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ABSTRACT

Introduction: Cervical vertebrae are one of the indicators for craniofacial bones maturation. Timing of
craniofacial bone maturation determined achievement of orthodontic early treatment. Some previous
researchers recommended cervical vertebral maturation to assess craniofacial growth. This study was
aimed to analyse the differences of anteroposterior facial dimensions in male and female children on
intermediate mixed and early permanent dentition using Cervical Vertebrae Maturation Index (CVMI).
Methods: An analytic observational study with a cross-sectional design was conducted on the students of
Islamic Elementary School (Madrasah Ibtidaiyah) in Depok district, Sleman, Yogyakarta, from July 2019 to
January 2020. Subjects consisted of 22 males and 22 females aged 8-11 years, obtained by a consecutive
sampling technique. The anteroposterior facial analysis was performed on the lateral cephalometry for
measuring the distance of Sella turcica to Nasion (S-N) representing the anterior cranial base, Posterior
Nasal Spine to Anterior Nasal Spine (PNS-ANS) representing the maxilla and Gonion-Menton (Go-Me) and
Condylion-Gnathion (Co-Gn) represents the mandible. Assessment of CVMI was decided by the Hassel
and Farman methods. Data were analysed by One Way ANOVA. Results: The mean value of S-N, PNS-ANS,
Go-Me, and Co-Gn dimensions, generally were higher in males than females; however, only dimensions
of maxillary and mandibular were showed significant difference (p<0.05), while the S-N dimension was
not significantly different (p>0.05). At the interval of CVMI 3 and 4, the Go-Me and Co-Gn dimensions
showed a significant difference (p<0.05) both in males and females. Conclusion: There was a difference
in anteroposterior dimensions of the maxillary and mandibular in cervical vertebral maturation in
children with intermediate mixed and early permanent dentition, however, no difference was found in
the anterior cranial base.
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INTRODUCTION

Knowledge of craniofacial growth and development
isessential in determining the diagnosis, treatment
planning, predicting of result, and stability of
orthodontic treatment outcomes.' The main issue
of orthodontic treatment in developing patients
determines the right time to start treatment,
especially in the use of functional appliances.
Failure to determine the timing of treatment can
result in not optimal treatment results. Therefore,
dentists need to ascertain a patient’s growth status
so that proper treatment can be started on time.?

Assessment of the level development and
somatic maturity of a person is not only based
on chronological age but also needs to consider
biological age. Biological age can be determined
by somatic, sexual, skeletal, and permanent tooth
maturation.? There are three skeletal maturity
indicators: increased body height, hand and wrist
maturation (hand-wrist method), and changes
in cervical vertebrae morphology.“>¢ Cervical
vertebral maturation can be used as an alternative
to the hand-wrist method to assess craniofacial
bones. For that, a lateral cephalogram can be used,
so additional radiographs are not required.?” One
method to assess cervical vertebral maturation is
the Cervical Vertebrae Maturation Index (CVMI)
method. The CYMI method exploits an individual's
growth potential to identify cervical vertebrae
morphology.”:?

Some previous researchers recommended
cervical vertebral maturation to assess craniofacial
growth. Linear measurements of craniofacial to
assess anteroposterior growth consisted of anterior
cranial base length (S-N), maxillary length (PNS-
ANS), and mandibular length (Go-Me).® A group
of researchers has conducted a study to estimate
the cranial and mandibular growth during the
initial stages of Pubertal Growth Spurt (PGS) by
measuring S-N to assess the anterior cranial base
length and Co-Gn to assess the total mandibular
length.''" Other researchers reported that the
increased mandibular length was associated with
cervical vertebral maturation.??

