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Abstract

Background: Tooth development in children with a healthy tooth structure can be
determined using dental age estimation methods; however, the accuracy of these
methods in children with molar-incisor hypomineralization (MIH) remains uncertain.
The purpose of this study was to assess tooth development in children with MIH using
the Cameriere and Haavikko methods and to determine the accuracy of these methods.
Methods: Panoramic radiographs of 136 children (8—12 years) with MIH (Group 1) and
140 matched controls (Group 2) were obtained. Dental age was determined using the
Cameriere and Haavikko methods. The mean differences between chronological age
and dental age were analyzed in Groups 1 and 2. Results: Dental age, estimated using
the Cameriere and Haavikko methods, did not show a statistically significant difference
between the groups (p > 0.05). In both groups, the Cameriere and Haavikko methods
underestimated dental age by 0.2 and 0.5 years, respectively (p < 0.05). The Haavikko
method was more accurate in dental age estimation in both groups. Conclusions: This
study found that MIH did not impact tooth development and that the Haavikko method
was more reliable in dental age estimation regardless of the presence of MIH. Clinical
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1. Introduction

Molar-incisor hypomineralization (MIH) is a developmental
enamel defect that affects one or more permanent first mo-
lars and, often, permanent incisors. Clinically, these defects
present as opacities ranging in color from cream and white to
yellow and brown [1].

Epidemiological studies conducted worldwide have
reported that the prevalence of MIH, as diagnosed under the
criteria determined by the European Academy of Paediatric
Dentistry (EAPD), ranges from 2.8% to 40.2% [2, 3].
Although EAPD criteria are widely used, the prevalence of
this defect is often underestimated due to the varying criteria
used in epidemiological studies. It has been reported that an
estimated 878 million people worldwide suffer from MIH,
with 17.5 million new cases reported each year [4].

Despite extensive research efforts, the etiology and patho-
genesis of MIH, a common condition worldwide, remain un-
clear. The prevailing view is that the ameloblasts responsible
for enamel formation during amelogenesis are damaged due to
various factors and deviations [5]. In response to this view,
the mineralization-poisoning model was posited by Hubbard
et al. [6]. This model is based on the discovery of serum

albumin in biochemical analyses of hypomineralized perma-
nent first molars on the contrary normal healthy enamel [7].
Generally, these discoveries suggest that localized failure in
enamel hardening is due to developmental exposure to serum
albumin, which “poisons” the growth of mineral crystals [6—
9].  Childhood illness is thought to be among the factors
that cause injuries to ameloblasts, which is the prevailing
view on the etiology of MIH [5]. In the newly proposed
mineralization-poisoning model, a connection with childhood
illness was established when the source of serum albumin was
evaluated [5, 6]. The childhood illness, which is included in
both etiological views, may also affect tooth development [ 10].

Various methods are used to determine tooth development
in children. Some methods evaluate the mineralization and
eruption stages of teeth on panoramic radiographs because
they are simple, reproducible, and reliable [11, 12]. The
Demirjian, Nolla, Williems, Cameriere, Haavikko and London
Atlas methods have been evaluated in the Turkish population
in studies that emphasize population-specific characteristics
[13—16]. The Cameriere method involves a measurement
approach based on the ratio of the open apices to the total
length of the teeth [17]. The Haavikko method, developed
in 1974, relies on the assessment of tooth calcification by
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evaluating one of 12 radiological developmental stages [18].
This method is especially recommended for children with
mineralization disorders such as amelogenesis imperfecta (Al)
and dental agenesis [19]. Although dental age estimation
studies are generally conducted on children with an healthy
tooth structure, the usability of the Cameriere and Haavikko
methods in children with enamel developmental disorders is
stand out [19-21]. However, the accuracy of these methods
in children with MIH remains uncertain due to the limited
information available in the literature [21, 22].

The aim of this study was to evaluate tooth development in
children with MIH using the Cameriere and Haavikko methods
on panoramic radiographs and to evaluate the accuracy of these
methods. The null hypotheses are as follows: (1) There is no
difference in tooth development between children with MIH
and children with healthy tooth structure. (2) The Cameriere
and Haavikko methods estimate dental age with the same
accuracy.

2. Materials and methods

Approval for this study was obtained from the Clinical Re-
search Ethics Committee of the Faculty of Medicine at Tokat
Gaziosmanpasa University (Approval No. 23-KAEK-113, 11
May 2023). This study was conducted in accordance with the
principles of the Declaration of Helsinki and complies with
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

The sample was determined using G*Power version 3.1.9.2
(Heinrich-Heine-University, Diisseldorf, NRW, Germany).
An independent #-test was performed with a significance
level of 0.05, a power of 95%, and an effect size of 0.397.
According to these parameters, a minimum of 276 participants
was necessary for the study [21].

