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Abstract

Background: Using a reliable indicator to identify different phases of skeletal maturation is an important issue in orthodontic diagnosis
and treatment planning.

Objectives: The aim of this study was to evaluate the correlation between stages of tooth calcification and cervical vertebral maturation
in Iranian individuals.

Patients and Methods: 216 digital panoramic and lateral cephalometry of healthy patients, 99 males and 117 females (aged 8 to 16 years)
seeking orthodontic treatment included in the study. To determine dental maturational stage, calcification of the mandibular canine,
the first and second premolars and the second molar were assessed according to the method suggested by Demirjian et al. To evaluate
the stage of skeletal maturation, cervical vertebral morphologic changes were assessed on lateral cephalometric radiographs according
to the method suggested by Baccetti et al. All radiographs were evaluated by two observers and inter- and intra-examiner reliability were
examined. Spearman’s correlations coefficients were calculated to establish the association between cervical vertebral maturation and
teeth calcification. P-values less than 0.001 were considered statistically significant.

Results: All correlation values obtained were statistically significant (P < 0.001). Correlations between dental development and skeletal
maturity stage due to CVM method ranged from 0.76 to 0.77 (P < 0.001) for females and 0.63 to 0.71 (P < 0.001) for males. The second molar
(0.77) and second premolar (0.71) presented the highest correlation for female and male subjects, respectively.

Conclusions: The relationship between calcification of tooth and maturation of cervical bones was significant. This suggested that tooth

calcification stages from panoramic radiographs might be clinically useful as a maturity indicator.
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1. Background

Evaluation of skeletal maturity is an extremely impor-
tant issue in orthodontic and dentofacial orthopedic
diagnosis and treatment planning (1). Estimation of the
onset of mandibular growth spurt to initiate functional
orthopedic treatment in class Il subjects and determining
reduced growth rate in subjects undergoing orthogonatic
surgery are examples that can be cited in this regard (2).

Using chronological age to recognize skeletal develop-
mental stage is a weak growth predictor and to evaluate
the skeletal maturational stage physiological age would
be more reliable (3).

Various maturational indicators such as increase in
body height, menarche and voice changes were used to
determine physiological age (4), but hand-wrist radio-
graphs considered by many to be the most accurate and
common way to evaluate skeletal maturation until re-
cently (5).

Suggestion of a method by Lamparski et al. in 1972 for
evaluation of skeletal maturation according to morpho-
logical changes in the cervical vertebra on the lateral
cephalometry radiographs evoked great interest, espe-
cially regarding reduction of patient radiation dose by
eliminating extra hand-wrist radiographs (6).

The CVM method, proposed by Baccetti et al. (1) is the
most widely used method to evaluate stages of vertebral
maturation and has been proved to be effective to assess
adolescent growth peak both in the body height and the
mandibular size. This method consists of six maturation-
al stages determined based on cervical vertebrae mor-
phology (c2, c3,c4),(1, 2,7, 8).

Dental maturity based on tooth emergence or stages
of tooth calcification observed in radiographs is also an
indicator of the biological maturity of growing children
(9). Since tooth eruption can be affected by some environ-
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mental factors, evaluation based on tooth calcification is
more reliable (10, 11). The method introduced by Demir-
jian et al. (12) is one of the most common methods used
to determine the stages of calcification in several teeth.
Through maturation changes, this method categorizes
teeth mineralization into eight stages, which are less
prone to examiner error than the classifications based on
teeth enlargement or size (13).

Accessibility of panoramic and lateral cephalograms
in diagnostic records of orthodontic patients, and the
fact that some studies have shown correlation between
dental maturation stages and skeletal maturity suggest
using these radiographs instead of hand wrist radio-
graph in routine orthodontic and dentofacial orthope-
dic care (14-16).

2. Objectives

The purpose of the current study was to verify any cor-
relation between the developmental stages of mandibu-
lar teeth on the panoramic radiographs according to the
Demirjian system (12), and cervical maturity stages based
on the CVM method on the lateral cephalograms in an
Iranian sample.

