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Apstract: The patient’s age is one of the most important factors influencing the planning of orthodontic
therapy. In some patients, there is a discrepancy between chronological age, dental age and skeletal matu-
rity, which can affect the outcome of orthodontic therapy.

The aim of this work was to determine the correlation between chronological age, dental age and skeletal
maturity in subjects of both sexes using orthopantomographic and lateral cephalometric images.

For the purpose of this study, orthopantomographic and lateral cephalometric images of 315 orthodontic pa-
tients aged 8 to 18 years were used. Dental age was determined on orthopantomographic images using the
Demirjian method, while skeletal maturity was determined on lateral cephalometric images by observing
the second, third and fourth cervical vertebrae.

The results of the study showed an extremely strong, positive and statistically significant correlation be-
tween dental and chronological age in both sexes (rs = 0.870, N =315, p < 0.05), with the correlation being
stronger in females (rs = 0.869). A positive, extremely strong and statistically significant correlation was
also found between dental age and the CVM stage of the subjects (rs = 0.684, N =315, p < 0.05). A statisti-
cally significant difference was found in the average dental age between the most of the CVM stages of the
subjects (p < 0.05). Statistically significant differences in dental maturity were not recorded only between
the 1st and 2nd CVM stages, as well as between the 3rd and 4th CVM stages.

Based on the results obtained, it was concluded that there is a strong positive correlation between chrono-
logical age, dental maturity and skeletal maturity in subjects of both sexes. The correlation between dental
maturity and chronological age was slightly stronger in females than in males.
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1. INTRODUCTION Mobile orthodontic appliances are most often
used in children with mixed dentition who are indicated
for orthodontic treatment. The transition from decidu-
ous to mixed dentition takes place in three stages. The
first stage is known as the stage of early mixed denti-
tion, which is characterized by the presence of the first
permanent molars and permanent incisors. The pres-
ence of these permanent teeth in the patient’s mouth is a
necessary condition for ensuring adequate retention of
the mobile orthodontic appliance in the patient’s mouth.

The age of the patient is one of the most impor-
tant factors that influence the planning of orthodon-
tic therapy. Indicators of individual maturity of bone
structures are important for defining the start of ortho-
dontic treatment. The application of orthodontic thera-
py during favorable growth processes can significantly
contribute to the efficient and effective improvement of
skeletal problems in individual patients [1].
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The second stage, known as the intertransitional phase,
includes remodeling of the alveolar extensions of the
upper and lower jaw, resorption of the roots of primary
molars and primary canines, and further development
of permanent teeth. The third stage represents the late
mixed dentition, in which the deciduous molars and de-
ciduous canines are replaced [2].

Some studies have shown that there are vari-
ations in tooth eruption and the presence of the ap-
propriate stage of primary dentition in relation to the
chronological age of the patient. A discrepancy be-
tween the chronological age and the dental age of the
patient of + 2 years compared to the average indicates
premature or delayed dentition. Since the chronolog-
ical age and dental age do not match in some patients,
it is necessary to determine the individual dental age
of the patient. For this purpose, the method of es-
timating dental age according to the stage of tooth
mineralization is most often used. The most com-
monly used method for assessing dental age and its
correlation with bone maturation and the chronologi-
cal age of the patient is the Demirjian method, which
was established on a sample of the French-Canadian
population [3-5]. To perform this method, it is neces-
sary to obtain an orthopantomographic image (OPT),
and assign an appropriate score to each tooth in the
mandibular left quadrant. However, studies by Red-
dy et al. and Altunsoy et al. have shown that there
are deviations from the Demirjian method depending
on the ethnicity of the subjects, which is why it is of
great importance for planning the start of orthodontic
therapy to determine the dental age and bone maturi-
ty of the patient [6,7].

Functional orthodontic appliances are used
during the period of growth and development because
they function on the principle of modifying the growth
of skeletal structures. It is very important that their ap-
plication begins during the period of the pre-pubertal
growth spurt so that their effect has the maximum im-
pact on the growth spurt in patients. However, it has
been noted that this period can vary among patients
and is highly individual. For these reasons, it is im-
portant to know the stage of patient’s skeletal maturity
[8, 9]. The application of the skeletal maturity assess-
ment method in the patient is also of great importance
in combined orthodontic-surgical therapy. Starting the
therapy before the completion of growth in these pa-
tients can lead to subsequent relapses, which lead not
only to relapse but also have a negative impact on the
patient’s mental health [10].