This study was designed to evaluate tooth development in a
cohort of children aged 8-12 years diagnosed with MIH who
sought dental examinations or treatment at the Department of
Pediatric Dentistry, Faculty of Dentistry, Tokat Gaziosmanpasa
University between 01 June 2023 and 01 June 2024.

The study group (Group 1) consisted of children selected
according to sex and chronological age; it consisted of children
diagnosed with MIH following a dental examination. The
control group (Group 2) consisted of children selected to match
the MIH cases according to sex and chronological age, without
signs of hypomineralization and with completely healthy teeth.

The inclusion criteria for both groups were as follows: hav-
ing parental consent and high-quality panoramic radiographs
adequate for tooth development evaluation. The exclusion
criteria were as follows: developmental enamel defects (e.g.,
Al or dental fluorosis) caused by local trauma or systemic
conditions, tooth agenesis or hyperdontia, and receiving or-
thodontic treatment.

All dental assessments were performed by a pediatric den-
tist (CBN) with 10 years of experience. Examinations were
performed in the Department of Pediatric Dentistry using a
standard mouth mirror and dental probe under a reflector in the
dental unit. The diagnosis of MIH was determined according
to the diagnostic criteria recommended by the EAPD [3]. After
clinical examination, panoramic radiographs were taken from
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patients who required radiography for diagnosis and treatment
and were recorded. Treatment plans for patients with MIH
were created according to the clinical flow independent of the
study.

The children’s chronological age was determined using Mi-
crosoft Excel 2016 (Microsoft, Redmond, WA, USA) and the
following formula:

[(date of panoramic radiography) — (documented date of
birth)]/365.25

Tooth development was determined on panoramic radio-
graphs taken with a single device (J. Morita Mfg. Corp.,
Kyoto, Japan) using the Cameriere and Haavikko methods
[17,18]. Inthe Cameriere method, dental age was estimated by
measuring the distances between the open apices and from the
cusp to the root apex of the seven permanent mandibular teeth
(excluding the third molars) on the left side. For single-rooted
teeth, a single measurement was taken for the open apex, while
for multi-rooted teeth, separate measurements were taken for
each root. The number of teeth with completely closed apices
was recorded as No. All measurements were analyzed at
200x magnification with ImageJ software (Maryland, USA).
The analyzed data were then transformed to age according to
Cameriere’s Excel formula [17]. The calcification status of
seven permanent mandibular teeth on the left side, excluding
the third molars, was evaluated according to Haavikko’s cal-
cification diagrams. The degree of calcification of each tooth
was then converted to age using Haavikko’s sex-specific tables
[18].

Radiographic calibration for the dental age estimation was
performed by researchers (CBN and EE) who were blinded
to the participants’ age and sex. To establish interobserver
reliability, a random subset of 28 radiographs (10% of the
sample) was evaluated by both researchers. Intraobserver
reliability was evaluated by having the researchers reassess the
same radiographs after a two-week interval.

The data were analyzed using IBM SPSS Statistics for
Windows version 26.0 (SPSS Inc., Chicago, IL, USA). The
data from the two dental age estimation methods were analyzed
according to age and sex in Groups 1 and 2. Normality was
checked using the Kolmogorov-Smirnov test. The relationship
between chronological age and dental age was assessed using
the Spearman correlation coefficient. A paired samples ¢-test
and a Wilcoxon signed-rank test were used to determine the
differences between chronological age and dental age. An
independent samples #-test and Mann-Whitney U test were
used to compare chronological age and dental age between the
groups. Inter- and intraobserver reliability were determined by
calculating the intraclass correlation coefficient (ICC). Statis-
tical significance was set at p < 0.05.

3. Results

The ICC values for both inter- and intraobserver reliability of
dental age estimation were 0.98 and 0.97 for the Cameriere
method and 0.95 and 0.92 for the Haavikko method, respec-
tively, indicating high reliability, with no statistically signifi-
cant difference between the methods.
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Among the 153 children diagnosed with MIH during the
dental examination, three were excluded due to the presence
of systemic diseases, 12 due to tooth agenesis, and two due
to insufficient panoramic radiograph quality. A total of 276
children aged 8-12 years, 136 in Group 1 and 140 in Group
2, were included in the study. The distribution of children
according to group, chronological age, and sex is shown in

Table 1.

