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Background: Assessment of growth status of a patient is a key component in orthodontic
diagnosis and treatment planning for growing patients with skeletal discrepancy. Skeletal matu-
ration based on hand-wrist radiograph and cervical vertebral maturation (CVM) are commonly
used methods of growth assessment. Studies have shown that stages of dental calcification can
also be used to assess skeletal maturation status of an individual, whereas other studies have
suggested that the relationship between dental calcification and skeletal maturation should be
interpreted with caution owing to racial variation.

Obijective: To evaluate the relationship between permanent mandibular second molar calcifi-
cation stages and skeletal maturity assessed by CVM among a group of Nepalese orthodontic
patients.

Materials and methods: One hundred and sixty-eight digital radiographs (84 orthopan-
tomograms and 84 lateral cephalograms) were obtained from the records of 84 patients who
sought orthodontic treatment in Orthodontic and Dentofacial Orthopaedic Unit, Department of
Dentistry, Institute of Medicine, Kathmandu. Two parameters were used in this study, namely,
CVM stages from lateral cephalogram and Demirjian index (DI) stages from orthopantomogram.
The evaluation of digital radiographs was carried out on a computer screen with a resolution of
1,280x800 pixels. The association between DI stages of permanent mandibular second molar
and CVM stages was assessed.

Results: A statistically significant association was found between DI and CVM stages for both
male and female subjects with Pearson’s contingency coefficient value of 0.751 and 0.766 for
male and female subjects, respectively.

Conclusion: Skeletal maturation can be reliably assessed with dental calcification stages of
permanent mandibular second molar for Nepalese orthodontic patients.

Keywords: cervical vertebral maturation, Demirjian index, lateral cephalogram, ortho-
pantomogram

Introduction
Assessment of growth status of a patient is of paramount importance in the practice of
clinical orthodontics. Knowledge of the growth status is a key component in diagnosis
and treatment planning, especially in patients with skeletal discrepancy where an ortho-
dontist intends to utilize the growth potential of the patients.! Hence, it is important to
know whether the pubertal growth spurt of the patient has been reached.

Several methods have been used to assess the timing of peak pubertal growth
spurt, such as chronological age, height and weight measurements, secondary sexual
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characteristics, skeletal maturity evaluation, and dental
maturity assessment. Chronological age is not always reliable.>?
Similarly, somatic characteristics such as height and weight
changes and secondary sexual characteristics have limited
value for immediate clinical judgment.* Although hand-wrist
radiograph is a gold standard for skeletal maturity assessment,
its use in orthodontic patients increases the radiation exposure
to the patients, and it is especially true for young children
who need growth assessment the most. It has been found that
cervical vertebral maturation (CVM) can be used with the
same confidence as hand-wrist radiographs to evaluate skeletal
maturity, thus avoiding the need for an additional radiograph.’
Hence, skeletal maturation based on CVM on lateral cephalo-
gram has become popular among orthodontists.

Lately, different studies have shown that stages of dental
calcification seen in orthopantomogram can be used to assess
skeletal maturational status of an individual,"*'° whereas
studies have also suggested that the relationship between
dental calcification and skeletal maturation should be inter-
preted with caution owing to racial variation.!:¢!!12

If a strong relationship exists between CVM and dental
calcification stages, the stages of dental calcification could be
used alongside CVM to assess maturational status of orthodon-
tic patients. Thereby, an additional radiograph for orthodontic
patients (hand-wrist radiograph) could be avoided, thus reducing
the patient’s radiation exposure. Hence, it was hypothesized that
there exists a strong association between permanent mandibular
second molar calcification stages and CVM stages among Nep-
alese orthodontic patients. The primary objective of this study
was to evaluate the relationship between permanent mandibular
second molar calcification stages and skeletal maturity assessed
by CVM among a group of Nepalese orthodontic patients. The
secondary objective was to correlate the stages of CVM with the
stages of permanent mandibular second molar calcification.