3. Patients and Methods

This cross-sectional study enrolled subjects seeking
orthodontic treatment. Pre-treatment digital panoramic
and lateral cephalometric radiographs of 216 subjects
(117 girls and 99 boys) aged 8 to 16 years old were evalu-
ated. Sample size was based on previous studies (17-20).
All subjects were chosen from one oral and maxillofacial
Radiology Center. All radiographs were taken by Cranex
D panoramic unite (Soredex, Helsinki Finland) and ana-
lyzed by Digora for Windows (DFW) 2.7 version on Sam-
sung monitor with resolution of 2560 x 1440.

Inclusion criteria were:

1-Iranian patients aged 8 to 16 years.

2- Pre-treatment digital panoramic and lateral cephalo-
metric radiographs accessible with high clarity and good
contrast taken in the same day.

3-No missing (except third molar), extraction or anoma-
lies (impaction, transposition, hypodontia) in dentition.

4-No history of previous orthodontic treatment.

5- No history of trauma or surgery in the neck or dento-
facial region affecting dental and skeletal development.

6- No congenital oral or maxillofacial anomalies such as
cleftlip and palate.

7- Good general health with absence of growth, endo-
crine and nutritional problems.

8- Absence of cervical vertebral anomalies.

Panoramic radiographs were studied to determine cal-
cification stages of permanent canine, first and second
premolars and the second molar of mandibular teeth on
the left side.

Dental maturity was assessed through calcification
stages proposed by Demirjian et al. (12), used for stag-

ing tooth calcification from A to H. The characteristics of
stages are described in Figure 1. The method proposed by
Baccetti et al. (1) was used to evaluate cervical vertebral
maturation stages (CVM) on lateral cephalograms of pa-
tients. This method analyzes the morphology of 2d, 314,
4th cervical vertebrae and the patient is classified into
one of the 6 stages accordingly (Figure 2). The character-
istics of stages are described in Table 1.

Chronological age of patients established based on the
time started from child’s birth to the date radiographs
were taken and classified into one of the 8 groups with
1-year intervals.

In all radiographs, patients wore collar aprons and since
these are routine diagnostic radiographs for orthodontic
treatment, there was not any extra exposure risk.

All radiographs analyzed by two observers (one ortho-
dontist, one oral and maxillofacial radiologist). At the
same time, cases with disagreement were studied togeth-
er to get the agreement.

Correlations between bone maturation and teeth calci-
fication were analyzed by Spearman’s correlation and P
values less than 0.01 were considered statistically signifi-
cant. SPSS version 17 for Windows (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis.

4. Results

The radiographs of 241 (ranged 8 - 16 years) participants
were studied, 4 cleft lip and palate, 1 cleidocranial dyspla-
sia syndrome, 11 previous orthodontic treatment, 4 miss-
ing, 2 supernumerary and 2 impaction and 1 bilateral first
premolar extraction were excluded from the study.

The number and percentage distribution of subjects in
each stage of cervical vertebral maturation from CVMS I
to CVMS VI are shown in Table 2. Table 3 shows the per-
centage distribution of calcification of each tooth at the
cervical maturation stages from CVMS I to CVMS VL.

At CVMS], the canine in stage F showed the highest per-
centage distribution (60.9 % female, 45.7% male).

At CVMS 1J, Stage F of the canine in males showed the
highest percentage distribution (40%). In females, the ca-
nine and second premolar in stage F showed the highest
percentage distribution (62.5% - 56.3%).

At CVM III, stage G of the second molar and second
premolar showed the highest percentage distribu-
tion in males (80% - 60%), stage G of the second molar
showed the highest percentage distribution in females
(56.5%).

At CVM 1V, stage G of the second molar showed the high-
est percentage distribution in female (75%), stage H of the
first premolar showed the highest percentage distribu-
tion in males (80%).