Chronological and dental ages determined using the
Cameriere and Haavikko methods were analyzed for Groups
1 and 2. There was no statistically significant difference
between the groups in their dental ages estimated using the
Cameriere and Haavikko methods (p = 0.785 and p = 0.611,
respectively; Table 2).

TABLE 1. Distribution of children according to the group, chronological age and sex.

Chronological age groups

&) Group 1

Female Male

n (%) n (%)
8-8.99 14 (10.3%) 14 (10.3%)
9-9.99 14 (10.3%) 14 (10.3%)
10-10.99 14 (10.3%) 14 (10.3%)
11-11.99 14 (10.3%) 12 (8.8%)
12-12.99 12 (8.8%) 14 (10.3%)
Total 136 (49.3%)

n (%) for categorical data.

Group 2 Total

Female Male

n (%) n (%)
14 (10.0%) 14 (10.0%) 56 (20.3%)
14 (10.0%) 14 (10.0%) 56 (20.3%)
14 (10.0%) 14 (10.0%) 56 (20.3%)
14 (10.0%) 14 (10.0%) 54 (19.6%)
14 (10.0%) 14 (10.0%) 54 (19.6%)

140 (50.7%) 276 (100.1%)

TABLE 2. Evaluation of dental development of Group 1 and 2 according to sex and dental age estimation methods.

Sex Group 1
CA

Female 105+14

Male 104+ 14

Total 104+ 14
C

Female 105£1.5

Male 99+13

Total 102 £ 14
H

Female 10.0 £ 1.7

Male 9.6 £ 1.7

Total 9.8 £1.7

Group 2 p
10.5+ 1.5 0.964¢
104+ 1.5 0.977%
104+1.5 0.972b
102 + 1.6 0.378°
10.0+ 1.5 0.568¢
10.1 £ 1.6 0.785%
98+ 1.7 0.653b
10.0+ 1.9 0.276°
99+1.8 0.611°

CA: Chronological age; C: Cameriere method; H: Haavikko method.

Statistically significant at p-value < 0.05.

The data are presented as the mean * standard deviation (SD) for continuous data.

@: The p-value was obtained by the independent t-test.
b: The p-value was obtained by the Mann-Whitney U Test.



In Group 1, the Cameriere and Haavikko methods underesti-
mated dental age by 0.2 and 0.5 years, respectively, compared
to chronological age (p < 0.05). In Group 2, these methods
underestimated dental age by 0.3 and 0.5 years, respectively
(p < 0.05). The details of the data obtained from both groups
according to sex are provided in Table 3.

In females, a significant difference was found between the
mean dental age determined by the Cameriere method and
chronological age in the 8-8.99 and 9-9.99 age groups of
Group 1 (p < 0.05). In Group 1, dental age was underestimated
by 0.2 years only in the 12—-12.99 age group, while it was
overestimated by 0-0.2 years in other age groups. In Group 2,
dental age was consistently underestimated by 0.1-0.4 years
across all age groups. The Haavikko method also revealed
significant differences between chronological and dental age
in various age groups of both groups, with dental age being
underestimated by 0.3—0.7 years in Group 1 and 0.3-0.9 years
in Group 2 (p < 0.05; Table 4).

In males, significant differences were observed between
chronological and dental age determined using the Cameriere
method in Group 1 at ages 10-10.99, 11-11.99 and 12-12.99
(p < 0.05) and in Group 2 at ages 9-9.99, 10-10.99, 11—
11.99 and 12-12.99 (p < 0.05). In Group 1, dental age was
underestimated by 0.1-0.8 years in all age group (p < 0.05).
In Group 2, no statistically significant difference was observed
between dental and chronological age in the 8-8.99 age group
(p > 0.05), and dental age was underestimated by 0.3—0.8 years
in the other age groups (p < 0.05). Statistically significant
differences were found between chronological age and mean
Haavikko dental age in all age groups of Group 1 and in the
9-9.99 and 10-10.99 age groups of Group 2 (p < 0.05). In
Group 1, dental age was found to be 0.5-1.2 years lower than
chronological age (p < 0.05). In Group 2, dental age was
found to be 0.5-0.8 years lower than chronological age in the
8-8.99, 9-9.99 and 10-10.99 age groups, while no significant
differences were observed between dental and chronological
age in the 11-11.99 and 12-12.99 age groups (p > 0.05;
Table 5).