However, the pubertal growth spurt is influ-
enced not only by the patient’s age and ethnicity but
also by gender, genetics, nutrition, and socioeco-
nomic status. There are three reliable indicators of
skeletal maturity: increase in physical height, matu-
ration of the hand joint skeleton, and changes in the
morphology of the cervical vertebrae. Since every
patient requiring orthodontic treatment needs to ob-
tain an orthopantomographic and lateral cephalomet-
ric image for the purpose of determining an accurate
diagnosis and treatment plan for a specific abnor-
mality, assessing skeletal maturity by observing the
shape of the cervical vertebrae on a lateral cepha-
lometric image is considered the most cost-effective
and simplest method [11-13].

Modifications in the size and shape of the
cervical vertebrae in growing subjects have gained
increasing interest in recent years as a biological in-
dicator of skeletal maturity [14]. The cervical verte-
brae maturation (CVM) method has gained impor-
tance because the analysis of the cervical vertebrae
is performed on a lateral cephalometric image, a type
of radiograph routinely available for orthodontic di-
agnosis. In 1995, Hassel and Farman were the first to
propose the use of this method based on the analysis
of three vertebral bodies, namely the second (C2),
third (C3), and fourth (C4) cervical vertebrae [15].

Baccetti et al. modified the method of deter-
mining skeletal maturity into five stages, due to the
inability to accurately distinguish the first and sec-
ond cervical stages [16-18]. Manabe et al. conducted
a study on the lateral cephalometric images of 400
patients undergoing orthodontic treatment at the
University Hospital of Tokyo. By applying the CVM
method to the images, they indicated its importance
as a significant indicator of the growth of the upper
and lower jaws [19].

The aim of the study was to determine the cor-
relation between chronological age, dental age and
skeletal maturity in subjects of both sexes using or-
thopantomographic and lateral cephalometric images.

2. MATERIAL AND METHOD

The research was approved by the Ethics Com-
mittee for Research on Humans and Biological Ma-
terial of the Faculty of Medicine, University of Banja
Luka, Republic of Srpska, Bosnia and Herzegovina
(No. 18/4.23/25.). For the purpose of this research,
315 orthopantomographic and lateral cephalometric
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images of healthy orthodontic patients aged 8§ to 18
years, undergoing orthodontic treatment at the De-
partment of Orthodontics, Faculty of Medicine, Uni-
versity of Banja Luka were used. All subjects signed
informed consent for obtaining an orthopantomo-
graphic and lateral cephalometric images and their
use for scientific research purposes.

2.1. Dental age determination

Dental age was determined on 315 orthopanto-
mographic images using the Demirjian method. The
criteria for including images in the study were: good
image quality, absence of pathological processes in
the lower jaw, absence of irregularities in the teeth
shape, position, size, and number of permanent tecth
in the lower jaw. Each tooth in the lower left quad-
rant was assigned one of eight calcification stages (A
to H) using the Demirjian method. Based on the sum
of the scores obtained for all teeth in the lower left
quadrant, the patient’s dental age was determined.
The OPT image was also used to obtain data on the
patient’s chronological age.

2.2. Skeletal maturity determination

Determination of skeletal maturity was per-
formed on 315 lateral cephalometric images. The
study included images of subjects without congenital
malformations in the head and cervical spine, without
trauma and surgery in the same region, without sys-
temic diseases or growth and development disorders,
without disorders affecting bone development, and
where the second (C2), third (C3) and fourth cervical
vertebra (C4) could be analysed clearly. The CVM
(Cervical vertebrae maturation) method was used to
determine skeletal maturity. Using this method, each
subject was assigned a stage of bone maturity (Cervi-
cal vertebrae maturation stage-CVMS). The first step
in applying this analysis was to assess the lower edge
of the bodies of these three vertebrae. In CVMS 1,
the lower edge of the bodies of all three vertebrae is
flat. In CVMS 2, a concavity is observed on the low-

