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ABSTRACT

Objective: Investigating the reliability of mandibular canine maturation stages in predicting pubertal growth spurt in a sample
of Egyptian orthodontic patients.

Subjects and Methods: A retrospective, cross-sectional study was carried out on the radiographic records (left lateral
cephalometric, panoramic, and left hand and wrist x-rays) obtained from 250 patients who were attending private clinics on Delta
area, Egypt. The age of the patients ranged from 7 to 18 years. Mandibular canine calcification stages (MCC) were assessed
according to Demirjian’s method for dental maturity assessment. Skeletal maturity was assessed by the ossification stages of the
middle phalanx of the third finger (MP3) using Hagg and Taranger method, and the cervical vertebrae maturation index (CVMI)
was evaluated using Hassel and Farman method.

Results: Chi-square tests have shown highly significant associations between the mandibular canine calcification stages
(MCC) and both CVMI and MP3 maturation stages (p<0.001). MCC stage F had shown a moderate correlation with MP3 FG and

CVMI 2 that corresponded to the onset of pubertal growth.

Conclusions: MCC stage F can be used for prediction of the onset of pubertal growth, while the prediction of the peak or the

post-peak periods using MCC method may be unreliable.
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INTRODUCTION

Defining the correct timing of dentofacial growth
and development is an essential aspect of orthodon-
tic diagnosis and treatment planning, as this would
clarify the proper timing for orthopedic intervention.
Utilizing appropriate growth changes and prevention
of undesirable ones constitutes the general concept
of orthopedic treatment. Therefore, it would be use-
ful to study in detail the growth and development of
the different parts of the craniofacial structures '.

The maturational status of an individual can
be best evaluated relative to different stages of

physiologic maturity rather than evaluating it with
chronologic age because the latter is not a reliable
indicator?. Physiologic maturity is best estimated by
the maturation of one or more tissue systems, such
as somatic include (height *3, weight ©), sexual 7,
skeletal include (hand-wrist maturity * 813, cervical
vertebrae '“'7), dental maturity '8! and recently
introduced biomarkers %,

Lately, in an attempt to further reducing the ra-
diation dose, the dental calcification stages, as seen
on routinely taken panoramic radiograph has been
used to assess the level of skeletal maturation. Some
studies have shown a strong correlation between
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calcification stages of various mandibular teeth
particularly the mandibular canine and the skeletal
maturity **, while others have refuted this claim
4448 Because of this controversy and the well-estab-
lished racial variation in the stages of dental calcifi-
cation®033424-51 the present study was undertaken to
investigate the reliability of mandibular canine mat-
uration stages in predicting pubertal growth spurt in
a sample of Egyptian orthodontic patients.

MATERIALS AND METHODS

This retrospective, cross-sectional study was
carried out on 750 radiographs taken from the re-
cords of 250 subjects; 139 females and 111 males,
three radiographs (left lateral cephalometric, pan-
orama and left hand and wrist) were analyzed for
each subject.

The sample size calculation was based on the
power analysis using pubertal spurt age as the
primary outcome. The age was selected between 7
and 18 years.

Data collected for every subject were; the name,
gender, date of birth, and the date when the x-rays
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were taken. Chronological age at the time when the
x-ray was taken was determined by the date of birth
recorded on the x-rays. The mean age was 11.6+2.32
y for males and 12+2.9 y for females. The second
supervisor did the anonymization of the radiographs
by removing the personal details of each patient and
replacing them by a code number.

Tracing

Tracing was performed by using .003” acetate
tracing paper and 4Hb pencil, in a darkened room
with a radiographic illuminator to ensure contrast
enhancement of the bone and dental structures *2.

Dental maturity assessment

The calcification stages of the left mandibu-
lar canine were assessed according to Demirjian’s
method of dental maturity assessment. Mandibular
left canine has been rated according to develop-
mental criteria (amount of dentinal deposit, shape
change of pulp chamber, etc.) rather than changes in
size. Eight stages, A to H, have been defined in the
original method. However, in this study, only five
stages (D to H) were assessed due to their relevance
with the circumpubertal growth phase ° (table 1).

TABLE (1): showing the calcification stages of left mandibular canine according to Demirjian’s method %

Stage D.
(1) Crown formation is complete down to CEJ.

(2) Superior border of pulp chamber is curved and being concave towards the cervical region.
(3) Beginning of root formation in the form of a spicule.

Stage E.

(1) The walls of the pulp chamber form straight lines.

(2) The root length is less than the crown height.

Stage F.