When agreement between dental and chronological age was
evaluated based on sex and the methods used for dental age
estimation between the groups, the Cameriere and Haavikko
methods showed the same accuracy for females in Group 1,
while the Haavikko method was identified as more accurate for
males. When the Haavikko method was considered without
sex discrimination, it yielded more accurate results in both
groups (Table 6).

4. Discussion

MIH has become a significant concern in pediatric dentistry
due to its uncertain etiology, high prevalence, challenging clin-
ical management and limited evidence-based treatment options
[23, 24]. In light of this, there is a need for a better under-
standing of the etiology and characteristics of MIH, although
it is a highly debated topic in the current literature. The aim
of this study was to investigate tooth development in children
with MIH. This study is the first assessment of the effects of
MIH on tooth development in Turkish children in the northern
region using the Cameriere and Haavikko methods.
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Many different methods have been used to estimate dental
age in children from different regions of Turkey. Tunc and
Koyuturk [13] reported that dental age determined using the
Demirjian method overestimated dental age and concluded that
it is not suitable for children in northern Turkey. Gulsahi ef al.
[14] tested the Cameriere method on radiographs of Turkish
children and concluded that it can be utilized for age estimation
[25]. In a study conducted on a similar population, Hato et
al. [15] estimated dental age in northeastern Turkish children
using several dental age estimation methods (Nolla, Willems
and Cameriere) and concluded that the Cameriere method
provided the most accurate results. Comparing the different
dental age estimation methods (London Atlas, Haavikko and
Cameriere) in Turkish children, Sezer and Carik¢ioglu [16]
reported that the Haavikko method provided more accurate
results in children living in northern Turkey. In research as-
sessing tooth development in children with enamel defects, the
Cameriere and Haavikko methods were observed to be promi-
nent [19, 21]. Therefore, both the Cameriere and Haavikko
methods, whose applicability and reproducibility have been
separately validated in previous studies, were used in this
study.

Studies evaluating tooth development in children with Al,
an enamel defect of genetic origin, were analyzed [19, 20, 26].
While Aren et al. [20] stated that there was a delay in tooth
development in children with Al, Seow [26] revealed that there
was acceleration in tooth development. According to a study
conducted by Kirzioglu et al. [19], tooth development was not
affected in children with Al Tunc et al. [22] evaluated tooth
development using the Demirjian method in children with
severe MIH and reported no statistically significant differences
in tooth development between children with MIH and children
with healthy tooth structure. Sezer ef al. [21] reported that
whereas the Willems method identified slower tooth develop-
ment in children with MIH, the London Atlas and Cameriere
methods identified no differences in tooth development be-
tween the two groups. In line with the limited existing litera-
ture on developmental enamel defects, particularly MIH, using
the Cameriere and Haavikko methods, we found no statistically
significant difference in tooth development between children
with MIH and those with healthy tooth structure. Therefore,
the first null hypothesis that there would be no difference
between these two groups in terms of tooth development is
accepted.

As the gap between chronological age and estimated dental
age narrows, the reliability and thus the effectiveness of the es-
timation method increases. We found a statistically significant
difference between dental age estimated using the Cameriere
and Haavikko methods and chronological age. Dental age
estimates in children with MIH were 0.2 and 0.5 years behind
the chronological age, whereas in children with healthy tooth
structure, they were 0.3 and 0.5 years behind (according to the
Cameriere and Haavikko methods, respectively). Tunc et al.
[22] found that dental age was estimated to be 0.5 years behind
chronological age in the MIH group and 0.6 years behind in the
control group.



TABLE 3. Comparison of chronological age and dental age estimated by Cameriere and Haavikko methods according to groups and sex.

Sex Group 1 Group 2
CA DA AAge CA DA AAge
Methods Med (Min—-Max) Med (Min—-Max) Med (Min—Max) P Methods Med (Min—-Max) Med (Min—-Max) Med (Min—-Max) P
Female
C 10.2 (7.8-12.8) 0.1 (-1.9-1.7) 0.682 10.2 (7.1-12.9)  —0.2 (-1.9-1.5) 0.001
10.6 (8-12.8) 10.6 (8.1-13.0)
H 10.3 (6.5-12.5) -0.3(-2.6-1.1) <0.001 10.3 (6.5-12.5) —0.5(-2.2-1.2) <0.001
Male
C 9.9 (6.9-13.3) —0.6 (-2.0-1.6) <0.001 10.1 (7.5-13.2)  —0.3 (-2.1-2.0) <0.001
10.3 (8-12.7) 10.2 (8.0-12.9)
H 9.4 (6.5-13.4) -0.8 (=2.3-0.7) <0.001 9.7 (6.9-13.4) —0.5 (-2.5-2.2) <0.001
Total
C 10.0 (6.9-13.3)  —0.2 (-2.0-1.7) 0.001 10.1 (7.1-13.2)  —0.3 (-2.1-2.0) <0.001
10.5 (8-12.8) 10.5 (8.0-13.0)
H 9.8 (6.5-13.4) -0.5 (-2.6-1.1) <0.001 9.9 (6.5-13.4) —0.5 (-2.5-2.2) <0.001

