothpaste, and fissure sealants; and (3)
taste preferences. Then intraoral examinations were per-
formed and recorded.

The number of children participating in our study was de-
termined by power analysis. According to the power analysis,
if the difference between the two groups was 0.10 and if the
standard deviation in each group was 0.1, at least 50 cases
would be required in each group for an alpha of 0.05 and a
power level of 90% [13].

Assessment of taste preferences

A food list was designed and divided into four groups as
sweet, salty, bitter, and sour. If the child chose two or more
foods in one group, he/she was considered as liking/preferring
this taste. Taste preferences may change according to the eat-
ing habits of the place where they were born. Therefore, the
parents’ place of birth was grouped according to geographical
regions. The relationship between the birthplaces of parents
and FP was also investigated.

Examination and scoring of dental caries

All intraoral examinations were performed by the same re-
searchers (EEK, BY) with a mirror under artificial light.
Caries were recorded using deft (decayed, extracted, filled in
primary teeth) and DMFT (decayed, missing, filled in perma-
nent teeth) indices according to the WHO criteria [9].

Determination of FP number

The Denver Papilla Protocol was used to determine the FP
number. A dichotomous key system was used to establish a
consistent scoring among observers. The children were shown
an image of the procedure before the tongue was dyed then
asked to bite their tongue slightly to keep the tongue still in the
appropriate position. When the appropriate position was
achieved, the tongue was dried with a paper towel.
Approximately 1 ml of a 1:36 concentration of blue food
dye Brilliant Blue FCF (E133) was applied to the apex of
the tongue with a sterile cotton bud. A 20-mm circle filter
paper with a 10-mm-diameter circular cut out was placed on
the left side of the midline of the tongue. A plastic millimeter
ruler was placed on the right side of the tongue (Fig. 1). At
least three close-up images were taken with a digital camera
by approaching the targeted area. The plane of the camera lens
and the tongue plane were parallel. The images were uploaded
to a computer and analyzed using ImageJ 1.46r 32bt. Each
image was independently scored by two calibrated researchers
according to shape, color, size, and recession characteristics of
FP. If the higher FP score was within 10% of the lower FP
score, the average of the two scores was recorded; if the two
FP scores differed by more than 10%, it was recounted, and
discrepancies discussed, arriving at a final consensus score
[14]. If a consensus score could not be reached, a third re-
searcher (AM) recounted to eliminate FP number bias.
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Collection of data

The study started in March 2016 after obtaining ethical approv-
al. The trained researchers examined all children who applied
for dental visits and met the criteria for this study. The dental
examinations were performed, and registration forms were
filled out in handwriting. Tongue photographs were taken of
each patient and labeled. All data were then transferred to a
computer. The clinical part of the study was completed in
December 2017 when the study size was achieved.

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics
22 (SPSS IBM, Turkey). The convenience of the parameters
to normal distributionwas evaluated by the Shapiro–Wilk test.
Student t-test was used for comparing variables with normal
distribution, and the Mann–Whitney U test was used for com-
paring non-normally distributed variables. Chi-square and
continuity (Yates) correction tests were used for comparing
qualitative data. The Pearson correlation test was preferred to
determine relationships. To determine the reliability of the FP
number, an in-class correlation coefficient was used. Logistic
regression analysis was performed for multivariate analysis.
P-values < 0.05 were considered statistically significant.

Results

A total of 157 children between 5 and 10 years old (mean,
7.47 ± 1.66) were included in the study. Eighty-two (52%) of

the children were boys, and seventy-five (48%) were girls.
There was no significant difference in the mean age between
boys (7.59 ± 1.6) and girls (7.35 ± 1.74). The study group’s
brushing habit and frequency, parental assistance during
brushing, fluoride toothpaste use, the presence of fissure seal-
ant, and taste preferences are shown as percentages (Table 1).
There was no significant difference in terms of taste prefer-
ences of the study group. The number of children who like
sweets was extremely high (Table 1). Therefore, the relation-
ship between taste preferences and caries is somewhat
unreliable.

The intraclass correlation coefficient of FP number mea-
surements of the two researchers was 0.988 (0.982–0.991) for
the reliability of the measurement. The mean FP number was
32.22 ± 12.59 for the whole group, and the median was 29
(95% CI 14–72) (Table 2). The FP number decreased with
increasing age, and a statistically significant negative correla-
tion was found (r = −0.441; p = 0.0001). The mean FP number
of the girls (34.64 ± 13.92) was significantly higher than that
of the boys (30.01 ± 10.85) (p = 0.022). There was no statis-
tically significant difference between the mean FP number of
children and birth regions of parents (p > 0.05).