(1) The walls of the pulp chamber form a more or less isosceles triangle, with the apex

ending in a funnel shape.

(2) The root length is equal to or greater than the crown height. ) /
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Stage G.
(1) The walls of the root canal are parallel and its apical end is still partially open.

Stage H.
(1) The apical end of the root canal is completely closed.
(2)The periodontal membrane has a uniform width around the root and the apex.

Skeletal maturity assessment:
Middle phalanx of third finger maturation stages (MP3):

MP3 Ossification Stages were evaluated according to Hagg and Taranger Method which is summarized
in (table 2).

TABLE (2): MP3 Ossification Stages according to Hagg and Taranger Method’

MP3-F:

Epiphysis is as wide as metaphysis.

Occurs before onset of PHV.

More than 80% of pubertal growth remaining.

MP3-FG:

Epiphysis is as wide as metaphysis.

Distinct medial and /or lateral border of epiphysis forming a line of demarcation
at right angle to distal border.

Indicates the accelerating slope of pubertal growth spurt.

MP3-G:

The sides of epiphysis thickened and cap its metaphysis forming a sharp edge at
one or both sides.

Corresponds to the peak of pubertal growth.

MP3-H:
Characterized by beginning of fusion epiphysis and metaphysis. Indicates the
decelerating slope but before the end of growth spurt.

MP3-1
Characterized by completion of fusion of epiphysis and metaphysis. This is
attained at end of growth spurt.
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Cervical vertebrae maturational stage (CVMs):

The cervical vertebrae maturity indicator (CVMI) was evaluated on the lateral cephalogram by using the
method proposed by Hassel and Farman'*(table 3).

TABLE (3) The cervical vertebrae maturity indicator (CVMI) using Hassel and Farman method: '

CVMI 1 (Initiation):

The inferior borders of C2, C3, and C4 are flat. The vertebrae are wedge shaped,
and the superior vertebral borders are tapered from posterior to anterior. About
80%-100% of adolescent growth remains.

CVMI 2 (Acceleration):

Concavities develop on 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. About 65%-
85% of adolescent growth remains.

CVMI 3 (Transition):
Distinct concavities are seen on the inferior borders of C2 and C3. A concavity
is beginning to develop on the inferior border of C4. The bodies of C3 and C4
are rectangular in shape. About 25%-65% of adolescent growth remains.

CVMI 4 (Deceleration):
Distinct concavities are seen on the inferior borders of C2, C3, and C4. The
vertebral bodies of C3 and C4 are becoming squarer in shape. About 10%-25%
of adolescent growth remains.

CVMI 5 (Maturation):

More accentuated concavities are seen on the inferior borders of C2, C3, and C4.
The bodies of C3 and C4 are square or nearly square in shape. About 5%-10% of
adolescent growth remains.

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 have greater vertical than horizontal dimension.
Little or no adolescent growth remains.
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Reliability of measurements:

Randomly selected 249 radiographs for 83 pa-
tients (30% of the total sample) including an equal
number of panoramic, lateral cephalometric and
hand-wrist radiographs were recorded by the second
supervisor and re-assessed blindly by the same in-
vestigator. The data from these 249 radiographs were
statistically compared with the data from the total
sample to assess the reliability of measurements.
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RESULTS

In the present study, Chi-square tests have
shown highly significant associations between the
mandibular canine calcification stages (MCC) and
both CVMI and MP3 maturation stages in females
and males (p<0.001) as shown in (tables 4, 5)
respectively.

TABLE (4): Frequencies, percentages and results of Chi-square test for the association between MCC and

CVM stages in females and males:

CVM stage
E Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 P-value
£
8 MCC stage n Yo n %o n %o n %0 n %o n %
Stage D 1 2.6 0 0 0 0 0 0 0 0 0 0
% Stage E 22 564 2 13.3 0 0 0 0 0 0 0 0
g Stage F 13 333 8 533 4 333 2 13.3 0 0 0 0 <0.001%*
= Stage G 2 5.1 4 26.7 5 41.7 5 333 0 0 0 0
Stage H 1 2.6 1 6.7 3 25 8 533 14 100 44 100
Stage D 3 7.5 0 0 0 0 0 0 0 0 0 0
) Stage E 19 475 11 275 0 0 0 0 0 0 0 0
E Stage F 13 325 21 52.5 1 9.1 2 25 0 0 0 0 <0.001*
Stage G 4 10 6 15 3 273 3 375 0 0 0 0
Stage H 1 2.5 2 5 7 63.6 3 37.5 7 100 5 100

n: number, *: Significant at P < 0.05

TABLE (5): Frequencies, percentages and results of Chi-square test for the association between MCC and

MP3 stages in females and males:

MP3 stage

Q Stage F Stage FG Stage G Stage H Stage 1 P-value
=
2
g MCC stage n % n % n % n % n %

Stage D 1 33 0 0 0 0 0 0 0 0
= Stage E 18 60 6 273 0 0 0 0 0 0
E Stage F 9 30 11 50 7 233 0 0 0 0 <0.001*
& Stage G 1 33 4 18.2 10 333 1 7.7 0 0

Stage H 1 33 1 45 13 433 12 923 44 100

Stage D 3 53 0 0 0 0 0 0 0 0
= Stage E 27 474 3 12 0 0 0 0 0 0
) Stage F 22 386 12 48 3 16.7 0 0 0 0 <0.001°*
® Stage G 3 53 6 24 7 389 0 0 0 0

Stage H 2 35 4 16 8 44 4 7 100 4 100

n: number *: Significant at P < 0.05
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DISCUSSION

The most popular methods for assessment the
pubertal growth spurt are the skeletal maturity in-
dicators such as hand- wrist (HWMI), cervical ver-
tebrae (CVMI) and middle phalanx of third finger

(MP3) . In order to reduce the number of radio-
graphic exposure and to provide a more easy meth-
od for evaluating physiologic maturity,Demirjian
introduced a method based upon assessment of
dental maturation through the use of panoramic
radiograph®. The results of the present study have
indicated that females mature earlier than males;
therefore, it is very important clinically, to initiate
functional and orthopedic treatment earlier in fe-
males than males. This finding is in agreement with
Hunter *, Hagg and Taranger 7, Chen et al *', Rozylo-
Kalinowska et al *, Bagherpour et al *°, Yadav et
al¥, Howell * and Nemati et al >*.

According to the results of the current study,
growth modification is preferred to be done between
9.67 and 12.85 years in females and 12.34 to 14.74
years in males because this represents the active
period of growth between the pre-peak (MP3-FG)
and the onset of post-peak (MP3-H) stages. This
finding is in accordance with the study done by Abd
Elsayed et al * which concluded that the pre-peak
stage (MP3-FG) was reached at 12.85 years while
the post-peak stage (MP3-H) started at 14.6 years in
Egyptian Cairo adolescent males.

At CVMI stage 3, 63.6% of males showed MCC
stage H while 41.7% of females showed MCC stage
G, therefore male subjects had a more advanced
trend in tooth calcification than females. These
results are in accordance with previous studies 334,

There was a significant correlation between the
mandibular canine calcification (MCC) stage F and
both CVMI2,MP3 FG stages. These stages represent
the pre-peak or the onset of the accelerating phase
of growth in both males and females. MCC stage
H was found to correspond to the peak and post-
peak periods of pubertal growth in both genders
when relating to MP3 staging. When relating to
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CVMI stages, males with MCC stage H were found
to correspond to peak and post-peak periods, while
female subjects showed more tendencies toward
MCC stage G (peak of pubertal growth).

From these results, one can conclude that MCC
stage F can be used for prediction of the onset of
pubertal growth, while the prediction of the peak or
the post-peak periods using MCC method may be
unreliable.

Clinically, MCC stage F is considered as the best
time for growth modification because it represents
the onset of accelerating growth and about 65%-
85% of adolescent growth remains. But patients
who showed MCC stage H are most probably lie in
post-peak phases, where a little percent of growth
remaining, therefore, for growth modification to be
undertaken, further investigations are recommended
to accurately assess the pubertal growth phase. These
results are in agreement with Coutinho *°, Rézyto-
Kalinowska et al *%, Perinetti et al *” and Goyal et
al*, who reported that MCC stage F correspond to
the onset of accelerating phase of pubertal growth.

CONCLUSION

Mandibular canine calcification stages can be
clinically used as a maturity indicator of the pu-
bertal growth, only during the pre-peak period of
pubertal growth. MCC stage F is the best time for
growth modification using orthopedic or functional
appliances. Females mature earlier than males by
about two years.

MCC staging method is simple, economical
and eliminates the need for additional x-rays; in
addition, it is available in most orthodontic offices.

RECOMMENDATION

Further study is recommended on a larger sample
from different regions of Egypt to corroborate the
findings. Clinically, MCC staging is recommended
to be routinely evaluated on the periapical or
panoramic radiograph as a first diagnostic level of
the pubertal status of a patient.
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