CA: Chronological age; DA: Dental Age; C: Cameriere method, H: Haavikko method; AAge: The change of age (DA—CA); Med: Median; Min: Minimum,; Max: Maximum.

Statistically significant at p-value < 0.05 (statistically significant is indicated in bold).

61



TABLE 4. Comparison of chronological age and dental age according to dental age estimation by Cameriere and Haavikko methods in Group 1 and 2 for different age
groups in females.

Age Groups
Group 1 Group 2
(yr) P P
CA DA AAge CA DA AAge
Methods Mean &=sd Mean +sd Mean =+ sd p Methods Mean &=sd Mean +sd Mean = sd p
8-8.99
C 8.84+0.6 0.2+0.6 0.198 C 824+09 -024+0.38 0.301¢
8.6+03 84+03
H 79+07 -0.7+£0.8 0.012¢ H 78+08 —-0.6+0.7 0.005¢
9-9.99
C 9.5+ 0.6 0.0 +0.5 0.791¢ C 9.0+10 —-03+0.8 0.168¢
94 4+0.3 94 4+0.3
H 89+09 054038 0.045 H 854+08 —-094+0.38 0.001°
10-10.99
C 106 £09 00+1.0 0.969¢ C 10508 -0.1+09 0.300°
10.7 £ 0.3 10.6 0.2
H 10309 -04+1.0 0.147¢ H 103+£0.7 -03+0.8 0.193¢
11-11.99
C 114+£09 00£0.8 0.875° C 11.0£09 -044+0.7 0.023¢
114+0.2 1144+ 0.3
H 11.24+0.8 -034+0.8 0.220¢ H 108 £0.7 -0.6+0.6 0.004
12-12.99
C 1234+07 —-02=+0.9 0.937° C 12.14+08 —-04+0.7 0.001¢
125 +0.3 125 +0.3
H 1204+08 —-05+1.0 0.813° H 118+ 0.7 -0.74+0.6 0.001°

CA: Chronological age; DA: Dental Age; C: Cameriere method; H: Haavikko method; sd: Standard deviation; AAge: The change of age (DA—CA).
Statistically significant at p-value < 0.05 (statistically significant is indicated in bold).

@: The p-value was obtained by the paired samples t-test.

b: The p-value was obtained by the Willcoxon Signed Rank Test.
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TABLE 5. Comparison of chronological age and dental age according to dental age estimation by Cameriere and Haavikko methods in Group 1 and 2 for different age
groups in males.

Age Groups
Group 1 Group 2
(y1) P P
CA DA AAge CA DA AAge
Methods Mean &=sd Mean +sd Mean =+ sd p Methods Mean &=sd Mean +sd Mean = sd p
8-8.99
C 844+10 -0.14+09 0.589¢ C 844+09 0.0£1.0 0.551°
85+03 84+04
H 7606 -0.9+0.6 <0.001 H 79+09 -0.5+09 0.056°
9-9.99
C 93+06 —02+0.6 0.204¢ C 9.0+06 —03+0.6 0.042°
954+0.3 934+0.2
H 85+07 -1.040.7 0.001° H 86+06 —-08+0.5 0.002°
10-10.99
C 98+06 -0.7+0.6 0.002¢ C 99+06 -04+05 0.007¢
104 +£0.3 104 +£0.3
H 93+£06 -12+0.7 0.001° H 9610 -0.7+£09 0.007¢
11-11.99
C 10.6 0.5 —0.8+0.5 0.002° C 11.1 £0.8 -0.34+09 0.009°
114+ 0.3 1144+04
H 109 +0.7 -0.5+0.6 0.013¢ H 11.5+09 00=+1.0 0.202¢
12-12.99
C 11.5+£09 -0.84+09 0.048° C 11.7+1.1 -08+1.1 0.041°
124 +0.2 12.5+0.3
H 109 4+0.7 —-0.6+0.9 0.035¢ H 124410 0.0+09 0.925%

CA: Chronological age; DA: Dental Age; C: Cameriere method; H: Haavikko method; sd: Standard deviation; AAge: The change of age (DA—CA).
Statistically significant at p-value < 0.05 (statistically significant is indicated in bold).