Materials and methods
One hundred and sixty-eight digital radiographs (84 orthopan-
tomograms and 84 lateral cephalograms) were obtained from
the records of 84 patients who sought orthodontic treatment in
Orthodontics and Dentofacial Orthopaedic Unit, Department
of Dentistry, Institute of Medicine Kathmandu, Nepal. All the
radiographs were taken following the standard protocols.
Radiographs of Nepalese orthodontic patients of chrono-
logical age ranging from 8 to 18 years were enrolled in the
study. The patients with the following characteristics were
excluded from the study:
1. Abnormal dental conditions such as impaction, transposi-
tion, and congenitally missing teeth;

2. history of trauma to the face and neck region;
3. history of previous orthodontic treatment; and
4. poor quality radiograph with image distortion.

Ethical clearance was obtained from the Institutional
Review Board of Institute of Medicine for conducting the
study. Patient consent was deemed not relevant because
the radiographs were obtained from the archives of the
department.

Two parameters were used in this study, namely, CVM
stages" for skeletal maturity and Demirjian index (DI)" for
dental maturity. For each sample, CVM was evaluated by clas-
sifying the second (C2), third (C3), and fourth (C4) cervical
vertebrae into six stages depending on maturation patterns
depicted on the lateral cephalogram using the classification
system of Baccetti et al.!* For dental maturity evaluation, cal-
cification stages of permanent mandibular left second molars
were assessed by one of the eight stages of calcification (A—H)
as per the index described by Demirjian et al.'* The evalua-
tion of digital radiographs (orthopantomograms and lateral
cephalograms) was carried out on a computer screen with a
resolution of 1,280x800 pixels. After evaluation, each lateral
cephalogram was assigned a CVM stage. Similarly, each
orthopantomogram was assigned a dental maturity stage.

The following assumptions were made for sample size
calculation:

a) Type I error (or) =0.05
b) Type II error () =0.20
¢) Power (1-[)=0.80

According to a study conducted among Indian population,*
correlation coefficient between dental maturity assessed by
DI'* and CVM" was found to be 0.85 and 0.86 for male and

Table | Distribution of chronological ages of all subjects grouped
by CVM stages

CVM stage Sex

Number of Chronological age

subjects (years)

Average SD
Stage | Male 7 10.42 0.78
Female 7 8.85 0.89
Stage 2 Male 7 12.14 1.06
Female 7 10 1.73
Stage 3 Male 7 13.57 0.53
Female 7 12.71 0.95
Stage 4 Male 7 14.42 0.48
Female 7 14.42 1.51
Stage 5 Male 7 15.58 1.06
Female 7 15.42 0.8l
Stage 6 Male 7 17.57 0.53
Female 7 16.42 1.51

Total 84 (42 males and 42 females)

Abbreviations: CVM, cervical vertebral maturation; SD, standard deviation.
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Table 2 Association between CVM and DI for female subjects (contingency table)

CVM stages DI stages Total
D E F G H
Stage | Frequency 4 3 7
Percentage 57.10 42.90 100
Stage 2 Frequency 2 4 | 7
Percentage 0.286 57.10 14.30 100
Stage 3 Frequency | 2 3 | 7
Percentage 14.30 28.60 42.90 14.30 100
Stage 4 Frequency 5 2 7
Percentage 71.40 28.60 100
Stage 5 Frequency 4 3 7
Percentage 57.10 42.90 100
Stage 6 Frequency 7 7
Percentage 100 100

Note: »?(20)=59.738; Pearson’s contingency coefficient (C) =0.766, P<<0.001 (significant).

Abbreviations: CVM, cervical vertebral maturation; DI, Demirjian index.

female subjects, respectively. Comparing these values with
standard Cohen’s correlation table, keeping power of study
as 0.80, seven subjects were needed for each group. There
were six groups according to CVM stages (CVM1-CVMO6)
with each group comprising seven males and seven females
with a total of 84 samples.

Data collection was done using Microsoft office Excel
sheet. Chi-square values and Pearson’s contingency coeffi-
cients were calculated using IBM SPSS Statistics version 20
(IBM Corporation, Armonk, NY, USA). Twenty-five percent-
age of lateral cephalograms and orthopantomograms were
reassessed 2 weeks after the initial assessment to calculate
the intraobserver reliability.

