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Objectives. To investigate the relationship between cervical vertebrae maturation and mandibular second
molar calcification stages.Study design: The study was designed as a retrospective, descriptive and cross-
sectional research project. Pre-treatment lateral cephalograms and panoramic radiographs of 99 males
and 110 females in the age range of 7 to 18 years 7 months were evaluated with Demirjian Index (DI) and
cervical vertebrae maturation indicators (CVMI) of Hassel and Farman. A null hypothesis was proposed that
there is no relation between CVMI and DI. Results: A highly significant association (Pearson s contingency
coefficient 0.713 for males and 0.863 for females) was found between DI and CVMI. In males, the DI stage E
corresponded to stage 2 of CVMI (pre—peak of pubertal growth spurt) and DI stages F and G corresponded
to stages 3 and 4 of CVMI (peak of pubertal growth spurt). DI stage H was associated with stages 5 and 6 of
CVMI (end of pubertal growth spurt). In females, the DI stages C, D corresponded to CVMI stages 1, 2; DI
stages E, F with CVMI stages 3, 4, DI stages G, H with CVMI stages 5, 6.

Conclusion: Mandibular second molar calcification stages can be used as indicators for assessment of
skeletal maturity.

Key words: Skeletal maturation, Cervical vertebrae maturation indicators, Demirjian Index, Mandibular

second molar.

INTRODUCTION

nowledge of the maturation status and the ensuing

cranio-facial growth of a patient is of utmost importance

for a clinician. These factors influence the interdisciplinary
clinical decisions, treatment plan, and eventual outcomes of the
dentofacial orthopaedic, prosthetic, and orthognathic surgical treat-
ment."? A timely analysis of the patient’s growth potential helps the
pedodontists and orthodontists take advantage of active growth and
achieve more skeletal changes in dentofacial structures. The adoles-
cent growth spurt is a period of sudden increase in growth when the
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maximum skeletal changes are seen in the body and the face and,
thus, any dentofacial orthopaedic intervention during that period
helps to achieve more skeletal effects and stable treatment results.>*

Determination of biologic age is the most reliable method for
the assessment of skeletal maturation.’ Hand-wrist x-rays have been
used for many decades to study ossification-related events as the
skeletal maturity indicators.®® Hassel and Farman proposed cervical
vertebrae maturation indicators (CVMI) observed on the lateral
cephalograms to assess the skeletal maturity levels and correlated
it with Fishman’s skeletal maturity indicators (SMI) as assessed on
hand-wrist x-rays.’ Further studies confirmed that the CVMI stages
are consistently correlated with skeletal maturity indicators in the
hand. CVMI is, thus, considered a reliable indicator for assessment
of skeletal maturity of an individual.!*-?

Dental calcification stages have also been suggested to assess the
skeletal maturity level of an individual. Morris and Park concluded
that there is a strong relation between dental maturity and skeletal
maturity as assessed from the radiographs. The study indicated that
dental maturation can be used as an initial estimator and an adjunct
in evaluating the skeletal growth status of the individuals.? Exam-
ination of the dental calcification stages is the quickest and most
accessible method to assess the skeletal maturity. It can be done
using the routine radiographs e.g. intra-oral periapical view (IOPA)
for the initial estimation of skeletal growth.? Studies have found that
assessment of mandibular second molars calcification stages can be
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used as predictors of skeletal maturation."'*!7 It can be performed
on an IOPA or panoramic radiograph (OPG), which will avoid addi-
tional radiation exposure to obtain hand - wrist radiograph.

The lateral cephalograms and OPGs are routine pre-treatment
diagnostic radiographs taken for orthodontic treatment and can be
used to assess the skeletal maturation levels.® Limited published
evidence is available on the correlation of mandibular second molar
calcification stages and skeletal maturity. This study was carried
out to evaluate the mandibular second molar calcification stages as
predictors of skeletal maturity.

The objective of this study was to investigate the relationships
between the cervical vertebra maturation and the mandibular second
molar calcification stages. A null hypothesis was proposed that there
is no significant relationship between cervical vertebrae maturation
and mandibular second molar calcification stages.

MATERIALS AND METHOD

This study was designed as a retrospective, descriptive, and
cross-sectional research project.

Traditional films of pre-treatment OPGs and lateral cephalo-
grams of 209 subjects (99 male and 110 female) of Rwanda origin
were randomly selected from the records of orthodontic patients
at King Faisal Hospital, Rwanda Biomedical Centre, affiliate of
National University of Rwanda, Rwanda. Only one set of the radio-
graphs of each subject were selected for this study. The serial radio-
graphs of the same subject were not included in this study.

The subjects within the age range of 7 to 19 years were selected
in this study, because most of the patients seeking orthodontic treat-
ment belong to this age group, and are at different stages of skeletal
maturity. Subjects having normal overall growth and development
and absence of previous orthodontic treatment were considered
for the study. Any subject having abnormal dental conditions such
as impaction, transposition, and congenitally missing teeth, and
previous history of trauma were not selected. Subjects with any
gross skeletal deformities e.g. clefts, hemiatrophy, hypertrophy and
gross facial asymmetry were also not included in the study.

Radiographic assessments were performed on a back- illu-
minated radiographic view box in a darkened room by a single
examiner.

Evaluation of cervical vertebrae maturity (CVMI)
on lateral cephalogram

CVMI was evaluated by using the method proposed by Hassel
and Farman (Table 1).°

Evaluation of dental maturity (DI) on panoramic
radiograph
The mandibular left second molar calcification stages were

assessed according to method proposed by Demirjian et al (DI)
(Table 2).°If the left side tooth was not clear, then its counterpart on
the right side was evaluated.

Randomly selected records of 15 patients were re-evaluated after
2 weeks of first evaluation to test the reproducibility of assessments
of DI and CVMI, and data was evaluated in terms of the weighted
kappa statistics. The kappa statistics for intra-observer agreement
were 0.86 for DI assessments and 0.89 for CVMI assessments,
showing acceptable intra-observer agreement.

Statistical analysis

Statistical analyses were performed using SPSS 13.0, SPSS
Inc, Chicago, Ill., and Epi Info 3.4.3 (CDC, Illinois). Descriptive
statistics were calculated for both genders to determine the sample
distribution, the means and the standard deviations of the mean ages
for the CVMI stages and the DI stages of mandibular second molars.
Cross-tabulation was done to find distribution of DI stages among
CVMI stages stratified by the gender. Mann Whitney / Wilcoxon
Two-sample test (Kruskal Wallis test for 2 groups), the Pearson
chi-square test values (%) and Pearson contingency coefficient were
also estimated to determine the relationships between DI and CVMI
among the genders. A p-value of < 0.01 was considered as statisti-
cally significant.

Table 1: Cervical vertebra maturation indicators (CVMI, Hassel and Farman)®

Amount of growth

Stage Stage Characteristics
expected
1 L C2, C3, and C4 inferior vertebral body borders are flat. Vertebrae are wedge-shaped.
Initiation 80% - 100% ) . .
Superior vertebral borders are tapered posterior to anterior.
2 ) Concavities are developing in the inferior borders of C2 and C3. The inferior border
Acceleration 65% - 85% . ) .
of C4 is flat. The bodies of C3 and C4 are nearly rectangular in shape.
3 Distinct concavities are seen in the inferior borders of C2 and C3. A concavity is
Transition 25% - 65% beginning to develop in the inferior border of C4. The bodies of C3 and C4 are

rectangular in shape.

4 Deceleration of adolescent growth spurt. Small amount of adolescent growth

Deceleration 10% - 25%

expected. Distinct concavities in the inferior borders of C2, C3, and C4. C3 and C4

are nearly square in shape.

5 Final maturation of the vertebrae takes place during this stage. Insignificant amount

Maturation 5% - 10%

of adolescent growth expected. Accentuated concavities of inferior vertebral body

borders of C2, C3, and C4. C3 and C4 are square in shape.

6 Adolescent growth is completed. Deep concavities are seen in inferior border of C2,
C3, and C4. C3 and C4 heights are greater than widths.

