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ABSTRACT 
 
OBJECTIVES  

To determine the correlation between skeletal and dental maturity using the cervical vertebral maturation 
(CVM) index (CVMI) and Demirjian index (DI) in orthodontic patients.  
 
METHODOLOGY  
 
Panoramic and lateral cephalogram radiographs of 105 patients pretreatment records were retrieved. Tooth 
calcication stages for mandibular left molar were recorded using Demirjian Index on the panoramic 
radiograph. The skeletal maturation stages were evaluated on a lateral cephalogram through CVMI staging. 
Fisher’s exact test and Cramer’s V values were estimated to determine the correlation between DI and CVMI. 
Weighted kappa statistics were used to determine the reproducibility of inter-observer assessment of DI and 
CVMI. A p-value of ≤ 0.05 was taken to be statistically signicant.  
 
RESULTS  
 
A statistically signicant correlation is present among the various stages of DI and CVMI for the males (Fisher 
exact = 25.006, Cramer’s V = 0.848, p = < 0.001)  and   females  (Fisher exact = 41.006,  Cramer’s V = 0.623, 
p = <0.001). A comparison of DI with respect to CVMI shows a more advanced skeletal stage in males than for  
female subjects.  
 
CONCLUSION 
 
The correlation between CVMI and DI stages was found to be highly signicant. Stage D and F of DI were 
signicantly correlated with stage 3 and stage 4 of CVMI in females and males respectively.  
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INTRODUCTION 
 
Dentofacial orthopedics is a modality used in 

orthodontics to modify the growth of the maxilla 
and the mandible. The evaluation of physiologic 
growth status is of prime importance in growth 
modification and correction of skeletal disparity in 
both adolescents and in pediatric patients.1 This 
can be observed in skeletal class II patients 
showing amplied skeletal eects with functional 
appliance therapy during peak mandibular 
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growth.2 Chronological age has a weak correlation 
with the developmental status of an individual 
because many variations are observed in various 
studies performed, thus, imparting the need for the 
concept of physiological age.3 Physiological age 
shows the amount of structural maturity which can 
be determined by using various somatic, skeletal, 
dental, and sexual maturity indicators.4 The 
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skeletal maturity can be evaluated by 
radiographing the various bony structures.5,6 Also, 
these radiographs will require additional radiation 
exposure than the essential diagnostic radiographs 
for orthodontic treatment. In orthodontics, hand 
wrist radiography and lateral cephalograms are 
considered more accurate to calculate the skeletal 
age.7,8 Dental maturity in various studies

9,10

 has been 
been investigated to be an inuential forecaster of 
skeletal maturity.     Dental maturity can be evaluated 
by the eruption phase of teeth and more accurately 
through the calcication stages of the second 
molar.11 It has been found already that 
calcification of the second molar and skeletal 
maturation show the highest correlation.12 
Panoramic and lateral cephalograms are essential 
diagnostic records for an orthodontic examination. 
Skeletal and dental maturation, if evaluated by 
means of these essential diagnostic records would 
avoid exposure to additional radiation as in a hand-
wrist radiograph. This is in accordance with as low 
as reasonably achievable (ALARA) principle.13 
Therefore, the determination of the correlation 
between second molar development using DI and 
skeletal maturation using CVMI in patients 
visiting Peshawar Dental College is needed to see 
the possible variations in the maturation process.   
 
METHODOLOGY 
 
This cross-sectional study was carried out at the 
orthodontic department of tertiary care hospital. 
After Approval from Institutions Review Board 
(Prime/IRB/2021-379), pretreatment panoramic 
and lateral cephalogram of patients were retrieved 
from orthodontic records from November 2021 to 
January 2022. Consent for the usage of records for 
research purposes is taken at the time of 
pretreatment records from each subject. Tooth 
calcification stages for the mandibular left second 
molar were recorded using Demirjian Index on the 
panoramic radiograph of the subject. The skeletal 
maturation stages were evaluated on a lateral 
cephalogram. The data were analyzed using IBM 
SPSS version 20. The descriptive statistics were 
generated for the sample parameters. The means 
and standard deviations of the chronological ages 
for the six stages of CVMI were calculated. 
Weighted kappa statistics were used to determine 
the reproducibility of inter-observer assessment of 
DI and CVMI. After analysis of the data for 
distribution, which came out to be skewed, 
Fisher’s exact test and Cramer’s V value were 
used to seeing the correlation between DI and 
CVMI. The level of signicance was set at ≤ 0.05. 