@: The p-value was obtained by the paired samples t-test.

b: The p-value was obtained by the Willcoxon Signed Rank Test.
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TABLE 6. The agreement between dental age and chronological age according to sex and dental age determined by
Cameriere and Haavikko methods in Groups 1 and 2.

Sex Group 1

ICC® (95% CI)

Female 0.92 0.92
Male 0.91 0.94
Total 0.91 0.93

1CCH (95% CI)

Group 2
ICC® (95% CI) ICCH (95% CI)
0.94 0.95
0.91 0.93
0.92 0.93

ICC: Intraclass Correlation Coefficient; CI: Confidence Interval.

C. Cameriere method: ' : Haavikko method.

According to the study conducted by Sezer et al. [21], which
was similar to this study in terms of the patient group and
partially in terms of the methods used, the Cameriere, London
Atlas and Willems methods underestimated dental age by 0.09,
0.09 and 0.23 years, respectively, in the MIH group and overes-
timated dental age by 0.07, 0.09 and 0.31 years, respectively,
in the control group. As in this study, it is thought that the
method used, age and community characteristics are effective
in revealing significant differences between dental age and
chronological age in the results of the studies.

Sezer et al. [21] reported that the Cameriere method was
most accurate in the 7-12.99 age group among children with
MIH. In this study, the Cameriere method was more accurate
in all age groups among females with MIH and in the 8-
9.99 age group among males with MIH, whereas the Haavikko
method was more accurate in females 10 years or older and low
accuracy in all age groups among males. It has been reported
that this difference between the sexes evaluated according to
age groups can be explained by early prepubertal and pubertal
growth changes occurring between 8—15 years of age in fe-
males [27]. In addition, the significant decrease in accuracy in
the older age group can be attributed to the almost complete
root development of the teeth in these age groups [18, 28].

Hato et al. [15] reported that the closest estimate of
chronological age in children aged 6-14 years was the
Cameriere method, followed by the Nolla and Willems
methods. Sezer and Carikgioglu [16] emphasized that the
Haavikko method generated the lowest mean absolute error
value in the total sample (0.33 & 0.26 years), followed by the
London Atlas and Cameriere methods, respectively. In this
study, the Haavikko method yielded more accurate results
than the Cameriere method. Thus, the second null hypothesis
that the Cameriere and Haavikko methods would predict
dental age with the same accuracy is rejected.

MIH, which is widespread worldwide, has common clini-
cal outcomes, particularly dental caries, hypersensitivity and
post-eruption fractures, which negatively affect the quality
of life of patients and their families [9, 24]. It also entails
considerable social and economic burdens, and further studies
should demonstrate the evidence of MIH [24, 29]. In this
study, which was carried out with children in northern Turkey
of similar ethnic origin, a wide age group and equal age

distribution, it was demonstrated that dental development was
not affected in children with MIH. Considering that Weerheijm
et al. [30] recommendation for an optimum age of 8 years for
the diagnosis of MIH and Wiirzburg MIH Concept [23] em-
phasizing the evaluation of the optimal time when considering
extraction for MIH treatment, the fact that tooth development
is not affected may enable clinician diagnosis and treatment
decisions. We believe that the absence of a difference between
the groups may also be important in terms of the etiology
of MIH. These findings may provide a new context for the
investigation of childhood illness, which is involved in both
main views of the etiology of MIH. There are studies in the
literature on conditions that may affect tooth development
[10, 31-33]. In the case of possible childhood illness affecting
tooth development, the researchers should consider together
with the results showing that tooth development is not affected
by MIH. However, the fact that other dental tissues is not
affected may also contribute to the mineralization-poisoning
model, which needs further investigation [6].

One limitation of this study is that it was conducted in only
one region. Another is that MIH cases were not grouped ac-
cording to severity, and tooth development was not evaluated
in this respect. There is an ongoing need for new research
exploring the effects of nutrition, sociocultural, socioeconomic
and environmental factors on dental development in different
geogpraphical regions. Additionally, incorporating the sever-
ity of MIH into these studies remains a crucial area for future
investigation.

There is a need for further studies with larger sample sizes
using different age estimation methods which dental age es-
timation method provides the most accurate estimations of
chronological age.

5. Conclusions

The findings of this study indicate that tooth development is not
affected by MIH in children with enamel defects. Additionally,
the Haavikko method was shown to be a more reliable method
for estimating dental age compared to the Cameriere method,
regardless of the presence of MIH.