Intensity, onset, and duration of peak
craniofacial growth in puberty vary on an
individual basis."" Pubertal Growth Spurt can be
used for early orthodontic treatment. Several
clinical studies had shown that a better and more
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effective response was obtained when treatment
was administered during periods of accelerated
growth.”>" Early orthodontic treatment aims to
correct or prevent malocclusion, thereby reducing
the need to treat more complex permanent
teeth. Early orthodontic treatment in children
usually can be started in either the primary or
mixed dentitions to enhance the dental and
skeletal development before the eruption of the
permanent dentition.™

The dentition phases consist of four
periods: early mixed dentition, intermediate
mixed dentition, late mixed dentition, and
early permanent dentition.* The middle mixed
dentition is a tooth period characterized by
permanent incisors, and the first molars have fully
erupted. On the other hand, all permanent teeth
characterize the early permanent dentition in the
dental arches (possible presence of second molars,
absence of third molars).# In that periods, starting
to enter the Pubertal Growth Spurt, females start
a growth spurt two years earlier than males.’
This study was aimed to analyse the differences
of anteroposterior facial dimensions in male and
female children on intermediate mixed and early
permanent dentition using CVMI.

METHODS

This study was analytic observational with a cross-
sectional design conducted from July 2019 to
January 2020. The subjects of this study were the
students of Madrasah Ibtidaiyah in Depok, Sleman
Regency, Yogyakarta. The subjects consisted of 22
males and 22 females aged 8-11 years, obtained
by a consecutive sampling technique.

Inclusion criteria subjects were as follows:
children who had received approval from parents/
guardians to participate in the study by signing
informed consent, at least including the category
of moderate nutritional status based on WHO-NCHS
standards, not previously submitted to orthodontic
treatment, in a period of the intermediate mixed
dentition and the early permanent dentition,
occlusion relations within normal limits, overbite
and overjet regular, no crossbite and open bite, no
or mild crowding and no extensive proximal caries
of the teeth.

In addition, exclusion criteria were as
follows: subjects with physical or mental disability,
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subjects with a facial deformity, subjects with bad
oral habits, and had a history of chronic disease.
A digital cephalometric  radiographs
was taken used Vatech with PCH-2500 model
specifications, AC power input 100-120 / 200-240
V, 50/60 Hz, 2.0 kVA (max.) 170 VA (Nominal),
according to the operational standards applicable
in the Radiology Installation of the Dental and Oral
Hospital UGM Prof. Soedomo, Yogyakarta. The
obtained lateral cephalometric radiograph was
used to assess the cervical vertebrae's maturation
and analyze the anteroposterior facial dimensions.
The procedure for assessing cervical
vertebral maturation was as follows: the digital
cephalometricwasviewed using the Microsoft Office
Picture Manager program at 100% magnification
and analyzed according to the Hassel and Farman
method. The morphology of cervical vertebrae 2,
3, and 4 were observed, namely the presence or
absence of curvature in the inferior border of the
body, the shape of the body, and Intervertebral
spacing then compared with the standard of the
Hassel and Farman method. There are six stages
of Cervical vertebral maturation index (CVMI). In
CVMI 1, the inferior border of vertebra bodies C2,

C3, and C4 are flat, with the vertebrae C3 and C4
are wedge-shaped; the superior vertebral borders
are tapered from posterior to anterior.

CVMI 2, concavities are developing in the
inferior borders of C2 and C3; the inferior border
of C4 is flat, and the bodies of C3 and C4 are
nearly rectangular. CVMI 3, distinct concavities
are seen in the inferior borders of C2 and C3,
whereas a concavity has begun to develop in the
inferior border of C4; the bodies of C3 and C4 are
rectangular.

CVMI 4, distinct concavities are seen in the
inferior borders of C2, C3, and C4; the vertebral
bodies of C3 and C4 are becoming more square in
shape. CVMI 5, more accentuated concavities are
seen in the inferior borders of C2, C3, and C4; the
bodies of C3 and C4 are nearly square to square
in shape. CVMI 6, deep concavities are seen in the
inferior borders of C2, C3, and C4; the bodies of
C3 and C4 are square or more fantastic in vertical
dimension than in horizontal dimension (Fig. 1).%

The anteroposterior facial analysis was
performed on the lateral cephalometry for
measuring the distance of S-N representing the
anterior cranial base, PNS-ANS representing the
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Figure 1. Typical cervical vertebrae appearance using lateral cephalograph?®

maxilla, and Go-Me and Co-Gn representing the
mandible. The digital cephalometric was viewed
using the CorelDraw X7 program to adjust the
original computer program settings directly
connected to the radiographic unit. The digital
cephalogram was determined in A4 size, linear
size in millimeters. Photo objects locked for the
position of the predetermined orientation point
did not change when the photo was enlarged or

shifted. Cephalogram tracing was performed by
determining the orientation points on S, N, PNS,
ANS, Go, Me, Co, and Gn; these points were
connected to form a linear line according to the
parameters. The linear size of each line is noted
from the laptop screen.The researcher carried
out the reproducibility test by re-analyzing all
cephalograms on different occasions to minimize
errors. If the initial measurements are within 5%
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of each other's error distance, then the average of
the two will be used.

