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Skeletal maturation evaluation using mandibular second molar

calcification stages
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ABSTRACT
Objective: To investigate (1) the relationships between the stages of mandibular second molar
calcification and skeletal maturity; and (2) whether second molar calcification stages can be used
as a reliable diagnostic tool to determine skeletal maturity.
Materials and Methods: Samples were derived from panoramic radiographs and lateral
cephalograms of 300 subjects (137 males and 163 females) with ages ranging from 9 to 18 years,
and estimates of dental maturity (Demirjian Index [DI]) and skeletal maturity (cervical vertebrae
maturation indicators [CVMI]) were made.
Results: A highly significant association (C* 5 0.854 for males and 0.866 for females) was found
between DI and CVMI. 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).
Conclusion: A highly significant association exists between DI and CVMI. Mandibular second
molar DI stages are reliable indicators of skeletal maturity. (Angle Orthod. 2012;82:501–506.)

KEY WORDS: Skeletal maturation; Mandibular second molar; Demirjian Index; Cervical vertebrae
maturation indicators; Panoramic radiograph; Lateral cephalogram

INTRODUCTION

Assessment of skeletal maturity and dental devel-
opment is a common clinical practice in many health
professions, especially for growth modification in
orthodontics and dentofacial orthopedics and for age
estimation in forensic sciences. Because of the

considerable variations in development among chil-
dren, chronological age may have little or no role in the
determination of the maturation stage of a child1–3 and
has led to the concept of biologic or physiologic age.
Physiologic age is the rate of progress toward maturity
and is estimated by somatic, sexual, skeletal, and/or
dental maturity.3–5

The technique for assessing skeletal maturity con-
sists of a visual inspection of the developing bones,
including their initial appearance, and their subsequent
ossification-related changes in shape and size. An
assessment of skeletal development is commonly
done using hand-wrist radiographs6–10 and lateral
cephalograms.11 Hassel and Farman11 observed the
bodies of cervical vertebrae (C2, C3, and C4) in lateral
cephalograms to evaluate skeletal maturity (cervical
vertebrae maturity indicators [CVMI]).

Dental development has been widely investigated as
a potential predictor of skeletal maturity.1,4,5,12–17 Gener-
ally, dental development can be assessed by either the
phase of tooth eruption or the stage of tooth calcifica-
tion, with the latter being more reliable.18–20 The ability to
assess skeletal maturity by the stages of mandibular
second molar calcification through the examination of a
panoramic radiograph (which is a routine diagnostic
radiograph for dental/orthodontic treatment) would offer
an advantage over the conventional hand-wrist

a Reader, Department of Orthodontics, PDM Dental College
and Research Institute, Sarai Aurangabad, Bahadurgarh,
Haryana, India.

b Senior Lecturer, Department of Orthodontics, PDM Dental
College and Research Institute, Sarai Aurangabad, Bahadur-
garh, Haryana, India.

c Professor, Department of Orthodontics, PDM Dental College
and Research Institute, Sarai Aurangabad, Bahadurgarh,
Haryana, India.

d Professor, Department of Pedodontics, PDM Dental College
and Research Institute Sarai Aurangabad, Bahadurgarh, Har-
yana, India.

e Consultant Radiologist, Department of Radiodiagnosis,
Jaipur Golden Hospital, Delhi, India.

f Private Practice, Sonipat, Haryana, India.
Corresponding author: Dr Sushil Kumar, 150/21, Panchsheel

Colony, Sonepat-131001 Haryana, India
(e-mail: docshilu@yahoo.com)

Accepted: July 2011. Submitted: May 2011.
Published Online: September 7, 2011
G 2012 by The EH Angle Education and Research Foundation,
Inc.

DOI: 10.2319/051611-334.1 501 Angle Orthodontist, Vol 82, No 3, 2012



radiographic method. No additional exposure to radia-
tion would be necessary if assessment of skeletal
maturity were performed through routine radiographs,
keeping in mind the ALARA (As Low as Reasonably
Achievable) principle.