Results
The average chronological ages of male and female subjects
were 13.99 and 12.97 years, respectively. It was found that

Table 3 Association between CVM and DI for male subjects
(contingency table)

the average chronological age of male subjects was greater
compared with female subjects in each group except stage
4, which was statistically significant (Table 1).

The kappa statistics for intraobserver agreement were
found to be 0.87 and 0.82 for DI and CVM assessments,
respectively. There was almost perfect intraobserver agree-
ment for both DI and CVM assessments.

A statistically significant association was found between
CVM and DI for female (Table 2) and male subjects
(Table 3).

It was found that CVM stages 3 and 4, which represent peak
skeletal growth spurt, corresponded with DI stages F and G for
female subjects and DI stage G for male subjects (Table 4).

Discussion

This cross-sectional study was conducted in an effort to
elucidate the relationship between mandibular permanent
second molar calcification stage and skeletal maturation
among a group of Nepalese orthodontic patients. Growing
patients aged 8—18 years were enrolled in the study because

CVM stages DI stages Total
D E F G H orthopedic growth modification is possible only at this age.
Stage | Frequency | 2 4 7 Also, the male and female samples were separately assessed
Percentage 14.30 28.60 57.10 100 because studies have shown that dental development is
Stage 2 Frequency 3 3 | 7 affected by sex. 1415
Percentage 4290 4290 1430 100
Stage 3 Frequency 6 | 7
Percentage 85.70 14.30 100
Stage 4 Frequency 6 I 7 Table 4 Association between CVM stages and Dl stages for male
Percentage 85.70 1430 100 and female subjects
Stage 5 Frequency 7 7 CVM stages DI stages
Percentage 100 100 Femnales Males
Stage 6 Frequency 7 7
Percentage 100 100 Stages | and 2 DandE Eand F
Note: 72(20)=54.253; P ’ i ffici “0751, poogol  ages3andd Fand G G
'o fa. 2*(20)=54.253; Pearson’s contingency coefficient (C) =0.751, . Stages 5 and 6 Gand H H
(significant).
Abbreviations: CVM, cervical vertebral maturation; DI, Demirjian index. Abbreviations: CVM, cervical vertebral maturation; DI, Demirjian index.
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Many studies have attempted to determine whether
there is a relationship between the level of skeletal
maturity and the developmental stages of the permanent
dentition. Demisch and Wartmann,'® Chertkow and Fatti,”
Coutinho et al,” Krailassiri et al,' and Engstrom et al'® have
reported a high correlation between dental and skeletal
ages. However, there are studies that have reported low
or insignificant correlations between the level of skeletal
and dental maturation.!** The lack of concordance among
the results of these studies may be due to the difference in
methods used for assessing skeletal and dental maturity and
racial variations present. It has been suggested that racial
variations also play a role in the relationship of dental and
skeletal maturation.’®!12 Hence, there was a need of this
study among a group of Nepalese orthodontic patients to
know whether mandibular second molar calcification stages
could be used to assess the skeletal maturation among
Nepalese patients.

Demirjian et al’s method was used for dental maturity
assessment because this method has been found to the
easiest and clearest method with low intraexaminer and
interexaminer error.**' Demirjian et al, in his seminal article,
had observed the mineralization of all the permanent teeth
on the left side of the mandible except third molar to assess
the overall dental maturity.'* But only the mineralization
stages of second permanent molar were used in this study
because they closely correspond to the different stages of
pubertal growth spurt. Mineralization stages of incisors
cannot be used for the purpose because the root formation
of these teeth is completed by the age of 9-10 years. There
are some obvious drawbacks associated with the selection
of mandibular canine and third molars for estimation of
maturity. Apex closure of mandibular canine occurs by the
age of 13 years,?” wherein growth in most children extends
upto the age of 16-17 years. Even though Coutinho et al’
and Chertkow?® have advocated the use of mandibular canine
calcification stages for assessment of skeletal maturity,
this method was not adopted for this study because of the
aforementioned reason. Krailassiri et al' suggested that
the interpretation of the relationship between the stage of
dental and skeletal development of the canine teeth and the
late stages of skeletal maturity was not meaningful because
they found that a large number of canines and first premolars
had already attained apical closure during the later stages of
skeletal maturation. The findings of Krailassiri et al' have
been supported by another study by Uysal et al.!' Accord-
ing to Usyal et al,!! second molar calcification showed the
highest correlation with skeletal maturity. On the other

hand, third molars are the most commonly missing teeth in

human dentition, which makes it an unreliable parameter

for maturity assessment.