Themedian FP number of the childrenwas 29, and this was
used as a cut-off point. The children were divided into two
groups: less FP (FP <30) andmore FP (FP> 30). Themore and
less FP group’s mean deft values were 7.74 ± 5.248 and 4.46 ±
3.69, respectively. Caries experience of the primary teeth as

Fig. 1 Fungiform papillae on blue dyed tongue

Table 1 Distribution of survey responses

All group

n Percentage

Brushing habit No 24 15.29%

Yes 133 84.71%

Brushing frequency None 6 3.82%

Once a week 48 30.57%

Once a day 64 40.76%

Twice a day 39 24.84%

Parental assistance No 107 68.15%

Yes 50 31.85%

Fluoride toothpaste No 5 3.18%

Yes 152 96.82%

Sweet No 6 3.82%

Yes 151 96.18%

Salty No 93 59.24%

Yes 64 40.76%

Bitter No 76 48.41%

Yes 81 51.59%

Sour No 36 22.93%

Yes 121 77.07%
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deft values was higher in the more FP group (p = 0.000).
The caries risk was 1.176 times higher in children with
more FP (Table 3). Caries of permanent teeth (as DMFT
values) were found in 93 children. For those that were in
the mixed dentition, the mean DMFT was 1.33 ± 1.590,
and 47% of them were caries-free. The relationship be-
tween FP groups and DMFT values was not statistically
significant (p > 0.05).

The effects of age, deft, and gender parameters on FP num-
bers above and below 30 were significant (p < 0.05) when
using logistic regression analysis. The increase in age had a
reducing effect on FP number (by 0.67 times). An increase in
FP number was associated with an increasing deft number by
1.164 times. Girls had a 2.041 times increase over boys in FP
count (Table 4).

Sensitivity and specificity were examined to confirm
whether the determination of the FP number could be a suit-
able test for caries risk assessment. The low and high caries
risk groups were formed according to the deft scores. The p
value was found to be statistically significant in all three cases
(Table 5).

Discussion

In our study, we determined the FP number in 157 children
aged between 5 and 10 years. FP was detected in a 10-mm

circular cross-sectional area at the tip of the tongue, with a
median of 29, and low and high FP groups were defined.
The values in our study were measured for an area of 0.75
cm2. We found the median as equivalent to 38.6 per unit area
(cm2), close to the values of Fogel and Blissett [15]. The mean
FP of the whole group was 32.22 ± 12.59. The lowest FP
number was 14, and the highest FP number was 72. Those
numbers were in accordance with previous studies [5, 15].We
also found a median value of 29, similar to Jilani et al., but our
circular target area was 16 mm2 wider [5].

Our study showed that in children, FP numbers decreased,
while the age increased (r = −0.0441, p = 0.001) in accordance
with previous studies [5, 15–18]. This outcome is consistent
with the results of FP numbers of adults and children, where
children have more FP [19, 20]. In a study of 30 adults and 85
children (7–12 years old), only the 7–8 age group’s FP was
found to be more than in adults, and there was a density de-
crease from 7–8 years old to 9–10 years old [13]. In our study,
we found a reduction in FP number in the transition from 5–6
years to 7–8 years and from 7–8 years to 9–10 years. Our
study was also in line with a study conducted among children,
which found a decrease in FP number with every increasing
year of age [5]. Some studies have reported no association
between FP density and age [21–23].This can be attributed
to narrow age spans [22] or a limited number of samples or
stabilization of the growth of the anterior dorsal tongue after
8–10 years of age [24].

Table 2 Mean, standard
deviation of FP number by age,
upper and lower bounds, and
minimum and maximum values
within 95% confidence interval

Age N FP mean ± SD %95 CI Min. Max.

Lower bound Upper bound

5 years 22 43.82 ± 17.79 35.93 51.71 16 72

6 years 37 36.35 ± 11.57 32.49 40.21 15 58

7 years 17 29.94 ± 8.68 25.48 34.4 16 44

8 years 28 29.86 ± 10.73 25.70 34.02 16 54

9 years 32 26.31 ± 8.06 23.41 29.22 14 52

10 years 21 26.81 ± 8.20 23.08 30.54 15 46

All group 157 32.22 ± 12.59 30.24 34.21 14 72

Table 3 The assessment of age, gender, and deft values according to FP groups within 95% confidence interval

FP ≥ 30 FP < 30 p OR OR (%95 CI)

n % n %

Gender Male 34 44.2 48 60

Female 43 55.8 32 40 0.047* 1.897 1.006–3.577

Age mean ± SD 6.81 ± 1.58 8.15 ± 1.53 0.000* 0.593 0.476–0.737

deft mean ± SD (median) 7.74 ± 5.25 (7) 4.46 ± 3.69 (4) 0.000* 1.176 1.087–1.272

Student t test for age, Mann–Whitney U Test for deft, *p < 0.05
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In this work, a significant gender effect was also found
with FP number in children. The mean FP number of the
girls was significantly higher than the boys (p = 0.022). In
the two recent large adult studies (1108 male and 1263
female participants, 1119 subjects), it was observed that
women had significantly more FP than men [15, 17]. Also
other studies reported that the female FP number was
higher than males [22, 25, 26]. Several other studies
found no significant difference between males and fe-
males [13, 18, 21, 23], and one study found a significant
gender difference only in some age groups (30–39 years
and 40–49 years) [26]. In two studies on children (7–12
years, 8–11 years), gender did not make a significant dif-
ference in FP number [5, 13]. But in one of these studies,
there was a significant gender × age group interaction
[13], and the other study was conducted on only 83 chil-
dren [5]. That may have been an inadequate number of
subjects. Further, large-scale studies are needed to deter-
mine the effect of gender in children as well as in adults.

To our knowledge, this is the first study to investigate the
relationship between FP number and dental caries in children
and report a statistically significant relationship between FP
number and primary teeth caries. Recent studies have focused
on the genetics including the taste and protein interactions of
dental caries [27]. Different genes associated with dental car-
ies have already been reported [9, 27, 28]. On the other hand,

studies have shown regulatory molecules, pathways, and gene
expressions associated with lingual taste organs, the fungi-
form papillae, and taste buds [29, 30]. Therefore, we thought
that genetics might be the basis of this association between
fungiform papillae and dental caries.

In this age group of 6- to 12-year-olds, the primary molars
are the last exfoliated teeth, and they are used for the caries
risk prediction for permanent dentition [31]. A greater number
of FP was associated with increased deft score, which indicat-
ed that the FP number of that age group could be a good
predictor of caries risk. We did not detect a relationship be-
tween permanent teeth and FP numbers. We believe that this
relationship should be investigated further with older age
groups. The experience of dental caries in primary teeth is a
good predictor for permanent teeth and we found a fair rela-
tionship between FP number of the tongue and dental caries
existed in primary teeth. So, when some of the primary teeth
are missing, we believe that FP count could be used as a caries
risk for permanent teeth.

This study has three limitations: (1) children younger
than 5 years of age (primary dentition period) cannot be
photographed and evaluated properly for FP measure-
ment. We tried to take tongue photos several times, but
they could not control their tongue position. Therefore,
we had to exclude them and limit the age from 5 years
upward. Age may be a confounding factor in our study,
and further studies involving more children in lower age
groups are required. (2) In the mixed dentition, dental
caries status cannot be evaluated properly, because some
primary teeth had been exfoliated or extracted due to car-
ies. We questioned every missing primary tooth (especial-
ly molars) and had to choose the children who had at least
four primary molars; then, we used the deft index instead
of the deft. (3) The age of the child is critical when a
study deals with the cognitive functions of the children.
Taste threshold studies in children are usually conducted
in older age groups [5, 22, 32] (e.g., Nillson (15-year-
olds), Jilani (8-11-year-olds), Feeney (7-13-year-olds)).
Egil and Mentes conducted a study on 6-13-year-old chil-
dren and found irregularities in all taste perceptions at
different age groups [33]. Our study group included chil-
dren as young as 5 years old, making it difficult to iden-
tify and discriminate the taste concentrations. Also their
ratings could be easily influenced by external factors [5,

Table 4 The assessment of parameters affecting FP number by logistic
regression analysis

95% CI for OR p

OR Lower Upper

Age 0.670 0.526 0.855 0.001*

Deft 1.164 1.025 1.322 0.020*

Gender (female) 2.041 0.994 4.191 0.048*

When the effects of age, deft, and gender parameters on FP number were
evaluated by using logistic regression analysis, the model was found to be
significant (p < 0.05), and Nagelkerke R square value was determined as
0.270, and the explanatory coefficient (67.3%) of the model was found to
be good. The effect of age, deft number, and gender on the model was
found to be statistically significant (p < 0.05). It was seen that the increase
in age has an effect of reducing FP number by 0.67 times. The increase in
FP number has an effect of increasing deft by 1.164 times. It has been
seen that being a female has a 2.041 times increase in FP count.

Table 5 Criterion values and
coordinates of the ROC curve deft scores Sensitivity 95% CI Specificity 95% CI +LR -LR Significance level P

0 vs > 1 52.63 43.8–61.3 70.83 48.9–87.4 1.80 0.67 0.018*

0–1 vs > 2 53.91 44.9–62.8 72.41 52.8–87.3 1.95 0.64 0.002*

0–2 vs > 3 53.85 44.4–63.1 65.00 48.3–79.4 1.54 0.71 0.005*
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33]. Hence, we used a food list for the assessment of taste
preferences instead of a taste threshold or perception test.

In conclusion, we found that when the FP number of a child
is greater than 29, there is an increased risk for dental caries.
Therefore, we propose that the FP number should be evaluated
in terms of caries risk assessment among children in addition
to other well-known parameters. However, it should be noted
that age and gender are also important. Therefore, further
studies are needed to investigate the relationship between FP
number and the other parameters of caries risk.
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