At CVM V, stage H of the canine and the second molar
and stage G of the second molar showed the highest dis-
tribution in males (100 % - 87.5 % - 0 87.5%). In females,
stage H of the canine and first premolar showed the high-
est percentage distribution (96.2 %,100 %).
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A. Cusp tips are calcified but have not yet fused.

B. Calcified cusps are united so a outlined occlusal surface is well-defined.

C.Enamel formation is complete at the occlusal surface. Dentinal depostion has commenced. The outlines of

D. Crown formation is complete to the cementoenamel junction. The pulp chamber in the uniradicular teeth
is curved, being concave toward the cervical region. In the molars the pulp chamber has a trapezoid form.
The pulp horns are beginning to differentiate. Root formation is seen.

E. The walls of the pulp chamber are straight and the pulp horns are more differentiated. The root length is
less than the crown height. In molars the radicular bifurcation is visible.

E. The walls of the pulp chamber now form an isosceles triangle. The apex ends in a funnel shape. The root
length is equal to or greater than the crown height. In molars the bifurcation has developed sufficiently to
give the roots a distinct outline with funnel shaped endings.

G. The walls of the root canal are now parallel and its apical end is still partially open (distal root in molars).

H. The apical end of the root canal is completely closed (distal root in molars). The periodontal membrane
has a uniform width around the root and the apex.

Figure 1. Tooth Calcification Stages, the Demirjian Method
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Figure 2. CVM Method Stages (Baccetti et al.)

At CVM V], stage G of the canine and second molar, stage
H of the firstand second premolar presented 100% percent-
age distribution in males, and in females stage H for the ca-
nine and second premolar showed 100% distribution.

Spearman rank-order correlation coefficients between
skeletal maturity stages of cervical vertebrae and devel-
opmental stages of teeth are shown in Table 4.

All the correlations between skeletal and dental stages
were statistically significant at P < 0.01.

The correlations ranged from 0.76 to 0.77 for females
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and 0.63 to 0.71 for males.

The second molar showed the highest correlation, as
indicated by an R value of 0.77 (P < 0.01) for female and
second premolar as indicated by R value of 0.71 (P < 0.01)
for male subjects, respectively.

Disagreement between observers was examined with
weighted kappa statistics for tooth calcification stages.
The lowest kappa in tooth calcification stage for the second
molar was 0.974 £ 0.013 and for cervical maturation (CVM)
0.983+0.0100, and it was never more than one stage.

To examine intra-observer reliability, 20 subjects were
re-evaluated by both observers and both methods. The
interval between two evaluations was 4 weeks. The agree-
ment was assessed by weighted kappa statistics, which
was 0.932 £ 0.066 for radiologist and 1 + 0.000 for or-
thodontist in the case of cervical maturation (CVM). For
tooth calcification stages, canine had the lowest kappa
(0.914 + 0.084) for radiologist, but first premolar had the
lowest kappa (0.898 + 0.100) for orthodontist and it was
never more than one stage. These results revealed that
the reproducibility of the diagnosis in observers were al-
most perfect.
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Table 1. Characteristics of Cervical Vertebrae Maturation Stages (CVM Method Baccetti et al.)

Lower Border Lower Border Lower Border Shape of the Shape of the .
Time
of c2 of c3 of ca Body c3 Body c4
Peak in mandibular
CS1 Flat Flat Flat Trapezoid Trapezoid growth would occur on
average 2 years after this
stage.
Peak in mandibular
CS2 Concave Flat Flat Trapezoid Trapezoid growth would occur on
average 1year after this
stage
. Peak in mandibular
. Trapezoid |
Trapezoid/rectan- growth would occur
CS3 Concave Concave Flat . rectangular .
gular horizontal - during the year after
horizontal -
this stage
The peak in mandibular
csa Concave Concave Concave Rectfmgular Rectz.ingular groyvth has occurred
horizontal horizontal within 1 or 2 years
before this stage.
Peakin
At least one of C3 mfor:gtlﬁ llllfsr
CS5 Concave Concave Concave or C4 of the bod- 8
ies is square ended at least
q 1year before
this stage
Peak in mandibular
cs6 Concave Concave Concave Rectanlgular Rectan.gular growth has ended at.
Vertical vertical least 2 years before this
stage
Table 2. Frequency and Percentage of Each CVM Stage
CVM Stages Values?
CS1 58+26.9
CS2 36+16.7
CS3 43+19.9
CS4 31+14.4
CS5 34+t15.7
CS6 14£6.5