It was previously reported21–25 that the stages of
mandibular second molar calcification showed the
highest correlation with the stages of skeletal maturity
as compared to other teeth. It has been suggested that
racial variations also play a role in the relationship of
dental and skeletal maturation.1,24,25 Mappes et al.26

indicated that the predominant ethnic origin of the
population, climate, nutrition, socioeconomic levels, and
urbanization are causative factors of these racial
variations. Therefore, we sought to evaluate the
mandibular second molar calcification stages as indi-
cators of skeletal maturity in Indian subjects.

The aims of this study were:

N To investigate the relationships between mandibular
second molar calcification stages and skeletal
maturity, and

N To evaluate whether the mandibular second molar
calcification stages can be used as a reliable
diagnostic tool to assess skeletal maturity.

MATERIALS AND METHODS

We designed this descriptive study as a cross-
sectional research project. We obtained panoramic
and lateral cephalometric radiographs of 300 Indian
subjects (137 male and 163 female) from the pre-
treatment records of patients attending clinics for
orthodontic treatment. The inclusion criteria were as
follows:

N Chronological age ranging from 9 to 18 years

N No serious illness

N Normal overall growth and development

N Absence of abnormal dental conditions, such as
impaction, transposition, and congenitally missing teeth

N Absence of previous history of trauma or disease to
the face and neck

N Absence of orthodontic treatment

N No permanent teeth extracted

All radiographic assessments were performed in a
darkened room. Any radiograph that showed motion
dullness or had poor contrast was discarded. A single
radiologist exposed and developed all radiographs.

Evaluation of Dental Maturity on
Panoramic Radiograph

In this study, the mandibular left second molar
was used as a sample. Tooth calcification was rated
according to the index described by Demirjian et al.18

(Demirjian Index [DI]), in which one of eight stages
of calcification (A to H) was assigned to the tooth
(Table 1).

Evaluation of Cervical Vertebrae Maturity on
Lateral Cephalogram

CVMI were evaluated by classifying C2, C3, and C4

into six groups depending on their maturation patterns
on the lateral cephalogram using the classification of
Hassel and Farman11 (Table 2).

Statistics

We performed statistical analysis using the Microsoft
Office Excel 2007 and SPSS software (version 10,
SPSS Inc, Chicago, Ill). We calculated descriptive
statistics by determining the means and standard
deviations of the chronological ages for the six stages
of CVMI. To test the reproducibility of the assessments
of DI and CVMI, the same two observers reevaluated
randomly selected lateral cephalograms and panoramic
radiographs from 10 of the same male and female
subjects 8 weeks after the first evaluation. The dif-
ferences between the interpretations were evaluated
statistically. Interobserver and intraobserver agreement

Table 1. Dental Calcification Stages Using Demirjian Index (DI)

Stage Characteristics

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

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

Stage 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.

Stage 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.

Stage 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.

Stage 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.

Stage 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.

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

width throughout.
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for both investigators were determined in terms of the
weighted kappa statistics for DI and CVMI.

To study the relationship between DI and the CVMI,
the frequency and the percentage distribution of the
stages of calcification were recorded for each tooth,
and these were calculated separately for male and
female subjects. Cross-tabular statistics were per-
formed. The Pearson chi-square test (x2) value and
Sakoda adjusted Pearson contingency coefficient (C*)
were estimated to determine the relationships between
DI and CVMI.

RESULTS

Table 3 shows the distribution of sex and chrono-
logical ages for all the subjects, grouped by CVMI
stage. Each stage appeared earlier in female subjects
than in male subjects. The reproducibility of all the
assessments was good. For interobserver agreement,
the weighted kappa statistics for DI assessments and
CVMI assessments were 0.84 and 0.87, respectively.
The kappa statistics for intraobserver agreement were
0.95 for DI assessments and 0.97 for CVMI assess-

ments. It is clear, therefore, that there was almost
perfect27 interobserver and intraobserver agreement
for both DI and CVMI assessments.