Completion Little or no growth
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RESULTS

The study involved records of 47.4% (n=99) males and 52.6%
(n=110) females. The age range of the study sample was from 7
years to 18 years 7 months. The mean age of the males was 13.27
years (SD = 2.1 years), of the females was 12.9 years (SD = 2.26
years), and of the total sample was 13.08 years (SD = 2.18 years).

Table 3 shows the percentage distribution and mean ages of
all the subjects grouped by CVMI stages and gender. Each stage
appeared earlier in the females as compared to the males (Figure
1). Mann Whitney / Wilcoxon Two-sample test (Kruskal Wallis test
for 2 groups) showed highly significant differences among various
CVMI stages in both the genders. The chi square values were ¥*(5)
=81.57, p <0.001, and ¥*(4) = 59.08, p <0.001 for the females and
the males respectively.

Table 4 shows the mean ages at different DI stages of mandib-
ular second molar in both the genders. Females achieved subse-
quent maturation stage of second molar earlier than males (Figure
2). Mann Whitney / Wilcoxon Two-sample test (Kruskal Wallis
test for 2 groups) showed significant differences among various
DI stages in both the genders. The chi square values were ¥*(5) =
77.23, p <0.001, and ¥*(4) = 56.68, p <0.001 for the females and
the males respectively.

Table 2: Dental Calcification Stages Using Demirjian Index (DI)*

Table 5 shows the association and distribution between CVMI
stages and the DI stages of mandibular second molar in males. The
chi square value ¥*(16) was 72.8 (p <0.001). The Pearson contin-
gency coefficient was 0.713 and showed a significant association
between DI and CVMLI. In males, the DI Stage E showed the highest
distribution at CVMI stage 2 (pre—peak of pubertal growth spurt)
and DI stages F and G showed a large distribution in CVMI stages 3
and 4 (peak of pubertal growth spurt). Stages F and G were almost
equally distributed in CVMI stage 4. DI stage H was associated with
stages 5 and 6 of CVMI (end of pubertal growth spurt).

Table 6 shows the association and distribution between CVMI
stages and the DI stages of mandibular second molar in females. The
chi square value ¥*(25) was 179.64 (p <0.001). The Pearson contin-
gency coefficient was 0.863 and showed a significant association
between DI and CVMI. The statistical values for the females were
higher than the males showing stronger association in females. It
was also observed that the lower CVMI stages were more frequently
associated with lower DI stages in both genders and vice versa. In
females, the DI stages C, D corresponded to CVMI stages 1, 2; DI
stages E, F with CVMI stages 3, 4; DI stage G with CVMI stage 5,
and DI stages G, H with CVMI stage 6.

Stage Characteristics

A Calcification of single occlusal points without fusion of different calcifications.

B Fusion of mineralization points; the contour of the occlusal surface is recognizable.

C Enamel formation has been completed at the occlusal surface, and dentin formation has commenced. The pulp chamber is
curved, and no pulp horns are visible.

D Crown formation has been completed to the level of the cementoenamel junction. Root formation has commenced. The pulp
horns are beginning to differentiate, but the walls of the pulp chamber remain curved.

E The root length remains shorter than the crown height. The walls of the pulp chamber are straight, and the pulp horns have
become more differentiated than in the previous stage. In molars, the radicular bifurcation has commenced to calcify.

F The walls of the pulp chamber now form an isosceles triangle, and 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 form.

G The walls of the root canal are now parallel, but the apical end is partially open. In molars, only the distal root is rated.

H The root apex is completely closed (distal root in molars). The periodontal membrane surrounding the root and apex is

uniform in width throughout.