196

AVAILABILITY OF DATA AND MATERIALS

The data used to support the findings of this study can be made
available upon request to the corresponding author.

AUTHOR CONTRIBUTIONS

CBN and SA——conceived the idea; wrote. CBN and EE—
collected the data; analysed the data. All authors reviewed,
read and approved the final manuscript.

ETHICS APPROVAL AND CONSENTTO
PARTICIPATE

This study’s clinical examinations and data collection were
carried out at the Department of Pediatric Dentistry, Faculty of
Dentistry, Tokat Gaziosmanpasa University, Turkey. Ethical
approval was granted by the Clinical Research Ethics Com-
mittee of the Medical School at Tokat Gaziosmanpasa Uni-
versity (Approval No. 23-KAEK-113, dated 11 May 2023).
Informed written consent was obtained from the children and
their parents for this study. The study has been registered in
ClinicalTrials.gov (ID: NCT06639815).

ACKNOWLEDGMENT

Not applicable.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

'l Weerheijm KL, Jilevik B, Alaluusua S. Molar-incisor hypomineralisa-
tion. Caries Research. 2001; 35: 390-391.

12l Ghanim A, Elfrink M, Weerheijm K, Marifio R, Manton D. A practical

method for use in epidemiological studies on enamel hypomineralisation.

European Archives of Paediatric Dentistry. 2015; 16: 235-246.

Ghanim A, Silva MJ, Elfrink MEC, Lygidakis NA, Marifio RJ, Weerheijm

KL, et al. Molar incisor hypomineralisation (MIH) training manual for

clinical field surveys and practice. European Archives of Paediatric

Dentistry. 2017; 18: 225-242.

Abdelaziz M, Krejci I, Banon J. Prevalence of molar incisor hypomineral-

ization in over 30,000 schoolchildren in Switzerland. Journal of Clinical

Pediatric Dentistry. 2022; 46: 1-5.

I3 Bekes K. Molar incisor hypomineralization: a clinical guide to diagnosis

and tretament. 1st edn. Switzerland: Springer Cham. 2020.

Hubbard MJ, Mangum JE, Perez VA, Williams R. A breakthrough

in understanding the pathogenesis of molar hypomineralisation: the

mineralisation-poisoning model. Frontiers in Physiology. 2021; 12:

802833.

American Academy Of Pediatric Dentistry. Understanding the cause of

molar hypomineralization: the mineralization-poisoning model. Pediatric

Dentistry. 2023; 45: 91.

Williams R, Perez VA, Mangum JE, Hubbard MJ. Pathogenesis of molar

hypomineralisation: hypomineralised 6-year molars contain traces of

fetal serum albumin. Frontiers in Physiology. 2020; 11: 619.

3

4

[6

[7

8

9]

[10]

[12

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[23]

126]

=
=}

[29]

130]

Perez VA, Mangum JE, Hubbard MJ. Pathogenesis of molar hypomin-
eralisation: aged albumin demarcates chalky regions of hypomineralised
enamel. Frontiers in Physiology. 2020; 11: 579015.

Pinchi V, Bianchi I, Pradella F, Vitale G, Focardi M, Tonni I, et al. Dental
age estimation in children affected by juvenile rheumatoid arthritis.
International Journal of Legal Medicine. 2021; 135: 619-629.

Shamsi A, Esmaili S, Haghi Ashtiani G, Mokhtari N, Mahmudi S.
Assessment of mineralization and developmental stage of homologues
mandibular first and second molars using panoramic radiographs and
Demirjian’s method in 5 to 12 years old children. Iranian Journal of
Pediatric Dentistry. 2022; 17: 55-76.

Milosevi¢ D, Vodanovi¢ M, Gali¢ I, Subasi¢ M. Automated estimation
of chronological age from panoramic dental X-ray images using deep
learning. Expert Systems with Applications. 2022; 189: 116038.

Tunc ES, Koyuturk AE. Dental age assessment using Demirjian’s method
on northern Turkish children. Forensic Science International. 2008; 175:
23-26.

Gulsahi A, Tirali RE, Cehreli SB, De Luca S, Ferrante L, Cameriere R.
The reliability of Cameriere’s method in Turkish children: a preliminary
report. Forensic Science International. 2015; 249: 319.e1-319.e5.

Hato E, Cosgun A, Altan H. Comperative evaluation of Nolla, Willems
and Cameriere methods for age estimation of Turkish children in the
Central Black Sea Region: a preliminary study. Journal of Forensic and
Legal Medicine. 2022; 91: 102400.

