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ABSTRACT

Objective: This study aimed to evaluate the eruption 
stages of permanent first molars (PFMs) and their 
association with body mass index (BMI) in a 6-year-
old child population living in Afyonkarahisar, Turkey. 
The H0 (null) hypothesis was established as “There is 
no difference between the eruption stages of PFMs in 
children with different BMI”.

Materials and Methods: The study was a cross-
sectional study of 700 systemically healthy, six-year-
old Turkish children (311 females, 389 males) living in 
Afyonkarahisar. The children were divided into three 
groups (underweight, normal weight, overweight/
obese) according to individual BMI values by age. The 
eruption stages of PFMs were recorded. The comparison 
of the mean number of teeth at each stage according to 
gender and BMI was evaluated. Statistical analysis was 
performed using SPSS. Comparisons were done by 
Mann-Whitney U and Kruskal-Wallis tests.

Results: The mean number of fully erupted PFMs was 
1.4±1.65, partially erupted PFMs was 0.9±1.17, and 
unerupted PFMs was1.7±1.87 per individual. The mean 
number of fully erupted PFMs was 2.4±1.53 in females 
and 0.6±1.23 in males. Females had more fully erupted 
PFMs than males, significantly (p=0.000). Overweight 
children had more mean erupted PFMs than normal 
weight children (p=0.000), and normal weight children 
had more mean erupted PFMs than underweight children 
(p=0.000). Overweight children had no unerupted PFMs. 

Conclusion: It was found that there was a difference 
between the eruption stages of PFMs according to the 
BMI of a group of children. Preventive dental procedures 
may need to be performed at earlier chronologic ages, in 
overweight/obese children.

Keywords: Body mass index, Obesity, Permanent teeth, 
Tooth eruption.

ÖZET

Amaç: Bu çalışmanın amacı Afyonkarahisar’da yaşayan 
6 yaş çocuk popülasyonunda daimi birinci azı dişlerin 
(DBA) sürme aşamalarını ve bunların vücut kitle indeksi 
(VKİ) ile ilişkisini değerlendirmektir. H0 (başlangıç) 
hipotezi “Farklı VKİ’ye sahip çocuklarda DBA’ların 
sürme evreleri arasında fark yoktur” şeklinde kurulmuştur.

Gereç ve Yöntem: Çalışma, sistemik olarak sağlıklı, altı 
yaşında, Afyonkarahisar’da yaşayan 700 Türk çocuğu 
(311 kadın, 389 erkek) üzerinde yapılan kesitsel bir 
çalışmadır. Yaşa göre bireysel VKİ değerlerine göre 
çocuklar üç gruba ayrılmıştır (Zayıf, normal kilolu, 
fazla kilolu/obez). Daimi birinci molar dişlerin sürme 
aşamaları kaydedilmiştir. Her aşamadaki ortalama diş 
sayısının cinsiyet ve VKİ’ye göre karşılaştırılması 
değerlendirilmiştir. İstatistiksel analiz SPSS kullanılarak 
yapıldı. Karşılaştırmalar Mann-Whitney U ve Kruskal-
Wallis testleri ile yapıldı.

Bulgular: Kişi başına ortalama tam sürmüş DBA sayısı 
1,4±1,65, kısmi sürmüş DBA sayısı 0,9±1,17, sürmemiş 
DBA sayısı 1,7±1,87 idi. Ortalama tam sürmüş DBA 
sayısı kadınlarda 2,4±1,53 iken erkeklerde 0,6±1,23’tür. 
Kadınlarda erkeklere kıyasla daha fazla tam sürmüş 
DBA bulunmaktadır (p=0.000). Aşırı kilolu çocukların 
normal kilolu çocuklara göre (p=0.000) ve normal kilolu 
çocukların zayıf çocuklara göre (p=0.000) daha fazla 
ortalama sürmüş DBA vardı. Aşırı kilolu çocuklarda hiç 
sürmemiş DBA yoktu.

Sonuç: Bir grup çocuğun VKİ’sine göre DBA’ların 
erüpsiyon aşamaları arasında fark olduğu bulunmuştur. 
Aşırı kilolu/obez çocuklarda koruyucu dental 
prosedürlerin daha erken kronolojik yaşlarda uygulanması 
gerekebilir.