3values are presented as mean SD.

4 Avicenna ] Dent Res. 2015;7(2):25051



Ravadgar M et al.

125051

7(2)

)

6'9L 0 9%vE s 0 €ee 0 S 0 S 0 0 H
|8%4 [e]0) 8 S19 S'L8 SL 09 S99 08 881 14 €1 L'ST )
0 0 8¢ 0 sa L9 9t SI S'LE [0} 7'o€ 6°CC al
0 0 0 0 €9 0 A 0] S'LE 013 ¥'0€ L'ST q
0 0 0 0 (0] 0 0 (0] €9 o1 r9c (014 a
0 0 0 0 0] 0 0 (] 0 (0] 0 s o]
JIe[OJAl PUOI3S
oot 001 69 S'L8 ST 09 VLI o€ x4 SI 0 0 H
0 0 8°0¢€ s €99 ov 8vE 09 €9 ST L1T 9'8¢ D
0 0 (0] 0 s 0 R34 oL €99 o€ ¥'o¢€ 9'8¢ d
(0] (0] 0 0 €9 0 v 0 8'8I (0)4 v'o¢€ 6'CC q
0 0 0 0 0 0 0 0 €9 oL €1 {541 a
0 0 0 0 (0] (0] (0] 0 (0] (0] 1554 LS D
Je[OWdI] PU0IAS
€76 001 001 (0]0) 8 g9 08 9t SS s 14 0 Ls H
LL 0 0 0 ST 0z I'6€E oy €1 91 8'vE 9'8C R)
0 (0] 0 0 €9 (0] 2019 S 0S 19 L1T 6°CC d
0 (0] 0 0 €9 0 134 (] €9 14 R34 rLE q
0 (0] 0 0 (0] (0] (0] 0 (0] (0] (0] Ls a
0 0 0 0 0 0 0 0 0 0 0 0 8
Je[ouwrdxJ ISII]
001 (0] 796 001 SL €eL y'o¢€ 14 8'81 (014 134 Lrs H
0 001 8¢ (0] sa L9t 8Ly ov 8'8I 14 LT 6'CC D
0 0 0 0 s 0 A SI S79 (0)74 609 LSy d
0 0 0 0 (0] (0] 1974 0 19574 S1 €1 6°CC q
0 (0] (0] 0 0 0 0 (] 0] 0 0 6°C a
(0] (0] (0] (0] (0] (0] (0] 0 (0] (0] (0] (0] o)
aurue)
d N E | W E | W | W E N d N
IA SNAD ASINAD AISINAD IIISINAD IISINAD ISIWAD

(INAD )aSe)s uoneanyep [eIA]S 8e)s judwdoanaq yioor

28815 IWAD UD®T 1€ YI00] Y2 JO UONIEIYID[ED JO UOIINGLIISIJ 3SeIUDI *E d[qeL

Avicenna | Dent Res. 2015



Ravadgar M et al.

Table 4. Spearman Rank-order Correlation Coefficients Between the Skeletal Maturity

Tooth Spearman’s rho PValue
Male Female
Canine 0.67 0.76 <0.001
First premolar 0.70 0.76 <0.001
Second premolar 0.71 0.76 <0.001
Second molar 0.63 0.77 <0.001
5. Discussion

Racial and sexual variations in the relationship between
calcification stages of individual teeth and skeletal matu-
rity have been reported in previous studies (16, 17, 21-25),
so the present study aimed to evaluate the correlation
between dental maturation stages in panoramic radio-
graphs and cervical vertebral maturation in lateral ceph-
alograms in an Iranian sample.