If the difference is more significant, two
additional measurements will be made until the
values are within 5% of each other. All data were
tested for normality with the Shapiro-Wilk test
and data homogeneity with the Levene test, then
analyzed by One-Way ANOVA and Post Hoc Test.

Ethical clearance was obtained from the
Research Ethics Commission of the Faculty of
Dentistry, Universitas Gadjah Mada prior to the
study. Number of Ethical Clearance 00228/KKEP/

FKG-UGM/EC/2019.

RESULTS

Subjects were divided into three CVMI groups,
namely CVMI 2, CVMI 3, and CVMI 4 after a cervical
vertebral maturation analysis was carried out. The

mean values and standard deviation, Shapiro-Wilk
test, Levene test, and One-way ANOVA test of the
anterior cranial base (S-N), maxillary (PNS-ANS),
and mandibular (Go-Me and Co-Gn) dimensions
can be seen in Table 1. The mean values of the
anterior cranial base (SN), maxillary (PNS-ANS),
and mandibular (Go-Me and Co-Gn) dimensions in
the cervical vertebral maturation stage (Table 1)
showed higher CYMI 4 than CVMI 3 and CVMI 2 both
in male and female.

At CVMI 2, the mean values of S-N and
Co-Gn dimensions were higher in male subjects,
while the mean values of PNS-ANS and Go-Me
dimensions were higher in female subjects. At
CVMI 3 and CVMI 4, the mean value of the SN,
PNS-ANS, Go-Me, and Co-Gn dimensions of male
subjects was higher than females, except at CVMI
3, the mean value of Co-Gn of male subjects was
almost the same as for females.

Table 1. Mean values and standard deviation, Shapiro-Wilk test, Levene test, and One-way ANOVA test of the anterior
cranial base, maxillary and mandibular dimensions on the cervical vertebrae maturation in male and female subjects

Shapiro-Wilk Levene F

Dimension  Sex CVMI n X+ SD p
(P) ()
2 7 57.45 + 3.00 0.223
M 3 8 59.09 +2.81 0.227 0.220 2632 0.098
oN 4 7 60.62 +1.72 0.433
2 6 56.87 +2.32 0.361
F 3 7 57.44 + 1.86 0.146 0.264 0.296 0.747
4 9 57.94 + 3.28 0.999
2 7 39.68 + 3.38 0.359
M 3 8 42.67 + 2.44 0.519 0.326 8294* 0.003*
4 7 45.39 + 1.85 0.545
PNS-ANS
2 6 40.00 + 1.28 0.332
F 3 7 41.65 + 2.05 0.845 0.469 9823* 0.001*
4 9 44.14 +1.92 0.532
2 7 55.90 + 3.27 0.201
M 3 8 59.23 +2.16 0.314 0.280 15415* 0.000*
4 7 63.11 £ 1.60 0.304
Go-Me
2 6 56.56 + 2.89 0.539
F 3 7 56.74 + 2.84 0.735 0.866 8997* 0.002*
4 9 62.14 + 3.13 0.321
2 7 89.27 + 3.44 0.247
M 3 8 92.55 + 2.57 0.415 0.304 17882 0.000*
4 7 98.39 + 2.64 0.222
Co-Gn
2 6 88.35 + 3.06 0.577
F 3 7 92.57 £ 1.71 0.069 0.463 23486* 0.000*
4 9 96.20 + 1.80 0.685