er edge of the C2 body (notched or recessed), with
the concavity of the lower edge of the vertebral body
becoming more obvious with maturity. In CVMS 3,
similar concavities can also be observed at the lower
edges of the C2 and C3 bodies. The second step in
the analysis was to assess the shape of the C3 and C4
bodies. The bodies of the second, third, and fourth
cervical vertebrae change shape in a typical se-
quence, progressing from trapezoidal and rectangu-
lar horizontal shapes through square shapes to rect-
angular vertical shapes. In stages CVMS 1 to CVMS
3, most of the bodies of the third and fourth vertebrae
have a trapezoidal shape, but in CVMS 3, one of the
vertebral bodies may have a rectangular horizontal
shape in a limited number of subjects. The bodies of
C3 and C4 are rectangular horizontal, then square in
CVMS 5, and rectangular vertical in CVMS 6. De-
termination of dental age and skeletal maturity was
performed by a single experienced researcher.

2.3. Statistical analysis

The statistical package IBM SPSS Statistics 20
and Microsoft Excel 2016 were used for data analy-
sis. Descriptive statistics indicators (arithmetic mean,
standard deviation, extreme values, confidence inter-
val) were used to express the values of chronological,
dental and skeletal age. The significance of the differ-
ences in mean values between the tested methods was
determined by parametric analysis of variance (ANO-
VA) and post hoc analysis (Tukey post hoc test). The
correlation of the tested parameters was determined
by Spearman’s correlation analysis.

3. RESULTS

The total number of subjects included in this
study was 315, of which 141 (44.8%) were male and
174 (55.2%) were female. The minimum chronological
age of the subjects was 8.0 years, while the maximum
was 18.0 years. The average chronological age of the
subjects was 12.113 years, with a standard deviation of
+ 2.40 years and a variance of 5.76 years (Table 1).

Table 1. Descriptive statistics indicators for chronological age

N Range Min. Max Mean SE SD Variance
Total 315 10.0 8.0 18.0 12.113 1352 2.4002 5.761
Male 141 9.5 8.0 17.5 11.772 1978 2.3492 5.519
Female 174 10.0 8.0 18.0 12.390 1829 24122 5.819
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The minimum dental age of all subjects was
6.2 years, and the maximum was 16.7 years. The
average dental age of all subjects was 12.078 years,
with a standard deviation of + 2.43 years and a vari-
ance of 5.91 years (Table 2).

Analysis of the results of Spearman’s correla-
tion between dental and chronological age indicated
an extremely strong, positive and statistically sig-
nificant correlation in both sexes (rs = 0.870, N =
315, p < 0.05). However, in females, the correlation
between dental and chronological age was slightly
stronger (rs = 0.869) (Table 3).

Table 4 shows the distribution of the subjects

by gender and CVM stages. It was observed that the
largest number of female orthodontic patients (41)
was in CVMS 5. This is 13.0% of the total number
of subjects, 58.6% of the total number of subjects
with CVM stage 5 and 23.6% of the total number of
female subjects. The largest number of orthodontic
patients included in this study, 70 (22.2%) of the to-
tal number, belongs to CVMS 5.

Based on the results of Spearman’s correlation
analysis, it was determined that there is a positive,
extremely strong and statistically significant correla-
tion between dental age and CVMS of the subjects
(rs =10.684, N =315, p <0.05) (Chart 1).