Using panoramic radiographs was due to their wide-
spread use and availability in orthodontics and pediatric
dental offices.

Though it seems easier to use dental eruption as a dental
maturity indicator, calcification stages of teeth instead of
eruption were preferred, because tooth formation is pro-
posed as a more reliable indicator for determining den-
tal maturation. Many investigators discarded the use of
tooth eruption as an indicator, because it would be affect-
ed by systemic, environmental and local influences. The
exact timing of teeth eruption could not be determined
properly (10-12, 26).

The method introduced by Demirjian et al. (12) was
used to asses dental maturation stages, because its cri-
teria is based on distinct details of the form, shape and
proportion of the root length in developing teeth rather
than just evaluating the teeth length. The latter may be
affected by the factor of foreshortening or elongation of
the projected images of teeth in dental radiographs (16).

The mandibular canine, first and second premolars and
the second molars were investigated as their maturation
occurs around the pubertal growth spurt. Mandibular in-
cisors and first molars were not rated, because apical clo-
sure had probably occurred in the age range of the study
samples (14, 15).

Although development of third molars usually contin-
ues for along time during and after pubertal growth spurt,
many previous studies have shown a weak relationship be-
tween dental maturation and skeletal maturation stages
in these teeth (16, 18, 21); therefore, the third molars were
excluded from the study. The maxillary teeth were exclud-
ed from the study, because superimposition of anatomic
structures in this area would interfere with assessment of
accurate developmental stages of teeth (15,16, 21).

Using cervical vertebral maturation stages (CVM) to
identify skeletal maturation stages in lateral cephalo-
graphs was due to several reasons. One of the main rea-

sons for the increasing popularity of this method is the
common use of these radiographs as a diagnostic tool
among orthodontists treating patients with skeletal dis-
crepancies. Another reason is avoidance of additional
radiation exposure to patient by preventing extra hand
wrist radiograph prescription (1). Previous studies also
confirmed that cervical vertebral maturation stage meth-
od has the level of reliability compared to hand and wrist
radiographs method (27-29).

Since the morphology of the second, third and fourth
vertebrae are usually visible even when a protective ra-
diation collar is worn, the 6 stages method proposed by
Baccetti et al. was used (1, 2, 30).

The Spearman rank order correlation coefficients be-
tween dental calcification and cervical vertebral matu-
ration stages were found to be significant in our study
(P < 001) (Female’s = 0.76 to 0.77 male: 0.63 to 0.71). This
finding is in accordance with the findings of Sierra et al.
(19) (r = 0.63-0.81), Krailassiri et al. (16) (female and male
subjects, r=0.56 - 0.69, P < 001), Uysal et al. (21) (female: r
=0.490 - 0.826, males: r = 0.414 - 0.706, P < 001), Basaran
etal.(15) (r=0.60-0.91) and Perinetti et al. (31) (female and
male subjects, r = 0.67 - 0.72, P < 001), Kalinowska et al.
(32)(r=0.18-0.52 in male, r=0.14- 0.59 in female, P < 001)
and Valizadeh et al. (26) (female subjects, r = 0.34 - 0.75).