S-N: distance from the Sella tursica to the Nasion; PNS-ANS: distance from the Posterior Nasal Spine to the Anterior Nasal
Spine; Go-Me: distance from the Gonion to the Menton; Co-Gn: distance from the Condylion to the Gnathion; M: Male; F:
Female; CVMI: Cervical Vertebrae Maturation Indices; n: number of subjects; X + SD: Mean value and standard deviation; p:

probability value; F: F value; *: significance
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The results of the data normality test with
the Shapiro-Wilk test (Table 1) showed that the
data of the anteroposterior dimension of the
anterior cranial base (S-N), maxilla (PNS-ANS),
and mandible (Go-Me and Co-Gn) were normally
distributed (p> 0.05) in male and female subjects,
both at CVMI 2, CVMI 3 and CVMI 4. Homogeneity
test using the Levene test obtained p-value > 0.05
in all dimensions. The results of the One-Way
Anova Test showed that there were significant
differences (p<0.05) in the maxillary dimension
(PNS-ANS) and mandibular dimensions (Go-Me,
Co-Gn) based on cervical vertebral maturation
stages 2, 3, and 4, both in male and female
subjects. In contrast, a non-significant difference

(p> 0.05) was found in the dimensions of the
anterior cranial base. The results of the Post Hoc
test (Table 2) showed that there was no significant
difference (p>0.05) in the S-N dimension at all
CVMI intervals, except for the CVMI 2 and CVMI 4
intervals for male subjects (p <0.05). In the CVMI
2 and CVMI 3 intervals, there were significant
differences (p<0.05) in the dimensions of PNS-
ANS, Go-Me, and Co-Gn in male subjects, while in
females, only the Co-Gn dimension. In the CVMI
3 and CVMI 4 intervals, there were significant
differences in the dimensions of PNS-ANS, Go-Me,
and Co-Gn in female subjects, while in males,
there were significant differences in Go-Me and
Co-Gn dimensions.

Table 2. The results of Post Hoc LSD test in the dimensions of the anterior cranial base (S-N), maxilla (PNS-ANS), and mandible
(Go-Me, Co-Gn) based on cervical vertebral maturation stages 2, 3, and 4 in male and female subjects

Sex CVMI 2 - CVMI 3 CVMI 2 - CVMI 4 CVMI 3 - CVYMI 4
Dimension Mean Mean Mean
difference P difference P difference P
SN M -1.63714 0.236 -3.17071 0.033* -1.53357 0.266
F -0.57786 0,700 -1.07444 0.452 -0.49659 0.715
M -2.99152 0.040* -5.70714 0.001* -2.71563 0.060
PNS-ANS
F -1.65595 0.119 -4.14611 0,000* -2.49016 0.014*
oM M -3.3258 0.016* -7.20643 0,000* -3.88063 0.006*
o-Me
F -0.17964 0.915 -5.57639 0.002* -5.39675 0.002*
oG M -3.28339 0.041* -9.11929 0,000* -5.83589 0.001*
0-Gn
F -4.21929 0.003* -7.85056 0,000* -3.63127 0.004*

S-N: distance from the Sella turcica to the Nasion; PNS-ANS: distance from the Posterior Nasal Spine to the Anterior Nasal
Spine; Go-Me: distance from the Gonion to the Menton; Co-Gn: distance from the Condylion to the Gnathion; M: Male; F:

Female; CVMI: Cervical Vertebrae Maturation Indices; p: significance value; *: means p <0.05

DISCUSSION

In the intermediate mixed dentition and the
early permanent dentition period, males and
females begin to experience a growth spurt;
early orthodontic treatment is usually performed
during this period. Early orthodontic treatment,
especially in the use of functional appliances,
needs to determine the maturities of the
craniofacial bone for the treatment results to be
more effective and optimal.

The CVMI method as an indicator of
craniofacial bone maturity is used to estimate
the Pubertal Growth Spurt period to determine
the proper time to start orthodontic treatment.
The bones observed in the CVMI method are C2,

C3, and C4, with the advantage that these areas
can still be observed even when using a thyroid
protective collar during radiation exposure.”8

The results showed that the mean values of
the anterior cranial base, maxillary and mandibular
dimensions of male and female subjects (Table
1) increased with increasing cervical vertebral
maturity. However, most of the mean values of the
anterior cranial base, maxillary and mandibular
dimensions were higher in the male.