Table 2. Descriptive statistics indicators for dental age

N Range Min. Max Mean SE SD Variance
Total 315 10.5 6.2 16.7 12.078 1370 24311 5.910
Male 141 9.7 6.2 15.9 11.618 2106 2.5010 6.255
Female 174 8.9 7.8 16.7 12.450 1754 2.3139 5.354
Table 3. Results of the correlation between dental and chronological age by gender
Gender Number rs coefficient p value
Male 141 0.850 <0.05%
Female 174 0.869 <0.05%*
Total 315 0.870 <0.05%*
Table 4. Distribution of subjects by gender and CVM stage
Gender Indicator CVMS Total
1 2 3 4 5 6
Number 22 35 29 22 29 4 141
Male % within gender 15.6% 24.8% 20.6% 15.6% 20.6% 2.8% 100.0%
% within CMVS 56.4% 63.6% 42.0% 40.7% 41.4% 14.3% 44.8%
% of total 7.0% 11.1% 9.2% 7.0% 9.2% 1.3% 44.8%
Number 17 20 40 32 41 24 174
Female % within gender 9.8% 11.5% 23.0% 18.4% 23.6% 13.8% 100.0%
% within CMVS  43.6% 36.4% 58.0% 59.3% 58.6% 85.7% 55.2%
% of total 5.4% 6.3% 12.7% 10.2% 13.0% 7.6% 55.2%
Number 39 55 69 54 70 28 315
Total % within gender 12.4% 17.5% 21.9% 17.1% 22.2% 8.9% 100.0%
% within CMVS  100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
% of total 12.4% 17.5% 21.9% 17.1% 22.2% 8.9% 100.0%

100

Contemporary Materials, XVI-1 (2025)



pages: 097-105

ESTIMATION OF CHRONOLOGICAL AGE, DENTAL AGE AND SKELETAL
MATURITY USING ORTHOPANTOMOGRAPHY AND LATERAL CEPHALOGRAMS

T

18

RLE-

i

L |

Darnalni uzrast

115

LE-a

T T - T

GMY stadijum

Chart 1. Average dental age values by individual CVM stage

Table 5 shows the results of the ANOVA anal-
ysis (p < 0.05) and indicates that there was a statisti-
cally significant difference in dental age among pa-

tients at different CVM stages.

-
-

Table 5. ANOVA test results

Sum of Mean

Squares Square Sie
Between gs5713 5 171.143 52.878 .000
groups
Within 1000002 309 3.237
groups
Total  1855.804 314

Based on the previous results, it was deter-
mined that there were statistically significant dif-
ferences between the CVMS in average dental age.
However, Table 6 present the results of multiple com-
parisons, showing which CVMS groups differed sig-
nificantly in dental maturity. By applying the Tukey
post hoc test from the table below, it was observed
that there was a statistically significant difference in
average dental age between most of the CVMS of
the subjects (p < 0.05). Statistically significant differ-
ences in dental age were not recorded only between
CVMS 1 and 2, as well as between CVMS 3 and 4.

Table 6. Tukey post hoc test results

Mean Difference

95% Confidence Interval

(I) CVMS (J) CVMS ) Std. Error Sig. Tower Bound _ Upper Bound

2 -.6648 .3766 490 -1.745 415
3 -2.1159* .3604 .000 -3.149 -1.082

1 4 -2.9111* 3781 .000 -3.995 -1,827
5 -3.9024* 3595 000 -4.933 -2,872
6 -5.6095* 4456 000 -6.887 -4.332
1 .6648 .3766 490 -415 1.745
3 -1.4511%* 3252 .000 -2.384 -.519

2 4 -2.2463* .3446 000 -3.235 -1.258
5 -3.2375%* 3242 .000 -4.167 -2.308
6 -4.9447* 4177 .000 -6.142 -3.747
1 2.1159* .3604 .000 1.082 3.149
2 1.4511%* 3252 000 519 2.384

3 4 -.7952 3269 148 -1.733 142
5 -1.7864* .3052 .000 -2.662 -911
6 -3.4936* 4031 000 -4.650 -2.338
1 29111* 3781 000 1.827 3.995
2 2.2463%* .3446 .000 1.258 3.235

4 3 7952 .3269 .148 -.142 1.733
5 -.9913* 3258 030 -1.926 -.057
6 -2.6984* 4190 000 -3.900 -1.497
1 3.9024* 3595 .000 2.872 4.933
2 3.2375% 3242 .000 2.308 4.167

5 3 1.7864* 3052 000 911 2.662
4 .9913* 3258 030 .057 1.926
6 -1.7071* 4023 .000 -2.861 -.554
1 5.6095%* 4456 000 4.332 6.887
2 4.9447%* 4177 .000 3.747 6.142

6 3 3.4936* 4031 .000 2.338 4.650
4 2.6984* 4190 .000 1.497 3.900
5 1.7071* 4023 .000 .554 2.861

*. The mean difference is significant at the 0.05 level.
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4. DISCUSSION

For adequate planning of orthodontic ther-
apy, it is necessary to determine both the dental
maturity and skeletal maturity of the patient. Deter-
mining the aforementioned parameters is of great
importance, especially in younger patients who are
still in the period of growth and development. In
addition to dentistry and orthodontics, determining
dental age is important in forensic medicine [20].