Table 4 shows the associations between DI and
CVMI for male subjects. The value of x2 was highly
significant at 191.95 with 20 degrees of freedom (P ,

.001). The value of C* was 0.854 and showed a highly
significant association between DI and CVMI for male
participants. From Table 4 it is also clear that lower
stages of DI were associated with lower CVMI stages.
Again, the higher the DI stage, the higher the CVMI
stage. Stage E included the highest percentage
distribution (68.75%) at stage 2 of the CVMI. Stages
F and G were almost equally distributed for CVMI
stage 3. DI stages F and G also included a large
percentage of CVMI stage 4 subjects. Stage H
displayed a high percent distribution with stage 5
(85.71%) and 100% distribution with CVMI stage 6.

Table 5 shows the associations between DI and
CVMI for female subjects. The value of x2 was 244.39 at
20 degrees of freedom (P , .001). The value for C* was
highly significant at 0.866, showing a highly significant
association between CVMI and DI for female partici-
pants. All the values for female subjects were higher
than those for male participants, which indicated that
the statistical association was stronger for female
subjects than for male subjects. From Table 5 it is clear
that lower CVMI stages were more frequently associ-
ated with lower DI stages. Conversely, the higher the
CVMI stage, the higher the DI stage for female subjects.
The individual relationships between DI and CVMI
showed a trend similar to that seen for the male
subjects. A comparison of Tables 4 and 5 shows that
the DI in male subjects was more advanced than in
female subjects with respect to CVMI stage.

DISCUSSION

Many methods for precise prediction of growth have
been suggested.3–5 Dental maturity, in particular, has

Table 2. Cervical Vertebrae Maturation Indicators (CVMI)

Stage Characteristics

Stage 1 (initiation) Very significant amount of adolescent growth expected (80% to 100%). C2, C3, and C4 inferior vertebral body borders

are flat. Vertebrae are wedge-shaped. Superior vertebral borders are tapered posterior to anterior.

Stage 2 (acceleration) Significant amount of adolescent growth expected (65% to 85%). Concavities are developing in the inferior borders of

C2 and C3. The inferior border of C4 is flat. The bodies of C3 and C4 are nearly rectangular in shape.

Stage 3 (transition) Moderate amount of adolescent growth expected (25% to 65%). Distinct concavities are seen in the inferior borders

of C2 and C3. A concavity is beginning to develop in the inferior border of C4. The bodies of C3 and C4 are rectangular

in shape.

Stage 4 (deceleration) Deceleration of adolescent growth spurt. Small amount of adolescent growth expected (10% to 25%). Distinct

concavities in the inferior borders of C2, C3, and C4. C3 and C4 are nearly square in shape.

Stage 5 (maturation) Final maturation of the vertebrae takes place during this stage. Insignificant amount of adolescent growth expected

(5% to 10%). Accentuated concavities of inferior vertebral body borders of C2, C3, and C4. C3 and C4 are square

in shape.

Stage 6 (completion) Adolescent growth is completed (little or no growth expected). Deep concavities are seen in inferior border of C2, C3,

and C4. C3 and C4 heights are greater than widths.

Table 3. Distribution of Chronological Ages for All Subjects

Grouped by CVMI Stages

CVMI stage Gender

No. of

Subjects

Chronological Age (y)

Mean SD

Stage 1 Male 11 11.18 0.9

Female 15 9.45 0.59

Stage 2 Male 32 11.73 1.0

Female 37 10.59 0.62

Stage 3 Male 42 12.77 1.3

Female 50 11.7 0.6

Stage 4 Male 20 14.58 0.97

Female 22 13.45 0.82

Stage 5 Male 14 15.96 1.01

Female 16 15.09 0.55

Stage 6 Male 18 17.5 0.45

Female 23 16.59 1.16

Total 300 (137 males, 163 females)
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the advantage of easy evaluation during routine
dental treatment. Radiation exposure time and dose
are high when specialized radiographs are used
(hand-wrist radiographs or lateral cephalograms),
making their use questionable according to the
ALARA principle. The ALARA principle is especially
important for children and young adults, and, hence,
high-radiation methods should not be used frequently
to assess growth.