This shows that males growth and
development patterns are more significant than
female even though craniofacial bones have grown
in both of them."'® Stage of CVMI 2 is accelerated
growth, CVMI 3 is transitional, and CVMI 4 is called
a deceleration stage or a decrease in growth
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rate.” A spike in growth rate that occurs before
CVMI 4 is likely to cause the anterior cranial base,
maxillary and mandibular dimension at CYMI 4 to
be higher than in the previous CVMI. The anterior
cranial base at the CVMI 2 and CVMI 3 intervals
and the CVMI 3 and CVMI 4 intervals did not show
any significant differences in male and female
subjects.

This study followed other studies that
the S-N measurement did not show a significant
increase in the initial growth of Pubertal Growth
Spurt." This may be because the anterior cranial
base growth is completed earlier, around the age
of 8 years, so the anterior cranial base region is
relatively stable.®

The maxilla showed significant differences
in the CVMI 2 and CVMI 3 intervals in male subjects
and the CVMI 3 and CVMI 4 intervals in females
(Table 2). This shows that the peak of the growth
spurt in females occurs earlier than males and that
males are more significant than females."" The
maxilla increases in length due to bone deposition
on the posterior of the maxillary tuberosity, which
will stimulate forward displacement of the entire
maxilla.’

The mandible (Go-Me and Co-Gn) showed
significant differences in all CVMI intervals in
male and female subjects, except for the Go-
Me dimensions of the female subjects at CVMI
2 and CVMI 3 intervals. The timing variation
in the eruption of the mandibular teeth in the
female subjects probably caused no significant
differences in the Go-Me dimension. The growth
of the mandible occurs due to the opposition
of the periosteal bone on the posterior edge of
the ramus and resorption in the anterior of the
ramus. 16

The presence of resorption in the anterior
ramus, then the mandibular body increases in
length and allows accommodation of the posterior
lower teeth.'® The eruption of these teeth affects
the growth of the alveolar process of the mandible
and, together with the growth of the condyles,
causes the mandible to increase in height. The
posterosuperior growth of the mandibular condylar
process will increase the overall anteroposterior
dimension of the mandible."'®

In the CVMI 2 and CVMI 3 intervals or
between the prepubertal and pubertal phases,
the maxillary and mandibular growth (Go-Me, Co-
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Gn) was significant in males, whereas, in females,
only the mandible (Co-Gn) grew significantly. The
results of the other studies indicate that the growth
acceleration in the total length of the mandible
(Co-Gn) occurs in the pre-peak phase to the peak
growth phase of puberty.”? In the CVMI 3 and
CVMI 4 intervals or pubertal phase, the mandible
grows significantly in male and female subjects.
In theory, the growth of the mandible grows later
than the nasomaxillary complex.' It appears in the
results of this study that mandibular growth is still
ongoing until the deceleration stage.

The acceleration growth of the mandible
at the CVMI 3 and CVMI 4 intervals was following
the other study, which showed that the peak of
the growth spurt occurs on average between CVM
3 and CVM 4." Another study was conducted to
evaluate changes in mandibular dimensions during
five intervals of circumpubertal growth showed
that the most significant increase in mandibular
length (Co-Gn) occurred during the CS 3 to CS 4
interval (4.1 mm).?

The present study revealed that maxillary
and mandibular growth showed significant results.
These results differ from the other study, which
stated that maxillary and mandibular growth at
the acceleration period of growth spurt tends to
be linear and affirmed that there is no difference
in growth increment during the acceleration
and peak stages of the PGS demonstrated by
cephalometric measurements.'”

Early orthodontic treatment in children,
if started at the optimal maturation stage, can
give the best results with the lowest predictable
probability of treatment failure.2Early orthodontic
treatment performed in skeletal cases with growth
modification usually used of orthodontic functional
appliances. The wused orthodontic functional
appliances at the peak in pubertal growth can
accelerate the expected success of the treatment
was twice more effective than carried out three
years before or three years after the peak."

CONCLUSION

There was a difference in anteroposterior
dimensions of the maxillary and mandibular
in cervical vertebral maturation in children
with intermediate mixed and early permanent
dentition, however, no difference was found in the
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anterior cranial base.
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