Although numerous studies have questioned
the applicability of the Demirjian method for de-
termining dental age in different populations, there
is still no standardized method that would be used
in our population. For these reasons, the Demirjian
method was chosen for determining dental age in
this study [21-23].

The aim of this research was to determine
the correlation between chronological, dental and
skeletal age of male and female subjects based on
orthopantomographic and lateral cephalometric
images. The results showed an extremely strong
correlation between dental and chronological age,
which was stronger in female subjects. A study by
Cruz-Landeira et al., conducted on Spanish and
Venezuelan subjects, also indicated a strong cor-
relation between the dental and chronological age
of subjects, which is consistent with the results of
this study. However, the authors concluded that the
Demirjian method applied to the studied popula-
tions is not sufficiently precise in determining den-
tal age [24].

The CVM method was used to determine
skeletal maturity, which is not only applied in clin-
ical practice but is also frequently used for scientif-
ic purposes. In this study, a strong correlation was
found between the dental and skeletal maturity of
the subjects, which is in accordance with the results
of the studies by Hashim et al. and Macha et al.,
who also found a strong correlation between dental
age and skeletal age in their subjects [25,26]. Also,
some studies have indicated a strong association be-
tween dental age and skeletal age determined using
the CVM method [27-29].

Ojha et al. found a strong correlation between
the maturation phase of the cervical vertebrae and
the calcification phases of the canine, first premolar,
second premolar and second molar using Demirji-
an’s method [30]. On the other hand, some authors
pointed to a very strong correlation between den-

tal age and skeletal maturity determined by using a
hand scan. Thus, Jouerih et al. went a step further
and recommended the use of certain developmen-
tal grades of canines and second molars using the
Demirjian method as indicators of skeletal maturity
and emphasized their great diagnostic value in ev-
eryday practice [31].

Chen et al., in their study, which was con-
ducted on orthopantomographic images and later-
al cephalometric images of 302 patients, found a
significant correlation between the stages of den-
tal calcification and the stage of cervical vertebrae
maturation. The development of the second man-
dibular molar in female subjects and the mandibular
canine in male subjects had the strongest correlation
with cervical vertebrae maturity. The authors point
out the practicality of using the images in planning
orthodontic treatment and determining dental and
skeletal maturity [32].

Cummaudo et al. point out that despite the
large number of studies based on determining den-
tal and skeletal maturity using radiographs, there
is no consensus on the acceptability of using the
same methods for different populations. The au-
thors highlighted the influence of genetic but also
socio-economic factors on the growth and devel-
opment of individuals [33]. However, the results
of this study also indicated the existence of sta-
tistically significant differences between the den-
tal ages of the subjects within the corresponding
stages of skeletal maturity. Statistically significant
differences in dental maturity were not recorded
only between CVM stages 1 and 2 as well as be-
tween CVM stages 3 and 4. Such deviations could
be attributed to the applicability of the Demirjian
method to our population, which is why further
studies should include a larger sample size and as-
sess the applicability of this method to it. In this
way, the correlation between chronological, dental
and skeletal age in our population could be deter-
mined more precisely.