Sezer B, Carik¢ioglu B. Accuracy of the London Atlas, Haavikko’s
Method and Cameriere’s European Formula of dental age estimation in
Turkish children. Legal Medicine. 2022; 54: 101991.

Cameriere R, De Angelis D, Ferrante L, Scarpino F, Cingolani M. Age
estimation in children by measurement of open apices in teeth: a european
formula. International Journal of Legal Medicine. 2007; 121: 449-453.
Haavikko K. Tooth formation age estimated on a few selected teeth: a
simple method for clinical use. Proceedings of the Finnish Dental Society.
1974;70: 15-19.

Kirzioglu Z, Ceyhan D, Bayraktar C. Dental age estimation by different
methods in patients with amelogenesis imperfecta. Forensic Science
International. 2019; 298: 341-344.

Aren G, Ozdemir D, Firatli S, Uygur C, Sepet E, Firatli E. Evaluation
of oral and systemic manifestations in an amelogenesis imperfecta
population. Journal of Dentistry. 2003; 31: 585-591.

Sezer B, Carik¢ioglu B, Kargiil B. Dental age and tooth development
in children with molar-incisor hypomineralization: a case-control study.
Archives of Oral Biology. 2022; 134: 105325.

Tunc ES, Ulusoy AT, Bayrak S, Cankaya S. Dental development
in children with severe molar-incisor hypomineralization in Samsun,
Turkey. Journal of Oral Science. 2013; 55: 203-207.

Bekes K, Steffen R, Kramer N. Update of the molar incisor hypominer-
alization: Wiirzburg concept. European Archives of Paediatric Dentistry.
2023; 24: 807-813.

Gevert MV, Wambier LM, Ito LY, Souza JF, Chibinski ACR. Which are
the clinical consequences of Molar Incisor hypomineralization (MIH) in
children and adolescents? Systematic review and meta-analysis. Clinical
Oral Investigations. 2024; 28: 415.

Sitio DY, Solehuddin GME, Panjaitan GS. Dental age estimation using
the Cameriere method in different countries: a review. Journal of Forensic
Science and Research. 2024; 8; 35-39.

Seow WK. Dental development in amelogenesis imperfecta: a controlled
study. Pediatric Dentistry Journal. 1995; 17: 26-30.

Apaydin B, Yasar F. Accuracy of the demirjian, willems and cameriere
methods of estimating dental age on turkish children. Nigerian Journal of
Clinical Practice. 2018; 21: 257-263.

Ozdemir Tosyalioglu FE, Ozgiir B, Cehreli SB, Arrais Ribeiro IL,
Cameriere R. The accuracy of Cameriere methods in Turkish children:
chronological age estimation using developing teeth and carpals and
epiphyses of the ulna and radius. Forensic Science, Medicine and
Pathology. 2023; 19; 372-381.

Childers NK, Hubbard MJ. Adopting the D3 Group’s translational
paradigm for molar hypomineralization and chalky teeth. Pediatric
Dentistry. 2024; 46: 302-304.

Weerheijm KL, Duggal M, Mejare I, Papagiannoulis L, Koch G, Martens
LC, et al. Judgement criteria for molar incisor hypomineralisation (MIH)


https://clinicaltrials.gov/

197

in epidemiologic studies: a summary of the European meeting on MIH bullosa and dental developmental age. International Journal of Paediatric
held in Athens, 2003. European Journal of Paediatric Dentistry. 2003; 4: Dentistry. 2005; 15: 335-341.
110-113.

1311 Hazza’a AM, Al-Jamal G. Dental development in subjects with

thalassemia major. The Journal of Contemporary Dental Practice. 2006; How to cite this article: Canan Bayraktar Nahir, Simeyra
7 63-70. Akkog, Esra Ergiin. Evaluation of tooth development in children
1321 Pinchi V, Norelli GA, Pradella F, Vitale G, Rugo D, Nieri M. Comparison with molar-incisor hypomineralization using the Cameriere
of the applicability of four odontological methods for age estimation of and Haavikko methods: a case-control study. Journal of
the 14 years legal threshold in a sample of Italian adolescents. The Journal Clinical Pediatric Dentistry. 2025; 49(2):  188-197. doi:
of Forensic Odonto-Stomatology. 2012; 30: 17-25. 10.22514/jocpd.2025.038.
1331 Liversidge HM, Kosmidou A, Hector MP, Roberts GJ. Epidermolysis



	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions

