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Objective. The aims of this study were: to investigate the relationship
between mandibular canine calcification stages and skeletal maturity;
and to evaluate whether the mandibular canine calcification stages
may be used as a reliable diagnostic tool for skeletal maturity assessment. Materials and methods. This study included 151 subjects: 81
females and 70 males, with ages ranging from 9 to 16 years (mean age:
12.29±1.86 years). The inclusion criteria for subjects were as follows:
age between 9 and 16 years; good general health without any hormonal, nutritional, growth or dental development problems. Subjects
who were undergoing or had previously received orthodontic treatment were not included in this study. The calcification stages of the left
permanent mandibular canine were assessed according to the method
of Demirjian, on panoramic radiographs. Assessment of skeletal maturity was carried out using the cervical vertebral maturation index
(CVMI), as proposed by the Hassel-Farman method, on lateral cephalograms. The correlation between the calcification stages of mandibular canine and skeletal maturity was estimated separately for male and
female subjects. Results. Correlation coefficients between calcification
stages of mandibular canine and skeletal maturity were 0.895 for male
and 0.701 for female subjects. Conclusions. A significant correlation
was found between the calcification stages of the mandibular canine
and skeletal maturity. The calcification stages of the mandibular canine show a satisfactory diagnostic performance only for assessment
of pre-pubertal growth phase.

Introduction
Timing plays a crucial role in the outcomes
of treatment for skeletal disharmonies in
growing patients. Successful treatment of
skeletal disharmonies may be achieved by
growth modification in patients that have a
certain amount of growth remaining (1-3).
There are wide individual variations in the
timing, duration and velocity of growth,
and therefore we need to assess individual
development stages (4). Skeletal maturity
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may be assessed by means of several more or
less reliable parameters: chronological age
(5), increases in body height and weight (6),
secondary sexual characteristics (6), dental maturity (calcification stages) (7), hand
and wrist maturational stages (8), cervical
vertebral maturation (3, 9) and biochemical
markers (10, 11).
Dental development is one of the important indicators of skeletal maturity. There
are two possibilities for assessment of skeletal maturity. One of them is tooth erup-
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tion, which is not a reliable parameter of
skeletal maturity. Franchi et al. (12) showed
a poor correlation between the phases of
dentition and skeletal maturity. In addition
to tooth eruption, dental maturity is estimated through the stages of calcification,
and this is a much more reliable parameter
for assessment of skeletal maturity (13-16).
For all these reasons, dental maturity is recommended as a clinically useful diagnostic
tool for assessment of skeletal maturity. Assessment of skeletal maturity, based on the
stages of tooth calcification, has certain advantages, as it allows assessment based on
panoramic radiographs that are routinely
used for diagnosis, and assessment may be
carried out by analysing retroalveolar radiographs. Stages of teeth development are
associated with growth and development,
which means that dental maturity may be
used as a parameter for assessment of skeletal maturity, as has been shown by numerous studies (13-16). Some authors noted that
the developmental stages of certain teeth, for
example canines (17, 18) and second molars
(19), show a high correlation with skeletal
maturity.
The aims of this study were: (1) to investigate the relationship between mandibular
canine calcification stages and skeletal maturity; and (2) to evaluate whether the mandibular canine calcification stages may be
used as a reliable diagnostic tool for skeletal
maturity assessment.

Subjects and methods
This study included 151 subjects: 81 females
and 70 males, with ages ranging from 9 to
16 years (mean age: 12.29±1.86 years). The
mean age of the males was 12.05 (±1.83), and
for females 12.31 (±1.89) years. Chronological age was recorded according to the date of
birth, confirmed by the parents. The inclusion criteria for subjects were as follows: age
between 9 and 16 years, and good general

health without any hormonal, nutritional,
growth or dental development problems.
Subjects who were undergoing or had previously received orthodontic treatment were
not included in this study. Assessment of
mandibular canine calcification and cervical
vertebral maturation stages were performed
using good quality panoramic radiographs
and lateral cephalograms. All analyses were
conducted by an experienced orthodontist.
Assessment of mandibular canine
calcification stages
The calcification stages of the left permanent
mandibular canine were assessed according
to the method of Demirjian et al. (7) (stages
E to H), on panoramic radiographs. These
stages are defined as:
 Stage E – The walls of the pulp chamber form straight lines, the continuity of
which is broken by the presence of the
pulp horn, which is larger than in the
previous stage and the root length is less
than the crown height.
 Stage F – The walls of the pulp chamber
form an isosceles triangle, with apex ending in a funnel shape, and the root length
is equal to or greater than the crown
height.
 Stage G – The walls of the root canal are
parallel and its apical end is still partially
open.
 Stage H – the apical end of the root canal
is completely closed, and the periodontal
membrane has a uniform width around
the root and the apex.
Assessment of individual skeletal maturity
Assessment of skeletal maturity was carried
out using the cervical vertebral maturation
index (CVMI), as proposed by the HasselFarman method (9), on lateral cephalograms. This method requires that the second, third and fourth cervical vertebrae
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a) CVMI 1 - Initiation

b) CVMI 2 - Acceleration

c) CVMI 3 – Transition

d) CVMI 4 - Deceleration

e) CVMI 5 - Maturation

f ) CVMI 6 - Completion

Figure 1 The stages of cervical vertebral maturation according to the Hassel-Farman method.