Anahtar Kelimeler: Vücut kitle indeksi, Obezite, Daimi 
dişler, Diş sürmesi.
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Introduction

Tooth eruption is the emergence of a tooth from 
within its follicle in the alveolar process of the 
jaws into the oral cavity and the eruption process 
continues until the tooth has contact with the 
antagonistic teeth.1 The eruption order of permanent 
dentition may differ between the upper and lower 
jaw. However, permanent teeth eruption usually 
starts with permanent first molars (PFMs) at about 
the 6th year of age.1,2 

The emergence of PFMs is an essential 
developmental milestone with crucial implications 
for the development of functional occlusion, and the 
timing of orthodontic and preventive treatments.3 
Also, a systematic review reported that eruption 
times of permanent teeth were a predictor for caries 
development, and they emphasized that PFMs being 
at higher risk of occlusal caries within the first year 
of the eruption.4 Although there may be variations in 
the age range in different populations, it was found 
that the first emergence of the PFM is between the 
ages of 5.9 and 6.9 among children living in different 
regions of Turkey.5-7

The eruption of teeth in the oral cavity occurs over 
a wide chronological age range and is influenced by 
a number of factors, including nutritional status.8-11 
Body mass index (BMI) is one of the most common 
and simplest methods to assess an individual’s 
nutrition status.12 For children, BMI is age and sex-
specific because the amount of body fat changes with 
age and differs between boys and girls. The Centers 
for Disease Control and Prevention (CDC) provides 
growth charts and calculators that take these factors 
into account. In the literature, the relationship 
between tooth eruption and BMI was evaluated in 
different populations.10,13-18 In a study in India, the 
authors found that overweight children had earlier 
eruption ages than those with lower BMI.16 In the 
study by Must et al, the authors found that permanent 
teeth in obese children tended to erupt earlier than in 
non-obese children, with an average of 1.44 more 
teeth erupting than in non-obese children.10 In 
addition, a longitudinal study showed that 11-year-
old overweight children had five more teeth than 
lean children.15 Lailasari et al. found a significant 
association between the number of permanent teeth 
erupted and the nutritional status of six-seven year 
old children in Indonesia.13 However, Khan found 
no significant association between BMI and dental 
eruption in Pakistani children.14 In the study of Anu 
et al., they found that there is a statistically significant 
association between BMI and central incisor teeth 

eruption status but, there is no association between 
BMI and molar teeth eruption status.18 In the 
available literature, there are a limited number of 
studies evaluating the relationship between BMI 
and oral health in Turkish children,19-22 but no study 
was found that examined the relationship between 
BMI and the eruption time of PFMs.

This study aimed to evaluate the eruption stages 
of PFMs according to BMI in a six-year-old child 
population living in Afyonkarahisar, Turkey.  For the 
purposes of the study, the H0 (null) hypothesis was 
established as “There is no difference between the 
eruption stages of PFMs in children with different 
BMI”.

Materials and Methods

This study was approved by the Local Ethics 
Committee of Medicine Faculty (No: 2019.247). 
Informed written consent was obtained from the 
parents, and age-appropriate assent documents were 
used for all children.

The study was designed as a cross-sectional study. 
Children who lived in Afyonkarahisar and were 
referred to the pediatric dentistry department of the 
university hospital from August 2019 to December 
2020 were evaluated. A detailed medical and drug 
history was taken. 

The sample size was estimated using the G 
Power software program (version 3.1.9.6, HHU, 
Dusseldorf, Germany). Since there is no similar 
study in the literature analyzing BMI and eruption 
of PFMs among six years old children, the sample 
size was calculated based on the total number of 
erupted teeth between six-year-old obese and non-
obese children in the study of Must et al.10 The 
sample size estimation was performed based on a 
type I error (α) of 0.05 and power of the study at 
90%, which indicated that a total of 658 patients 
was required for a two-tailed hypothesis (Effect 
size:0.369). Based on this result, 700 participants 
were selected for the study, allowing for loss due to 
incomplete examination.

Inclusion criteria were as follows: children aged 6 
years without genetic disorders or developmental 
delay, systemically healthy, cooperative during 
clinical examination, and willing to participate in 
the study. Children with Frankl scale 123 (definitely 
negative), history of facial trauma, premature birth, 
previous or current orthodontic appliance, restricted 
mouth opening, oral cleft, genetic/acquired teeth 
anomalies, and systemic/genetic disorders were 

Eruption stages of permanent first molars 
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excluded. 