The ease of recognizing the stages of dental
development and the availability of panoramic radio-
graphs are practical reasons for attempting to assess
physiologic maturity without resorting to hand-wrist or
lateral cephalometric radiographs. Others have ques-
tioned these latter approaches from the radiation
safety point of view. In addition, the cost of the
equipment that is required for these radiographs is
high, making them expensive.

Many studies have reported high correlations
between tooth calcification stages and skeletal matu-
rity indicators, which would probably allow clinicians to
more easily identify pubertal growth stages from

panoramic radiographs.4,5,13,15,17,21–26,28,29 On the other
hand, Lewis and Garn,14 Garn et al.,30 and Tanner31

reported low or insignificant correlations between
skeletal and dental maturation. The lack of agreement
among previous studies is a result, at least in part, of
the different methods used for assessing skeletal and
dental maturity.

Findings from a study done by Chertkow1 indicated
that the completion of root formation in the mandibular
canine prior to apical closure may be used clinically as
a maturity indicator of the pubertal growth spurt with a
degree of confidence similar to that of some of the
other indicators described for hand-wrist radiographs
among white children. Previously it was reported21–25

that tooth calcification stages from panoramic radio-
graphs might be clinically useful as a maturity indicator
of pubertal growth and that mandibular second molar
calcification showed the highest correlation with
skeletal maturity versus other teeth. Racial variations
in the relationships between the calcification stages of
individual teeth and skeletal maturity also have been
reported.1,24–26

Table 4. Association Between CVMI and DI for Male Subjects (Contingency Table)

D E F G H Total

CVMI 1 Frequency 4 6 1 11

Percentage 36.36% 54.55% 9.09% 100.00%

CVMI 2 Frequency 22 8 2 32

Percentage 68.75% 25.00% 6.25% 100.00%

CVMI 3 Frequency 18 24 42

Percentage 42.86% 57.14% 100.00%

CVMI 4 Frequency 7 12 1 20

Percentage 35.00% 60.00% 5.00% 100.00%

CVMI 5 Frequency 2 12 14

Percentage 14.29% 85.71% 100.00%

CVMI 6 Frequency 18 18

Percentage 100.00% 100.00%

Total Frequency 4 28 34 40 31 137

Percentage 2.92% 20.44% 24.82% 29.20% 22.63% 100.00%

x2 (20) 5 191.95; Sakoda adjusted Pearson contingency coefficient (C*) 5 0.854; P , .001 (highly significant).

Table 5. Association Between CVMI and DI for Female Subjects (Contingency Table)

D E F G H Total

CVMI 1 Frequency 10 4 1 15

Percentage 66.67% 26.67% 6.67% 100.00%

CVMI 2 Frequency 3 27 7 37

Percentage 8.11% 72.97% 18.92% 100.00%

CVMI 3 Frequency 2 28 20 50

Percentage 4.00% 56.00% 40% 100.00%

CVMI 4 Frequency 12 10 22

Percentage 54.55% 45.45% 100.00%

CVMI 5 Frequency 5 11 16

Percentage 31.25% 68.75% 100.00%

CVMI 6 Frequency 23 23

Percentage 100% 100.00%

Total Frequency 13 33 33 35 34 163

Percentage 7.98% 20.25% 20.25% 21.47% 20.86% 100.00%

x2 (20) 5 244.39; Sakoda adjusted Pearson contingency coefficient (C*) 5 0.866; P , .001 (highly significant).
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Most studies of the dentition have used either
mandibular canines1,13,28 or third molars30,32 for dental
age assessment, but these two parameters exhibit
some drawbacks. Root formation and apex closure of
mandibular canines are completed by the age of
13 years, but most children exhibit active growth up to
the age of 16 to 17 years. Third molars, on the other
hand, are the most commonly missing teeth in the
human dentition, making them unreliable for age
assessment. The present radiographic study was
therefore taken up to assess the reliability of using
the developmental stages of mandibular second
molars as an indicator of maturity. This tooth offers
an advantage over other teeth because its develop-
ment tends to continue over a longer period and until a
later age. Apex closure generally extends up to the age
of 16 years in normal children.