RESULTS 
 
The mean ages of the subject for DI and CVMI are 
shown in Table 1. The chronologic ages of the 
subjects increased as the stages of DI and CVMI 
advanced.  Correlations between Stages of DI and 
CVMI for male subjects have been presented in 
Table 2. A statistically signicant correlation was 
present among the various stages of DI and CVMI 
for the males (Fisher exact = 25.006, Cramer’s V = 
0.848, p = < .001) and females (Fisher exact = 
41.006, Cramer‘s V = 0.623, p = < 0.001). Table 
2 showed the earlier stages of DI and CVMI were 
correlated with each other. The later stages of DI 
and CVMI were also correlated with each other. 
The highest per cent (100%) distribution of CVMI 
stage 1 was presented in stage E of DI.  Equal 
distribution of stages F and H of DI were seen for 
CVMI stage 4. Most of the subjects at CVMI stage 
5 were represented in stage H of the DI. The 
subject at stage H of DI displayed 100% 
distribution with CVMI stage 5 and stage 6. 
Correlations between Stages of DI and CVMI for 
male subjects have been presented in Table 3. A 
statistically highly signicant correlation was 
present among the various stages of DI and CVMI 
for the females (Fisher exact = 41.01, Cramer’sV= 
0.623, p = < 0.001). Again the earlier stages of DI 
corresponded with earlier stages of CVMI and 
conversely, later stages the DI stage later the 
CVMI stage. The DI Stages F and H in female 
subjects showed equally representation in stages 3 
and 4 of CVMI. Tables 2 and 3, when compared 
mutually, showed that all the stages of DI in 
relation to CVMI in male subjects were more 
advanced than in female subjects. Weighted kappa 
statistics showed a strong interobserver agreement 
for DI (0.88) and CVMI (0.84). 
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Table 1: Mean Ages of Subjects for DI and CVMI.  
Variable Mean ± SD Variable Mean ± SD 
CVMI 1 11.0 ± .001 DI Stage E 11.0 ± .001 
CVMI 2 10.0 ± .001 DI Stage F 12.0 ± 1.5 
CVMI 3 15.7 ± 7.05 DI Stage G 14.1 ± 3.6 
CVMI 4 18.6 ± 5.19 DI Stage H 19.3 ± 4.3 
CVMI 5 17.5 ± 2.81 - - 
CVMI 6 18.4 ± 2.96 - - 
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Table 2: Correlations between DI and CVMI for Males. 
Variable Stage E Stage F Stage H Total 

CVMI 1 
04 
0.5 
100%* 

0 0 04 
04 
100% 

CVMI 4 
0 03 

0.6 
50% 

03 
4.6 
50% 

06 
06 
100% 

CVMI 5 
0 0 15 

11.6 
100%* 

15 
15 
100% 

CVMI 6 
0 0 06 

4.6 
100%* 

06 
06 
100% 

N = 31, Fisher exact = 25.08, Cramer’s V = 0.848,  
P˂ 0.001 

 
Table 3: Correlation between DI and CVMI for Females.
Variable Stage F Stage G Stage H Total 

CVMI 2 
03 
0.2 
100%* 

0 0 03 
03 
100% 

CVMI 3 
0 06 

2.4 
66.7% 

03 
06 
33.3% 

09 
09 
100% 

CVMI 4 
03 
1.7 
12% 

03 
6.7 
12% 

19 
16.6 
76% 

25 
25 
100% 

CVMI 5 
0 15 

8.9 
45.5% 

18 
21.9 
54.5% 

33 
33 
100% 

CVMI 6 
0 0 19 

12.6 
100%* 

19 
19 
100% 

Total 
6 
6 
6.7% 

24 
24 
27% 

59 
59 
66.3% 

89 
89 
100% 

N = 89, Fisher exact = 41.01, Cramer’s V = 0.623,  
P˂ 0.01. 
 
DISCUSSION 

This study was conducted to determine the 
correlation of skeletal and dental maturity using 
the CVM index (CVMI) and Demirjian index (DI) 
in orthodontic patients, for this purpose panoramic 
and lateral cephalogram of 105 patient’s 
pretreatment records were retrieved. In this study, 
a statistically signicant correlation was present 
among the various stages of DI and CVMI for the 
males and females with more advanced skeletal 
stages in males than for female subjects. 
Determining the skeletal age of the patient is an 
important aspect of orthodontic treatment. 
Utilizing the growth of the maxilla and mandible 
for the correction of three-dimensional facial 
skeletal deformities, need the determination of 
critical timing in skeletal growth status.  For this 
reason, several methods have been devised to 
assess the skeletal maturity status of the patients. 
Cervical vertebral maturation index (CVMI) is the 
most common method used to assess the skeletal 

growth status in orthodontic patients.  In addition 
to CVMI, other methods are used to assess growth 
status which include, the hand wrist radiograph 
and dental maturity index.7,8,9 Several studies have 
been carried out to determine the correlations 
among these indices.11,12,14,15  This approach makes 
the identication of the skeletal maturity stage 
more cost-eective and accurate. The required 
information is obtained from the radiographs most 
commonly available without exposing the patient 
to extra radiation harmful dosage and decreasing 
the cost. The use of a panoramic radiograph for 
assessing the dental age and thus growth 
maturation is practical and convenient. The 
radiation exposure with an additional hand wrist 
radiograph for assessing the growth maturation 
status can be avoided with the panoramic 
radiograph fullling the same purpose.16 The 
relative additional cost and harmful radiation 
exposure with hand wrist radiographs make them 
impractical and unnecessary to be used for growth 
maturation assessment. Several studies have 
evaluated the association between dental maturity 
index and CVMI and have found statistically 
signicant results.17,18 However, some have also 
found a weak or insignicant correlation between 
skeletal and dental maturity.19 In the present study 
we have found a highly signicant association 
between the DI and CVMI. Males and female 
subjects have dierent biological clocks set for the 
development of skeletal and dental maturity. 
Therefore, it is most important to evaluate the 
maturity stages of males and females separately. A 
study reported that girls, when compared to male 
subjects, appear more advanced in each CVMI 
stage. Females were highly distributed towards 
late dental development in this present study at the 
same cervical maturation stage. To elaborate more 
in-depth, the evaluation of male and female 
subjects for DI and CVMI were made separately in 
the present study. The male subjects in this study 
showed that DI stages are more advanced with 
respect to the stages of CVMI. On the contrary, the 
female subject showed earlier stages of DI in 
relation to CVMI. Moreover, the DI of the second 
molar in the mandible was highly correlated with 
the CVMI of subjects. The ndings of the previous 
study showed more advanced tooth maturation in 
boys in relation to skeletal maturation when 
compared to female subjects. The CVMI 3 is an 
important stage of skeletal maturity for the best 
treatment time. This stage denotes the accelerated 
growth spurt which follows within a year after its 
appearance. The identication of the DI stage 
which shows the greatest correspondence with the 
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