(C2, C3 and C4) are analysed according to
their shape and classified into one of the six
stages, which are defined as follows:
 CVMI 1 Initiation: The lower borders of
the second, third and fourth cervical vertebrae (C2, C3 and C4) are flat. The bodies
of C3 and C4 are trapezoid in shape and
the superior vertebral borders are tapered
from posterior to anterior (Figure 1a).
 CVMI 2 Acceleration: Concavities develop on the inferior borders of C2 and C3,
and the inferior border of C4 is flat. The
bodies of C3 and C4 are nearly rectangular in shape (Figure 1b).
 CVMI 3 Transition: Distinct concavities
develop on the inferior borders of C2 and
C3, and concavity begins to develop on
the inferior border of C4. The bodies of
C3 and C4 are rectangular (Figure 1c).
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 CVMI 4 Deceleration: Distinct concavities
are seen on the inferior borders of C2, C3
and C4. The vertebral bodies are becoming more square in shape (Figure 1d).
 CVMI 5 Maturation: More accentuated
concavities are seen on the inferior borders
of C2, C3 and C4. The bodies of C3 and C4
are nearly square in shape (Figure 1e).
 CVMI 6 Completion: Deep concavities
are seen on the inferior borders of C2,
C3 and C4. The bodies of C3 and C4 are
square or greater in vertical dimension
than in horizontal dimension (Figure 1f).
Ethics statement
The study was approved by the Ethical Committee of the School of Dental Medicine,
University of Sarajevo.
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Statistical analysis

Calcification stages E (42.9%) and F
(57.1%) of the mandibular canine were
found at stage 1 of CVMI. At stage 2 of
CVMI 82.6% of subjects were in calcification
stage F and 17.4% of subjects were in stage
G, while at stage 3 of CVMI only 11.1% of
subjects were in stage F, 66.7% were in stage
G and 22.2% were in stage H. At stage 4 of
CVMI 17.4% of subjects were in stage G and
82.6% of subjects were in stage H. All subjects in stage 5 of CVMI were in calcification
stage H of the mandibular canine. However,
none of the male subjects was at stage 6 of
CVMI. Spearman’s correlation was used to
assess the correlation between CVMI stages
and mandibular canine calcification stages.

SPSS software, version 20 was used to perform the statistical analyses. The frequency and the percentage distribution of the
CVMI stages and mandibular canine calcification stages were calculated separately
for male and female subjects. Correlation
between CVMI and the mandibular canine
calcification stage was presented through
Spearman’s correlation coefficient. The level
of significance was defined as p<0.001.

Results
The distributions of the different calcification stages of the mandibular canine for
male subjects are shown in Table 1.

Table 1 Contingency table showing distributions between the different calcification stages of mandibular
canine and CVMI stages for male subjects
Stages of calcification of mandibular canine
CVMI

E

F

G

H

Total

n (%)

n (%)

n (%)

n (%)

n (%)

1

3 (42.9)

4 (57.1)

-

-

7 (100)

2

-

19 (82.6)

4 (17.4)

-

23 (100)

3

-

1 (11.1)

6 (66.7)

2 (22.2)

9 (100)

4

-

-

4 (17.4)

19 (82.6)

23 (100)

5

-

-

-

8 (100)

8 (100)

3 (4.3)

24 (34.3)

14 (20.0)

29 (41.4)

70 (100)

Total

CVMI=Cervical Vertebral Maturation Index (Spearman’s rho correlation coefficient between calcification stages of mandibular canine and CVMI
is 0.895, p<0.001).