In this study, the second molar of the mandibular arch
was used for assessment of dental maturity because the roots
of mandibular second molars are easily visible in orthopan-
tomogram, whereas the maxillary molar roots overlap with
numerous anatomic structures such as the zygomatic arch
and the maxillary sinus septum obscuring the roots.

Also, permanent second molar on the left side of the
mandible was only assessed in this study because:

1. There is no statistically significant difference between the
developments of two sides of the mandible.?*** Hence,
either side could be chosen.

2. Demirjian et al'* had performed the study on the left side
of mandible, and the same index was being used in this
study.

Though some authors?’ believe that there is 3%—10%
enlargement of the image on the left side of the mandible on
orthopantomogram, this is not a serious drawback, because
the DI is based on shape criteria and relative values but not
on absolute lengths.

Twenty-five percent age of samples were reassessed for
CVM and dental maturity after 2 weeks of initial assessment.
The kappa values for CVM and dental maturity assessment
were calculated to be 0.824 and 0.867, respectively. These
values were less than those of the studies by Kumar et al* and
Valizadeh et al,?® but still were indicative of almost perfect
agreement.

This study indicated a statistically significant association
between the dental maturity as assessed by mandibular second
molar calcification and skeletal maturity evaluated by CVM.
The Pearson’s correlation coefficients between the dental
maturity and the skeletal maturity were found to be 0.751
and 0.766 for males and females, respectively, suggestive
of good-to-excellent correlation. Similar correlations were
reported by Uysal et al'! and Mittal et al.”® However, studies
by Rozylo-Kalinowska et al,'* Valizadeh et al,”® and Rai*® have
reported a weaker correlation. However, there are studies that
have reported a much stronger correlation between dental
maturity and CVM compared with this study.*?

This study suggested that DI stages E and F showed the
highest percent age distribution at stages 1 and 2 of CVM
(prepeak skeletal growth) for males. Similarly, DI stage
G corresponded with CVM stages 3 and 4 (peak skeletal
growth) and DI stage H corresponded with CVM stages 5
and 6 (postpeak skeletal growth). In females, though, DI
stages D and E corresponded with CVM stages 1 and 2
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(prepeak skeletal growth), DI stages F and G corresponded
with CVM stages 3 and 4 (peak skeletal growth), and DI
stages G and H corresponded with CVM stages 5 and 6

(postpeak skeletal growth). The findings of this study differ

from the findings of the study by Kumar et al* and Cossellu

etal’! in a sense that males and females reach the peak skeletal

growth spurt at slightly different stages of dental maturity.

Males are at peak skeletal growth spurt at DI stage G, whereas
the females reach the peak at DI stages F and G. The finding
of this study, that the peak skeletal growth spurt coincides

with DI stage G (particularly in males), supports the findings

of previous studies by Chertkow® and Coutinho et al.”

According to this study, the mandibular second molar

calcification stage can be reliably used for assessment of

skeletal maturation of Nepalese orthodontic patients who

need growth modification. However, a few studies**** have

shown that the dental development is affected in some

enamel pathologies such as molar incisor hypoplasia and

amelogenesis imperfecta. Hence, a similar study in patients

with enamel pathologies is recommended to evaluate whether

dental calcification stages can be used for the assessment of

skeletal maturation in those patients.

Conclusion

1.

Skeletal maturation can be reliably assessed with dental
calcification stages of permanent mandibular second
molar for Nepalese orthodontic patients.

2. The timing of peak skeletal maturation coincides with
dental calcification stages F and G for females and stage
G for males.
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