To identify skeletal maturity, Sierra et al. (19), Krailassiri
etal.(16) and Uysal et al. (21) used hand wrist radiographs,
but Basaran et al. (15), Perinetti et al. (31), Kalinowska et al.
(32) and Valizadeh et al. (26) used CVM as the skeletal ma-
turity indicator as in our study. The difference in the cor-
relation coefficient in these studies might be related to
discrepancies in the number, age and racial background
as well as the method of teeth selection (19, 25). For exam-
ple, in some studies the relationship of incisors, first mo-
lars and third molars was evaluated. The studies which
assessed the relationship of the selective teeth with skel-
etal maturity showed greater correlation coefficient. The
presence of significant relationship between dental and
skeletal maturity in aforementioned studies might sug-
gest that assessment of dental maturity in panoramic
radiographs can be helpful in determining skeletal ma-
turity. In the study of Perinetti et al. (31), diagnostic per-
formance of dental maturity for identification of skeletal
maturity phase was evaluated using positive likelihood

Avicenna ] Dent Res. 2015;7(2):25051
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ratios (LHRs). With a few exceptions, the positive LHRs
were less than 2 in most cases.

Results of this study showed that dental maturation
assessment is only useful for diagnosis of pre-pubertal
growth phase (CS1,CS2) and using panoramic radiograph
as a sole diagnostic tool to determine initiation of puber-
tal skeletal growth should be performed with caution.

The results of our study regarding the relationship be-
tween developmental of individual teeth and skeletal
development showed that the second premolar in male
subjects (R = 0.71) and second molars in female subjects
(R=0.77) had the highest correlations.

Krailassiri et al. (16) in a Thai sample found highest cor-
relation coefficients for the second premolar in both sex-
es (R=0.66 in boys and R=0.69 in girls) as it is the same
as male subjects of our study.

In the study of Uysal et al. (21) in a Turkish population,
the second molar showed the highest relationship with
skeletal maturity (boys: R = 0.826 and girls: R = 0.706);
their results in girls are in agreement with our study (R=
0.77). Basaran et al. (15) in another Turkish sample found
that teeth with greatest correlation with the skeletal ma-
turity were canine in males and first premolar in females.

In a Polish sample, Kalinowska et al. (32) reported ca-
nine in males (R=0.52) and the first premolars in females
(0.59).

Valizadeh etal.(26)studied the correlation between dental
maturity and skeletal development in 400 Iranian females
and showed that the first premolars presented the highest
relationship with skeletal maturity (R = 0.75). They used a
5-stage CVM method instead 6-stage CYM method that used
in the present study. This might be an explanation for differ-
ences in obtained results of the two studies.

Lack of agreement in the result of different studies re-
garding teeth, which had the highest correlation with
skeletal maturity, may be related to use of different indica-
tors to determine skeletal maturation (Hand wrist radio-
graph method or CVM method), different sample size, dis-
crepancy in racial background of the studied subjects and
different climate and socioeconomic status of patients.

Results of our study showed that at CVM III which is co-
incided with the initiation of pubertal growth spurt, stage
G of the second molar and second premolar (80%, 60%re-
spectively), and stage G of the second molar had the high-
est percentage distribution in females (56.5%). At CVM 1V,
stage G of the second molar in females (75%) and stage H of
the first premolar (80%) had the highest percentage distri-
bution. Uysal et al. (21) in their study stated that strong cor-
relations were found in the premolars and second molars,
which is in agreement with the results of this study.

Chertkow et al. (17) and Chertkow and Fatti (20) report-
ed that stage G of mandibular canine is coincided with
stage Sin hand wrist radiographs, which is the beginning
of the pubertal growth spurt. As in our study, Krailassiri
etal.(16), Uysal et al.(21) and Perinetti et al. (31) showed no
close relationship with pubertal growth spurt and stage
G of mandibular canines.

Avicenna ] Dent Res. 2015;7(2):e25051

Valizadeh et al. (26) in their study of 400 Iranian female
subjects showed that in most subjects (64.8%) root forma-
tion of the canine was completed in the peak of mandib-
ular growth spurt.

Various associations stated in previous studies and the
result of our study might be possibly related to different
methods and approaches in data collection, and for iden-
tification of skeletal or dental maturity indicators, differ-
ence in sample size and racial variations.

The results of the present study suggested that the rela-
tionship between calcification of teeth and maturation of
cervical bones is significant. The second molar presented
the highest relationship in females and the second pre-
molar presented the highest in male population.
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