The age of the children was calculated by subtracting 
the date of birth from the examination date, and 
children aged 72-84 months were included in the 
study. The anthropometric measurements were done 
on participants who were in lightweight clothes and 
without shoes. The children’s height was measured 
using a calibrated tape attached to a wall, with the 
subjects’ backs and knees straight and feet together. 
Weight was calculated for each child using a 
digital weighing machine. Height was determined 
as meters; weight was determined in kilograms. 
A single researcher collected all anthropometric 
measures and performed twice consecutively, and 
the mean value was used for analysis.

The BMI (kg/m2) was determined for each child 
from the collected data on body height and weight. 
Among children, take the growth- and gender-
specific differences into account. Specific BMI 
values are referred to as “BMI for age,” as given 
by the Centers for Disease Control and Prevention 
(2021).24 

Based on individual BMI for age values, the children 
were divided into three groups, which were: 

• Underweight (BMI for age <5th percentile) 

• Normal-weight (BMI for age 5th–85th 
percentile) 

• Overweight/obese (BMI for age >85th 
percentile) 

An intraoral examination was conducted after 
the anthropometric assessment. The intraoral 
examination was performed on a dental unit with a 
standard white light, using a sterile mouth glass and 
probe, starting from the posterior right side of the 
maxilla and ending on the right side of the mandible.

The criteria of Ekstrand et al.25, which were used to 
record the eruption stages of each PFMs were:

• Stage 0: The teeth are not visible in the oral 
cavity. 

• Stage 1: At least one cusp is visible in the oral 
cavity.

• Stage 2: The entire occlusal surface is visible 
but has not reached the occlusal level. 

• Stage 3: The tooth in occlusion or at the 
occlusal plane level if the antagonistic tooth 
was not fully erupted. 

In cases of doubt about stages two and three, a thin 

sheet of paper was held in place by the occlusion.  
For analysis, stages one and two were recorded as 
partially erupted and stage three as fully erupted.

After cleaning and drying the teeth, a single calibrated 
examiner recorded the caries lesions. Clinical 
assessment of dental caries (dft: decayed, filled 
teeth for deciduous dentition) was done according 
to World Health Organization guidelines.26 Caries 
status of PFM was coded as 1 = caries present and 
0 = caries absent. No radiographs were used for 
ethical reasons.

Statistical analysis was performed using the 
Statistical Package for Social Sciences Program 
(SPSS® Inc., Version 26, Chicago, IL, USA). 
Categorical variables were presented as percentages 
and numbers (n). The Chi-square test of association 
was used to compare proportions. Normality was 
assessed using a graphical method and confirmed 
using the Kolmogorov–Smirnov test. Numerical data 
were presented as mean with standard deviations 
(Std), median, minimum (Min) and maximum 
(Max) values. The comparison of the mean number 
of erupted PFMs according to gender was done 
using the Mann-Whitney U test. The comparison 
of the mean number of erupted PFMs according to 
BMI was done using the Kruskal-Wallis test. For 
intra-examiner calibration, 5% of total children 
were reassessed one day after the first examination. 
The intra-examiner Cohen’s kappa value was found 
as 0.92 for evaluating the eruption stages. The level 
of significance was set at p<0.05.

Results

There was no patient loss at the end of the study 
and post-hoc analysis showed that the study was 
completed with a power value of 0.986 (Degree 
of freedom:518, Effect size:0.369). A total of 700 
patients who met the inclusion criteria were included 
in the study, divided by gender into 311 (44.4%) 
females and 389 (55.6%) males. The mean age of 
the children was 77.74±3.19 months. There were 
283 children (40.4%) in the normal weight group, 
180 children (25.7%) in the underweight group 
and 237 children (33.9%) in the overweight/obese 
group. The distribution of the groups according to 
gender was found to be statistically significant and 
was shown in Table 1 (p=0.000). 



34 Aydın Dental Journal - Volume 9 Issue 3 - December 2023 (31-38)

Table 1. The distribution of the BMI percentile of participants according to gender

Groups according 
to BMI percentile

Female  
%(n)

Male  
%(n)

Total 
%(n) p value

Underweight 2.9% (9) 44% (171) 25.7% (180) p=0.000
Normal weight Male 0.50 0.00*
Overweight 67.8% (211) 6.7% (26) 33.9% (237)

*Pearson Chi-square test, BMI: Body mass index

The mean number of fully erupted PFMs was 
1.4±1.65, partially erupted PFMs were 0.9±1.17, 
and unerupted PFMs were 1.7±1.87 per individual. 
According to gender, the mean number of fully 
erupted PFMs was 2.4±1.53 in females and 0.6±1.23 
in males. Females had more fully erupted PFMs than 
males, significantly (p=0.000), (Table 2).

The distribution of the mean number of PFMs 
according to BMI is shown in Table 3. Overweight 
children had more mean erupted PFMs than 
normal weight children (p=0.000), and normal-
weight children had more mean erupted PFMs 
than underweight children (p=0.000). Overweight 
children had no un-erupted PFM.

Table 2. The distribution of the eruption stages of PFMs according to gender

Eruption stages Gender Mean±Std Median (Min-Max)/ 
Mean rank Test statistics p value

Fully erupted PFM
FEMALE (n=311) 2.4±1.53 3 (0-4)/478.12

-16.114 p=0.000
MALE (n=389) 0.6±1.23 0 (0-4)/248.47

Partially erupted PFM
FEMALE (n=311) 1.3±1.36 1 (0-4)/416.16

-8.672 p=0.000
MALE (n=389) 0.5±0.83 0 (0-3)/298

Un-erupted PFM
FEMALE (n=311) 0.3±0.94 0 (0-4)/211.08

18.037 p=0.000
MALE (n=389) 2.9±1.62 4 (0-4)/461.97

*Mann-Whitney U test, Std:Standard deviation, Min:Minimum, Max:Maximum, PFM: Permanent first molar

Table 3. The distribution of the eruption stages of PFMs according to BMI

Eruption stages BMI percentile Mean±Std Median (Min-Max) Test statistics p value

Fully erupted PFM
Underweight (n=180) 0.1±0.22a 0 (0-1)

456.618 p=0.000Normal weight (n=283) 0.7±1.25b 0 (0-4)
Overweight (n=237) 3.2±0.97c 4 (1-4)

Partially erupted PFM
Underweight (n=180) 0.2±0.87A 0 (0-4)

119.634 p=0.000Normal weight (n=283) 1.3±1.27B 1 (0-3)
Overweight (n=237) 0.8±0.97C 0 (0-3)

Un-erupted PFM

Underweight (n=180) 3.8±0.89x 4 (0-4)

416.540 p=0.000Normal weight (n=283) 1.9±1.27y 2 (0-4)

Overweight (n=237) 0z 0 (0-0)

*Kruskal-Wallis test, Std=Standard deviation, Min=Minimum, Max=Maximum, PFM: Permanent first molar, BMI: Body mass index,  Each 
subscript letter (a-c, A-C, x-z), denotes a subset of group categories whose column properties differ significantly from each other at the 0.05 level.

The mean number of fully erupted PFMs was 
0.8±0.92 in the maxilla and 0.8±0.88 in the mandible. 
The mean number of fully erupted PFMs was found 
to be statistically different between the BMI groups 
in both the mandible and maxilla (p=0.000), (Table 
4). The mean number of fully erupted right PFMs 

was 0.7±0.89, and the mean number of fully erupted 
left PFMs was 0.7±0.84. 

The children’s mean dft score of the children was 
5.16 ±6.452. Of the partially erupted PFMs (n=601), 
0.7% had caries; of the fully erupted PFMs (n=972), 
4.8% had caries. 

Eruption stages of permanent first molars 
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Table 4.  The distribution of the fully erupted maxillary and mandibular PFMs according to BMI.

Eruption stages BMI percentile Mean±Std Median (Min-Max) Test statistics p value

Fully erupted 
maxillary PFM

Underweight (n=180) 0.1±0.22a 0 (0-1)
466.04 p=0.000Normal weight (n=283) 0.4±0.68b 0 (0-2)

Overweight (n=237) 1.8±0.42c 2 (1-2)

Fully erupted 
mandibular PFM

Underweight (n=180) 0A 0 (0-0)
277.815 p=0.000Normal weight (n=283) 0.7±0.94B 0 (0-2)

Overweight (n=237) 1.5±0.73C 2 (0-2)

*Kruskal-Wallis test, PFM: Permanent first molar, Each subscript letter (a-c, A-C), denotes a subset of group categories whose column properties 
differ significantly from each other at the 0.05 level.

Discussion

The eruption time of the PFMs, which have a very 
important place in many areas such as function, 
supporting facial structure, and occlusion in 
children, can be affected by many factors.  Some 
of the previous studies have reported that there may 
be a relationship between the eruption of PFMs 
and BMI. However, in most of these studies, the 
results were interpreted based on the total number of 
erupted permanent teeth, and eruption stages were 
not included, but only categorized as erupted or 
unerupted.10,13-18 Also, in the accessible literature 
no study was found to assess the relationship 
between BMI and eruption time of PFMs among a 
group of children living in Turkey.  In this study, 
the eruption stages of PFMs in a group of 6-year-
old children living in Afyonkarahisar province in 
Turkey were evaluated according to the BMI of the 
children and it was found that there was a difference 
between the eruption stages of PFMs according to 
the BMI of the children. Thus, the null hypothesis 
(H0) was rejected.

The eruption times of PFMs were at about the 6th year 
of age but can be changed in different populations. 
In Denmark, the eruption of PFM begins at the age 
of 5.2, while 7.3 in Northern Ireland.25,27 Studies 
conducted in Turkey have found that the first 
emergence of the PFM is between the ages of 5.9 
and 6.9.5-7 So, only six-year-old children (72-84 
months) were selected for the study to standardize 
the age factor. 

One of the critical factors involved in the timing of 
tooth eruption is gender.7,28,29 In the studies carried 
out in Turkey, the eruption times of the permanent 
teeth were earlier in females than in males.6,7 In the 
present study, females had more fully erupted PFMs 
than males, similar to previous literature.3,30-32 The 
age of eruption has gender differences potentially 
caused by hormonal changes, genetics, and diet.27,28 

This study reinforces previous findings that females 
are more overweight than males, which may 
contribute to early tooth eruption.31,32 

The number of fully erupted PFMs was positively 
associated with BMI in our population. Overweight/
obese children had a significantly higher number 
of fully erupted PFMs compared to normal-weight 
and underweight children. These findings concur 
with the previous studies.3,8,34 Must et al., found 
that obese children were more likely to have a high 
number of erupted teeth than non-obese children.10 
In a longitudinal study, it was found that among 110 
Mexican children, obese children had more erupted 
teeth than non-obese children after accounting for 
gender and age at baseline.15 Moreover, Eid et al. 
found no significant correlation between dental 
maturation and BMI in 6-14 years old Brazilian 
children.35  The different results can be attributed to 
different study methods, ethnicity, or the age of the 
study population.

Psoter et al. stated that chronic malnutrition 
extending beyond early childhood is correlated with 
delayed tooth eruption.9 In this study, all six-year-
old underweight children had almost no fully erupted 
PFMs. The finding that decreased BMI is associated 
with delayed emergence is also in agreement with 
the study of Kjellberg et al.36 

In the present study, the mean number of fully 
erupted PFMs was similar among the localization 
(both mandible, maxilla, and right/left side) of the 
jaws. But different from the studies that reported 
that the mandibular teeth erupted earlier.27,29,37 The 
different results can be attributed to the method of 
the study and racial differences.

Nutrition, socioeconomic status, fluoride intake, 
caries, premature extraction of primary teeth, gender, 
and environmental factors affect permanent tooth 
eruption.34,38 To eliminate significant variables, this 
study selected children living in the same region. 

Topal B. G. , et. al
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However, tooth eruption is a complex process, and 
as such, this study is limited in its ability to exclude 
the involvement of other potentially contributing 
factors. Longitudinal studies in large populations, 
in which all factors are considered, are therefore 
needed in future studies. It is possible to determine 
the status of tooth eruption either through clinical 
observation or radiography. In this cross-sectional 
study, only a clinical examination was done due to 
ethical reasons. Therefore, the study is limited as it 
only evaluates clinical eruption stages and does not 
include dental development of teeth.

Conclusion

Within the limitations of the study, it was found 
that overweight/obese children included in the 
study had more fully erupted PFMs than normal-
weight children, and fewer PFMs were fully erupted 
in underweight children than in normal-weight 
children. The results have important implications 
for pediatric dentistry, orthodontics, forensic 
studies, and anthropology. It is essential for a 
thorough diagnosis, treatment planning, preventive 
and therapeutic interventions. Preventive dental 
procedures may sometimes need to occur at earlier 
chronologic ages, on average, in overweight/obese 
children than in their normal-weight counterparts.
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