Table 3: Percentage distribution and the mean chronological ages of
all the subjects grouped by various CVMI stages

CVMI  Females Males Mean age Mean age
stages n (%) n (%) males females
Years £ SD Years £ SD
1 2(1.8) 0(0) 7.33+0.47
2 8(7.3) 10(10.1) 11.05+1.7 9.9+1.17
3 13(11.8) 38(38.4) 12.13+1.28 10.8+1.05
4 23(20.9) 19(19.2) 13.4£1.37 11.9£1.75
5 25(22.7)  15(15.2) 14.1+1.06 12.840.9
6 39(35.5) 17(17.2) 16.2+1.45 15.15+1.45

Mann Whitney / Wilcoxon Two-sample test (Kruskal Wallis test for 2
groups): (For females, x3(5) = 81.57, p <0.001; For males, x*4) =
59.08, p <0.001)

The Journal of Clinical Pediatric Dentistry ~ Volume 39, Number 1/2014

Table 4: Mean age of different DI stages of mandibular second
molar in genders and the gender difference

DI stages of
. Males mean age * Females mean age
mandibular
SD, years * SD, years
second molar
Cc 7
D 9.6 +1 9.0 +0.95
E 11.28 1.3 10.78 +1.2
F 12.66 +1.1 11.71 1
G 14.05 +1.6 13.4 £1.25
H 15.46 +1.64 15.64 +1.44

Mann Whitney / Wilcoxon Two-sample test (Kruskal Wallis test for 2
groups): (For females, x3(5) = 77.23, p <0.001; For males, x%(4) =
56.68, p <0.001)
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Table 5: Contingency table showing association and distribution
between DI for mandibular second molar and CVMI stages

for males
DI for mandibular second molar
CVMI stages (o3 D E F G H Total
1 Frequency
2 Frequency 2 5 2 1 10
3 Frequency 2 9 18 9 38
4 Frequency 9 1 19
5 Frequency 3 8 15
6 Frequency 6 11 17

Total Frequency 0 4 16 31 28 20 99

(x3(16) = 72.8, p<0.001, Pearson’s contingency coefficient between
CVMI & Dl is 0.713 at p<0.001)

Table 6: Contingency table showing association and distribution
between DI for mandibular second molar and CVMI stages

for females
DI for mandibular second molar
CVMI stages C D E F G H Total
1 Frequency 1 1 2
2 Frequency 4 2 2 8
3 Frequency 6 7 13
4 Frequency 1 2 12 6 2 23
5 Frequency 1 8 15 1 25
6 Frequency 1 17 21 39

Total Frequency 1 6 11 28 40 24 110

(x3(25) = 179.64, DF = 25, p<0.001, Pearson’s contingency coefficient
between CVMI & Dl is 0.863 at p<0.001);

Figure 1: Mean age at each CVMI stage in both genders.
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For the pooled sample, the chi square value }*(25) was 272.36
(p <0.001), and the Pearson contingency coefficient between CVMI
and DI was 0.752 at p<0.001. Thus, a significant relationship was
found to exist between CVMI stages and mandibular second molar
DI stages in both the genders. Comparison of Tables 5 and 6 also
shows that the DI in male subjects was more advanced than in
female subjects with respect to CVMI stages.

DISCUSSION

Many methods have been suggested by researchers for predic-
tion of skeletal maturity level of an individual.>*** Use of hand-
wrist radiographs leads to unnecessary radiation exposure. Lateral
cephalograms and the OPGs taken as pre-treatment records for
the orthodontic patients can be used to assess skeletal maturity by
studying the cervical vertebrae maturation and the dental calcifica-
tion events.

Studies™!'%!720 have reported that the tooth calcification stages
assessed from panoramic radiographs might be clinically useful as
skeletal maturity indicators. The mandibular second molar calcifica-
tion stages have shown strong correlation with skeletal maturity.-'¢!7

Many studies have evaluated mandibular canine?’ or third
molar®3° calcification stages using OPGs and the hand-wrist
x-rays to assess the skeletal maturity. Only one study could be
found to evaluate relationship of CVMI and DI stages of mandib-
ular second molars for skeletal maturity assessment.” Since the data
on mandibular second molars for prediction of skeletal maturity is
scarce, the present study was conducted to assess the reliability of
mandibular second molars calcification stages as an indicator of
skeletal maturity. Certain advantages of this tooth over other teeth
are that its development tends to continue over a longer period of
time, and it can be easily identified on OPG as compared to the
maxillary teeth.*

Dental eruption is much more variable in its timing than dental
maturation3"-*? and is influenced by local and environmental factors."’
Therefore, the assessment of the maturation stages of teeth was the
method of choice for this study. Dental maturity was assessed with
the method proposed by Demirjian et al ' Tt records the distinct
details based on shape and proportions of root length relative to
crown height, rather than on absolute length, thus, avoiding the
errors of faulty projections of images.' It also shows low intracxam-
iner and interexaminer error.’

