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AssTraCT: The time of eruption and the number of permanent teeth together with the time of sexual
maturation and ossification of the skeleton are important indicators of the biological maturity and health
of children. The aim is to evaluate the eruption of permanent teeth in Bulgarian children aged 5-12 years
and to assess its relationship with age and sex. The present cross-sectional study included 709 individ-
uals from 5 to 12 years. The oral and dental status was checked and included the number of erupted
teeth (NET). Statistical analyses were performed to compare the sexes and ages. Statistically significant
differences between sexes are observed only in teeth 17, 27, 33 and 43. The sequence of tooth eruption
was examined, and it is almost identical in male and female subadults. Mandibular teeth erupt earlier than
maxillary teeth, excluding first premolars for both sexes and canines in males. Females have earlier tooth
eruption and more permanent teeth compared to males. A significant association between age and NET
is established. Sex does not have a significant effect on tooth eruption. The time of eruption of permanent
teeth is influenced significantly by age, but not by sex in our sample. Differences between males and fe-
males are found in the sequence of eruption only of canines and premolars. Females tend to have earlier
tooth eruption and more erupted teeth. Lower teeth erupt earlier than upper teeth, excluding first premolars
in both sexes and canines in males.
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Introduction

The time of eruption and the number
of permanent teeth (NET) together
with the time of sexual maturation and
ossification of the skeleton are important
indicators of the biological maturity and
health of children (Nikolova et al. 2023).
Tooth eruption is a long physiological pro-
cess during which the forming tooth pen-
etrates the oral mucosa, and the incisal
edge or tip of a cusp is seen in the oral
cavity (Peneva et al. 2009:141-2). As an
indicator of the development of the max-
illofacial complex, tooth eruption is used
in dentistry to evaluate disturbances in the
process of eruption and to determine mea-
sures and prepare plans for treatment and
optimize children’s oral health (Leroy et al.
2003; Wright 2010; Kutesa et al. 2013).

In forensic odontology and paleoan-
thropology, the formation and eruption of
teeth are used to identify human remains
and to estimate age and diet of individuals.
Factors which are used for determination
of dental age are degrees of formation of
unerupted teeth, clinical eruption, degree
of completion of roots of erupted teeth, de-
gree of resorption of deciduous teeth, which
are all part of the process of tooth erup-
tion (Jayakrishnan et al. 2021). Several
anthropological studies have shown that
the time of eruption of permanent teeth
varies between different populations. A lot
of factors influence this process, including
genetics, hormones, age, sex, ethnicity, so-
cioeconomic status, nutrition, craniofacial
morphology, pathology (e.g., Almonaitiene
et al. 2010; Kutesa et al. 2013; Kurosa-
ka et al. 2022:159-164).

Eruption of permanent teeth follows
a specific sequence, and it is related to
the age of the individual. It is clinically
observed at the age of 6 and ends around
12 years of age for permanent teeth (Pene-

va et al. 2009; Paz-Cortés et al. 2022). In
Bulgaria, there are few studies investigating
the time and sequence of dental eruption
and its relationships with different factors
(Peneva 1978; Mladenova 2003; Tineshev
2009). The importance of the present
study is to provide new data on the mean
age and sequence of eruption of permanent
teeth in Bulgarian children. The aim is to
evaluate the eruption of permanent teeth
in Bulgarian children aged 5-12 years and
to assess its relationship with age and sex.

Materials and methods

A total of 709 children from 4 kindergar-
tens and 11 schools, were investigated
during the period 2020-2023 by the first
author. This study received ethics ap-
proval by the Ethical Committee of the

Institute of Experimental Morphology,

Pathology and Anthropology with Mu-

seum - Bulgarian Academy of Sciences

(Protocol 10/08.07.2020). Before start-

ing the examination, information about

the purpose of the study was given and
written informed consent was obtained.

The study was conducted in accordance

with the principles of the Declaration of

Helsinki for human studies (World Med-

ical Association 2008) (see details in the

Ethics Statement below). The individu-

als/participants were randomly selected

according to the following criteria:

e Inclusion criteria: Children aged 5-12
years in good physical and psycholog-
ical health; informed written consent
given by parents or guardians.

* Exclusion criteria: children with sys-
temic and chronic diseases and lack
of age data.

The examination was performed in the
medical rooms in the schools and kinder-
gartens. The oral and dental status was
checked directly by intraoral examination
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with a dental mirror and a probe under
artificial light. Permanent teeth were cate-
gorized into two grades: 1 — erupted and 0
—unerupted, and all erupted teeth were as-
sessed for each child. The tooth was regis-
tered as erupted when any part of the clini-
cal crown was present inside the oral cavity.
The number of erupted permanent teeth
was evaluated for the studied age groups.

Data were analyzed using Statistical
Package for Social Sciences (SPSS Inc, ver-
sion 16.0 for Windows, IBM Corp Chi-
cago, IL, USA). Pearson Chi-square test,
Cramer’s V and Odds ratio were used to
study the association between age, sex
and eruption of permanent teeth. Binary
Logistic Regression also was performed.
The Student’s t-test and One-Way ANO-
VA (with post hoc Scheffe multiple com-

Table 1. Mean age of tooth eruption by sex and jaw

parison procedures) were applied to esti-
mate differences between sexes and age
groups. The differences were considered
statistically significant at p<0.05.

Results

The present cross-sectional study includ-
ed 361 (50.9 %) male and 348 (49.1 %)
female subadults. The examined partici-
pants did not differ significantly in mean
age (males — 8.79 (£ 2.20) and females
- 8.68 (+ 2.20) years, p>0.05 ). The av-
erage age of tooth eruption is presented
on Table 1. Statistically significant dif-
ferences between sexes are observed only
in teeth 17, 27, 33 and 43 /upper second
molars and lower canines/, which erupt-
ed earlier in females (p < 0.05).

Males

Females T-test (p value)

319
Maxilla
Right (I) Left (II) Tooth Right (I) Left (II)
6.53 6.67 1 6.64 6.64
7.38 7.49 2/ 1* 7.34 7.35
10.18 10.26 3/C 10.36 10.45
9.22 9.37 4/ P! 9.37 9.37 17 -.039%; 27 - .023*
10.29 10.38 5/ p? 10.32 10.27
6.45 6.47 6/ M! 6.50 6.48
12.09 12.20 7/ M? 11.89 11.84
Mandibula
Right (IV) Left (I11) Tooth Right (IV) Left (I11)
6.37 6.36 11, 6.27 6.28
7.38 7.36 2/1, 7.30 7.29
10.24 10.39 3/C 10.15 10.11
9.31 9.44 4/ P, 9.38 9.38 33-.027*; 43 - .004*
10.14 10.22 5/P, 10.30 10.32
6.40 6.38 6/ M, 6.42 6.37
11.87 11.82 7/ M, 11.76 11.73

Level of significance: * p<0.05
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The sequence of tooth eruption is al-
most identical in male and female indi-
viduals and is as follows:

Inmales: I, M, M", T', I,
C!, C, P4, M, M2

In females: I, M, M', I, T,
C, P, P, C, M, M

Mandibular teeth erupt earlier than
the maxillary teeth, excluding first pre-
molars for both sexes and canines in
males. Differences are observed only
in the eruption of the premolars and ca-
nines. In males, teeth 35 and 45 erupt
before the canines followed by upper pre-
molars, while in females, teeth 33 and
43 erupt before the premolars followed
by upper canines.

During the studied age period females
have earlier tooth eruption and more per-
manent teeth compared to males. The
mean number of erupted teeth varied be-
tween 1.36 (x 1.27) at the age of 5 and
26.03 (+ 2.41) at the age of 12. In males

I, P, P, P,

L, P, P,

30.00
25.00
20.00
15.00
10.00

5.00

0.00

girls
boys
girls
boys

the mean number of erupted teeth is
lower and varied between 1.84 (+ 2.84)
and 25.60 (* 3.4). A significantly high-
er NET in females is observed in the age
groups 7, 10 and 11 years (Fig. 1).

A significant association between age
and NET is established (y*(7, N = 709) =
352.08,p < 0.0001, Cramer’s V = 0.705,).
This is the reason to consider that age is an
important factor in tooth eruption. The re-
sults from logistic regression model show
that older age has a significant role in tooth
eruption (OR=14.420, p < 0.0001, 95 %
CI (7.583-27.422)). For every year increase
in age the odds are 14.4 times larger.

Unlike age, sex does not significantly
affect tooth eruption (¥(1, N = 709) =
0.039, p = 0.843, Cramer’s V = 0.007).
The null hypothesis that the two varia-
bles are independent of each other cannot
be rejected. The females and males seem
to have nearly equal odds (OR = 1.05) of
erupted teeth (Table 2).

girls
boys
girls
boys
girls
boys
girls
boys
girls

9y 10y 11y 12y

age

Fig. 1. Number of erupted teeth according to age and sex
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Table 2. Percentage of erupted and unerupted teeth
in 5-12-year-old children

Permanent teeth

er}f;; d Erupted Total

Sex  Males n 39 322 361
% 10.8%  89.2% 100.0%

Females n 36 312 348
% 10.3%  89.7% 100.0%
Total n 75 634 709
% 10.6%  89.4% 100.0%
Discussion

Tooth eruption is an essential part of
children’s growth and development. It is
genetically determined and X chromo-
some linked inheritance. Reduplication
in the X chromosome in females can
be associate with higher intra individu-
al correlations between factors of tooth
eruption (Garn et al. 1965).

Some authors have established earlier
tooth eruption and more erupted teeth in
females at ages 6 to 14 in comparison to
males (Amidu et al. 2013; Sheetal et al.
2013:178-80; Oznurhan et al. 2016;
Hassan and Shahid 2018). In our study
the average age of tooth eruption is almost
identical for both sexes, but eruption in
females started earlier than in males. Our
data show that the first teeth to erupt in
both sexes are the lower central incisors
(31, 41). The biggest difference, between
the two sexes is found in canines — 4 to
6 months earlier eruption in females.
Bayrak et al. (2012) present results that
show difference in the eruption times
between males and females up to 18
months. In the study conducted by Wedl
(2004) the eruption times of the incisors
in both sexes are lower compared to our
results, but all other examined teeth have

higher mean age of eruption. Kapusi-
Papp et al. (2023) also found statistically
significant earlier mean eruption times
for all teeth in females than in males,
except for the mandibular central inci-
sors. The difference varies from 1.9 up
to 8.9 months. According to Eskeli et al.
(2016) and Sindelafova et al. (2018) there
were significant differences in the erup-
tion status between both sexes in Fin-
land and Czech populations, respectively.
Rehmawati et al. (2022) established dif-
ferences between males and females only
in the eruption of teeth 16, 26, 36 and 46.
Earlier physical development in females
is a factor that determines their earlier
tooth eruption (Paz-Cortés et al. 2022).
Expression of genes coded in the Y-chro-
mosome is believed to be connected with
delayed skeletal maturity and tooth erup-
tion in males (Nassif and Sfeir 2020).

The first clinically visible stage of the
process of eruption is the penetration
through the oral mucosa of the tip of the
dental crown and is associated with
the formation of enamel and dentin lay-
ers (Kutesa et al. 2013).

Aris et al. (2020) examined daily se-
cretion rates (DSRs) of enamel in ante-
rior teeth in males and females from
ancient and modern British populations.
They did not find differences in enamel
DSRs between male and female groups,
but comparing the different British popu-
lations the authors observed significantly
delayed enamel DSRs in the modern-day
populations compared to ancient ones.
Those results are leading to the con-
clusion that the process of forming the
enamel is not determined by sex differ-
ences in tooth eruption and sequence
of eruption. Aris (2022) also compared
enamel DSRs in anterior and posterior
teeth and did not find any trend in which
teeth tend to grow faster.



50 Boyan V. Kirilov, Ivaila Y. Ivanova-Pandourska, Yanitsa V. Zhecheva

The timing of tooth eruption varies
among different populations. Baka pyg-
my individuals are found to have the
earliest tooth eruption compared to oth-
er human populations (Ramirez Rozzi
2016). Olze et al. (2007) in their study
compared eruption of wisdom teeth in
individuals from different ethnicities.
They found that black South African pop-
ulation are reaching eruption stages fast-
er than the other examined populations
and Japanese are the slowest. Examining
the mean eruption times in males and
females aged 4-15 years from Uganda
Kutesa et al. (2013) established that the
values were comparable to Ghanaian and
Nigerian children but lower than these of
subadults from Belgium, USA, Australia,
Iran and Pakistan.

Differences between sexes are also ob-
served in the sequence of dental eruption.
Females, more frequently than males,
are found to have the most common se-
quence of eruption (Suri et al. 2004; Pe-
neva et al. 2009; Arid et al. 2017; Reis
et al. 2021; Kurosaka et al. 2022), in
which lower teeth erupt earlier than the
upper ones (Mladenova 2003; Amidu
et al. 2013; Nikolova et al. 2023). Our re-
sults show that the eruption in both sex-
es starts with the lower central incisors,
after them lower first molars erupt, upper
first molars, upper central incisors, low-
er lateral incisors, upper lateral incisors,
upper first premolar, lower fist premolar.
Difference is observed in the sequence of
eruption of second premolars and canines
— for males the order of eruption is: lower
second premolars, upper canines, lower
canines, upper second premolars and for
females — lower canines, lower second
premolars, upper second premolars and
upper canines. After that, tooth eruption
is similar for both sexes and continues
with lower second molars and upper

second premolars. For both females and
males is valid eruption firstly of the low-
er teeth and after them the upper, with
the exclusion of first premolars for both
sexes and canines in males which erupt
firstly in upper jaw.

Our results contrast with the stud-
ies by Peneva (1978), Mladenova (2003)
and Nikolova et al. (2023) on Bulgarian
children. According to these authors the
first teeth to erupt are the lower first
molars followed by the incisors. Other
differences are established in the erup-
tion of the premolars and canines. The
sequence described by Peneva (1978) for
males is: lower first premolars, lower ca-
nines, upper canines, upper second pre-
molars, lower second premolars and for
females it is: lower canines, lower first
premolars, upper second premolars, up-
per canines, lower second premolars,
which quite differs from our results.
Earlier tooth eruption in the lower jaw,
excluding premolars, is found by Pene-
va (1978). This conclusion is based on
the earlier development of lower tooth
germs and the more active mandible
in the process of mastication. Our re-
sults for the sequence of eruption of the
permanent teeth are similar to results
presented by Oznurhan et al (2016)
— the difference is in upper canines,
which erupt later than second premo-
lar in males and lower canines which
erupt earlier than the first and second
premolar. Almost identical difference is
found in the study done by Nassif and
Sfeir (2020). In their study difference
between the sexes is not presented and
again upper canines erupt later than
premolars and lower canines. A similar
sequence is found in the study made by
Bayrak et al. (2012) and Kapusi-Papp
et al. (2023) who reported that the low-
er canine erupts earlier than the lower
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premolar. In their study, no difference is
established between the sexes in erup-
tion of permanent teeth of lower jaw.

Conclusion

The time of eruption of permanent teeth
is influenced significantly by age, but not
by sex. Differences between males and fe-
males are found in the sequence of erup-
tion only of canines and premolars. Fe-
males tend to have earlier tooth eruption
and more erupted teeth during the age
period 5-12 years. Lower teeth are erupt-
ing earlier than the upper, excluding first
premolars for both sexes and canines in
males.

The results present contemporary
view of tooth eruption in Bulgarian chil-
dren, which can be used from a variety
of clinicians such as orthodontists, pedi-
atric dentists, pediatricians and forensic
pathologists.
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