5. CONCLUSION

Based on the results obtained, we can conclude
that there is a strong positive correlation between
chronological age, dental age and skeletal maturity
in both sexes. The correlation between dental and
chronological age was slightly stronger in females
than in males.
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HNPOIJEHA XPOHOJIOHIKE CTAPOCTHU, AEHTAJIHE CTAPOCTH U
CKEJIETHE 3PEJIOCTU IPUMJEHOM OPTOITAHTOMOI'PA®CKOI' 1
INPOPNJIHOI' KEPAJTIOMETPUJCKOI' CHUMKA

Cazkerak: CrapocT manujeHTa IpeacTaBiba jeJad o] HajBXHUJUX (haKTopa KOju YTUIY Ha TUIAaHUPArhe
OpTONOHTCKE Tepanwje. Ko HeKux marijenara mocToju Heyckial)eHoCT n3Mel)y XpOHOJIOIIKe CTapoCTH,
JICHTAJIHE CTAPOCTH U 3PEJIOCTHU CKeJIeTa IITO MOKe yTULIATH Ha KPajibl HCXOJ] OPTOIOHTCKE Teparmje.
Lwb oBor paga OMO je ja ce yTBpIH Kopelialuja u3Mel)y XpoHOJIOMIKe CTapOCTH M JICHTAIHE CTAPOCTH
W 3peJoCTH CKelleTa KOJl MCTIMTaHWKa 00a rmoja KopumhemeM OpTONaHTOMOTPA(CKUX M TPODUITHIX
Ke(aloOMEeTPHjCKUX CHUMAKa.

3a notpebe oBe cTyauje kopuihenn cy opronanToMorpadcky U npoUIHE Ke(PaJoMETPHjCKU CHUMIIN
315 opTonoHTCKHX TarujeHara y3pacra o 8 1o 18 ronuna. JleHranna crapoct oapelena je Ha opronas-
ToMorpadckuM cHUMIIMMa MeTofoM 1o Demirjian-y, 10k je Ha npoduiHUM Ke(halloOMETPHjCKUM CHUM-
rMa ozpeljeHa ckeseTHa 3pesioCcT MocMarpameM JApyror, Tpeher 1 4eTBpTOr BpaTHOT MpILJbEHA.
Pesynrari ucrpakuBama Cy MOKa3alH MOCTOjambe U3Pa3UTO CHAXKHE, MO3UTUBHE M CTATHCTHYKU 3HA-
yajHe Kopernanuje m3Mely NeHTaTHe M XPOHOJOIIKE CTapocTh Kox oba moma (rs = 0,870, N = 315,
p < 0,05) maxo je Kox >KEHCKOT TIoJia moBe3aHocT Omna cHaxkHuja (rs = 0,869). 3mely nenranne cra-
POCTH U CTaaujyMa KOIITaHe 3peJ0CTH MCIIMTaHUKa je Takole yTBpl)eHa TO3UTHBHA, N3PA3UTO CHAXKHA
W CTaTHUCTUYKH 3Ha4ajHA KopenamnoHa Be3a (rs = 0,684, N = 315, p < 0,05). Craructuyku 3Ha4ajHa
pa3irka yTBpheHa je y mpoCjedHoj AeHTAIHO] cTapocT m3Mel)y BehnHe cranamjyma KomTaHe 3peioCTH
ucrmranuka (p < 0,05). CrarucTHUKK 3Ha4ajHE pas3liUKe y JICHTAIHO] CTApOCTH HUCY €BHIACHTHPAaHE
jeanHo m3Mel)y mpBor M Ipyror craanjyma KoITaHe 3pesocTH, kao U usmelhy Tpeher u uerBpror cra-
JIMjyMa KOILITaHE 3PEeJIOCTH.

Ha ocHOBY n00HjeHUX pe3ysTaTa 3aKJbyUeHO j€ J1a MOCTOjH CHaXKHa MMO3UTHBHA Kopenaija usmelhy xpo-
HOJIOIIKE CTAPOCTH, ICHTAIHE CTAPOCTH M CKEJIETHE 3pEJIOCTH KO/ MCTIMTaHnKa 00a nona. Kopenanuja
nu3Mel)y JeHTaliHe CTapOCTH U XPOHOJIOIIKE CTAPOCTHU j€ KOJ HKEHCKOT 1oJia OMjla Majo jadya y OZHOCY
Ha MYUIKH I10J1.

Kiby4uHe pujeun: XpOHOJOIIKA CTAPOCT, ICHTATHA CTAPOCT, CKEJIETHA 3PEIOCT, OPTOIOHTCKA Tepartija
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