Table 2 Contingency table showing distributions between the different calcification stages of mandibular
canine and CVMI stages for female subjects
CVMI

Stages of calcification of mandibular canine
F

G

H

Total

n (%)

n (%)

n (%)

n (%)

1

1 (100)

0

0

1 (100)

2

8 (66.7)

4 (33.3)

0

12 (100)

3

0

7 (46.7)

8 (53.3)

15 (100)

4

0

6 (31.6)

13 (68.4)

19 (100)

5

0

1 (3.7)

26 (96.3)

27 (100)

0

0

7 (100)

7 (100)

9 (11.1)

18 (22.2)

54 (66.7)

81 (100)

6
Total

CVMI=Cervical Vertebral Maturation Index (Spearman’s rho correlation coefficient between calcification stages of mandibular canine and CVMI
is 0.701; p<0.001).
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Among the female subjects calcification
stages F, G and H of the mandibular canine
were found. Only one subject was at stage
1 (100%) of CVMI, with calcification stage
F of the mandibular canine. At stage 2 of
CVMI 66.7% of subjects were in calcification stage F, and 33.3% of subjects were in
stage G. At stages 3, 4 and 5 of CVMI, the
subjects were in calcification stages G and
H of the mandibular canine. At stage 6 of
CVMI all subjects were in calcification stage
H of the mandibular canine. The correlation
between CVMI and the calcification stage of
the mandibular canine for female subjects
was analysed by Spearman’s correlation coefficient.

Discussion
In the present study, tooth calcification stages were preferred rather than eruption because tooth formation is proposed as a more
reliable parameter. The method according to
Demirjian was used, because this method is
based on shape criteria and the proportion
of root length, using the relative values of
crown height rather than the absolute length
(7). Therefore, foreshortened or elongated
projections of developing teeth will not affect the reliability of assessment (20).
Among all the tested teeth, mandibular
canines showed a significant association
with the stages of development (17-21). In
addition, hypodontia of permanent canine
is extremely rare, and the prevalence ranges
from 0.18 to 0.29% (22). Also, mandibular
permanent canine rarely show morphological variations in their development (23).
Assessment of skeletal maturity was carried out using the cervical vertebral maturation index (CVMI), as the proposed HasselFarman method, on lateral cephalograms
(9), is a routine diagnostic radiograph for
orthodontic treatment. Studies have found
that CVMI is a reliable method for skeletal maturity assessment (9, 13, 15, 19, 21).
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Some studies report high correlations between calcification stages of teeth (dental
maturity) and skeletal maturity indicators
(13-16). Some authors investigated correlations between calcification stages of some
teeth (canines, second and third molars),
and they found that the calcification stage
of mandibular canine showed a significant
correlation with skeletal maturity (17, 18,
21). In this study, the correlation coefficients
between calcification stages of mandibular
canine and skeletal maturity were 0.895 for
male and 0.701 for female subjects, and all
correlation coefficients were statistically significant, at p<0.001. These results indicate
that the calcification stages of mandibular
canine are a reliable parameter for skeletal
maturity assessment.
CVMI stage 2 indicates the beginning of
the pubertal growth spurt (9). In our study,
calcification stage F of the mandibular canine coincided well with the CVMI stage 2,
for both sexes (Table 1 and 2). Mittal et al.
(15) and Goyal et al. (21) reported similar
results in their studies. This means that calcification stage F of the mandibular canine
could be used for assessing the pre-pubertal
growth phase. According to the Hassel and
Farman method, at CVMI stage 3 growth is
still accelerating toward peak velocity; while
at CVMI stage 4 adolescent growth begins
to decelerate (9). Calcification stage G of
the mandibular canine coincided well with
CVMI stage 3, and stage H with CVMI stage
4 for the male subjects in our study. However, for female subjects calcification stage H
of the mandibular canine showed the highest percentage distribution at CVMI stages 3
and 4. For both genders, canine root formation was complete (stage H) in the majority
of subjects at CVMI stages 5 and 6. These results are consistent with the results of other
similar studies (15, 16, 21).
In this study, dental maturation of the
mandibular canine occurred earlier in female subjects than in male subjects, which
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was in accordance with a previous study
(21). In contrast, the results of the studies by
Chertcow (13) and Uysal et al. (17) showed
advanced dental maturation in male subjects. These results indicate that the calcification stages of mandibular canines may be
considered as a reliable parameter to assess
pre-pubertal growth phases.

Conclusions
A significant correlation between the calcification stages of the mandibular canine and
skeletal maturity was found. The calcification stages of the mandibular canine show
satisfactory diagnostic performance only for
assessment of pre-pubertal growth phases.
What is already known on this topic
Successful treatment of the skeletal disharmonies may be
achieved by growth modification, in patients that have a certain amount of growth remaining. There are wide individual
variations in the beginning, amount and duration of pubertal
growth acceleration, and therefore an assessment of individual
development stages is needed. Individual skeletal maturity may
be assessed by means of several, more or less reliable parameters.

What this study adds
The calcification stages of mandibular canine show satisfactory
diagnostic performance for assessment of pre-pubertal growth
phase.
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