Again in this study, we used the mandibular second
molar as a sample because estimation errors occur
more frequently in calculating the maturation of
maxillary molars than that of mandibular molars.
Sometimes the maxillary molar roots overlap with
anatomic structures such as the palate, the inferior
border of the zygomatic arch, or the maxillary sinus
septum. This makes it difficult to observe the roots.32

It has long been contended that dental eruption,
which is the most conspicuous and easily determined
indicator of dental maturation, is much more variable in
its timing than skeletal maturation.19,33 According to
Nolla,19 dental eruption has also been reported to be
more variable than the calcification sequence in the
dentition. Dental eruption is a fleeting event that is
under greater environmental influence.18 In the present
study, calcification stages of teeth, rather than erup-
tion, were preferred because tooth formation is
proposed as a more reliable criterion for determining
dental maturation.19 Therefore, the dental maturity
assessment stages of Demirjian et al.18 were used.
This method also shows high accuracy when applied
to Indian populations.34 This method’s criterion con-
sists of distinct details based on shape criteria and
proportions of root length, using the relative value
versus crown height, rather than on absolute length.
Therefore, foreshortened or elongated projections of
developing teeth will not affect the reliability of
assessment.24 Recent studies have verified that
Demirjian’s classification system shows low intraex-
aminer and interexaminer error and a high correlation
with biological age.35

Several studies21–25 have indicated that each CVMI
stage consistently appears earlier in girls than in boys.
Thus, the observations of the present study are in line
with earlier studies (Table 3). We considered the DI,
relative to CVMI, separately for male and female
subjects. The findings of Krailassiri et al.24 and Uysal

et al.25 indicated that the maturation patterns of tooth
development in male subjects tend to be more
advanced versus female subjects in relation to skeletal
maturity stages. Chertkow1 reported that a markedly
more advanced trend in tooth calcification was evident
among both black and white boys. In this study, it was
determined that at the same CVMI, male subjects had
a more advanced trend in DI, and the opposite pattern
was present in female subjects. These findings confirm
previous reports.1,24,25

The present study revealed a highly significant
association between the DI of mandibular second
molars and the CVMI (Tables 4 and 5). The relation-
ship between skeletal maturity and peak height
velocity (PHV) is well established.3,8,9,36 Fishman,8

Hägg and Taranger,9 and Bjork and Helm36 found that
the appearance of the adductor sesamoid of the thumb
indicate the beginning of the pubertal growth spurt
(onset of PHV), which corresponds to stage 2 of
CVMI.37 For both sexes, DI stage E showed the
highest percent distribution at stage 2 of CVMI, which
signifies the pre–peak of pubertal growth spurt or onset
of PHV. Bjork and Helm36 found that the MP3cap stage
heralds the peak of the pubertal growth spurt, which
corresponds to Fishman’s skeletal maturity indicator 6
(stage 3 of the CVMI37). In the present study, for both
male and female subjects, stages F and G corre-
sponded to CVMI stages 3 and 4, which infers that DI
stages F and G represent the peak of the pubertal
growth spurt. This finding supports the suggestions of
previous studies.21,25 Fishman’s skeletal maturity indi-
cator 11 corresponds to CVMI stage 5,37 and the fusion
of the epiphysis and diaphysis of the radius (which
signifies the end of growth) corresponds to CVMI stage
6.37 Stage H displayed a higher percent distribution
with stage 5 and 100% distribution with stage 6 of the
CVMI. DI stage H suggests insignificant/no remaining
adolescent growth.

The unique and significant findings from the present
study imply that the stages of mandibular second
molar calcification as observed on panoramic radio-
graphs give fairly accurate results and can be
considered reliable indicators of skeletal maturity with
the methodology suggested by Demirjian et al.18

CONCLUSIONS

N The appearance of each CVMI stage was consis-
tently earlier in female than in male subjects.
However, the DI stages were more advanced in
male subjects as compared with female subjects in
relation to CVMI stages.

N A highly significant association (C* 5 0.854 for male
subjects and 0.866 for female subjects) was found
between DI and CVMI.
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N 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 CVMI stages 5 and 6 (end of pubertal growth
spurt).

N Mandibular second molar DI stages are a reliable
indicator of skeletal maturity.
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