Previous studies have concluded that the girls mature faster than
boys."1%!7 The observations of the present study are in corrobora-
tion with earlier studies, as each CVMI stage consistently appeared
earlier in girls than boys (Table 3). Also, each DI stage of mandibular
second molar appeared at an earlier age in the females as compared
to the males, which shows an early maturation of mandibular second
molar in females (Table 4). When the mean age of CVMI stages
of the present study was compared to other populations,*** it was
observed that Rwandese children achieved each CVMI stage at an
carlier age than the other populations. It can be inferred that the
Rwandese children have a tendency to mature early.

In this study, the DI was evaluated relative to CVMI for both
genders which revealed a highly significant association between
the DI and CVMI (Tables 5 and 6). This association was stronger
in the females.

The previous studies'!*!” had indicated that the maturation level
of tooth development is more advanced in males as compared to the
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females in relation to skeletal maturity stages. In the present study,
it was also found that at the same CVMI stage, the males had a more
advanced trend in DI of mandibular second molars than the females.

The relationship between skeletal maturity and peak height
velocity (PHV) is well established.?>?>* Fishman,? Ha"gg and
Taranger,”® and Bjork and Helm® found that the appearance of
adductor sesamoid of thumb as seen on hand — wrist x-rays indicates
the beginning of pubertal growth spurt (the pre—peak of pubertal
growth spurt or onset of PHV), which corresponds to stage 2 of
CVML.’ In our study, the DI stage E in males and stage D in females
showed highest distribution in CVMI 2 stage.

Bjork and Helm® found that the MP3cap stage (epiphyseal
capping of diaphysis of the middle phalanx of third finger as seen
on hand wrist radiograph) heralds the peak of pubertal growth spurt,
which corresponds to stage 3 of the CVML. 3 In the present study,
the DI stages F, G in males and E, F in females corresponded to the
CVMI stages 3 and 4. These findings indicate that the DI stages F,
G in males and E, F in females represent the peak of the pubertal
growth spurt.

Hassel and Farman studied cervical vertebra on lateral cepha-
lograms and found that Fishman’s?? skeletal maturity indicator 10
(fusion of epiphysis with diaphysis of distal phalanx of 3™ finger)
corresponds to CVMI stage 5, and the fusion of the epiphysis and
the diaphysis of the radius signifying the end of growth corresponds
to CVMI stage 6.° In our study, the DI stage H in males and DI
stages G and H in females corresponded to the CVMI stages 5 and
6, showing the end of pubertal growth spurt. Stage G of mandibular
second molar showed a scattered distribution in females in CVMI 5
and 6 stages. It indicates that the DI stage H implies an insignificant/
no remaining adolescent growth.

In view of above findings, the mandibular second molar calci-
fication stages can be used as an initial tool to predict the skeletal
maturity level of the individuals. It can be advantageous in clinical
settings when only IOPA of second molar region can be used for this
purpose, rather than resorting to OPG. It can also be commented
that the results of this study should not be applied to all racial/ethnic
groups at global level. We observed that due to a small sample size
the distribution of subjects in different CVMI and DI stages was not
adequate, thus limiting the significance of the findings. Therefore,
future studies are recommended with larger sample size to corrob-
orate the findings.

CONCLUSIONS

A significant association was found between mandibular second
molar calcification stages and CVMI stages, with a stronger asso-
ciation in females than males. It can be concluded that mandibular
second molar calcification can be used as an indicator to assess the
skeletal maturity. An IOPA view of second molar region can be used
to assess the calcification stages before taking OPG or lateral ceph-
alogram. Further studies are recommended with larger sample size
to corroborate the findings.

The Journal of Clinical Pediatric Dentistry ~ Volume 39, Number 1/2014
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