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Abstract: The aim of this study is to establish the relationship between patients’ chronological age and the
degree of skeletal maturation in cervical vertebrae appreciated with the help of profile teleradiographies.
Material and method: we analyzed the side cephalograms of a child cohort of puberty and prepuberty age. The
selected criteria applied to the subjects included were: age between 9-14, normal conditions regarding general
growth and development, without severe affections in the antecedents. While the subjects’ chronological age
refers to the date of birth, the degree of skeletal maturation is determined through method CVM (Cervical
Vertebral Maturation). In order to appreciate skeletal age 6 stages of CVM maturation are used. Results: Stage 1
CVM of skeletal maturity or the prepubertary stage can be identified with the early stage of mixed dentition or
the initial stage of permanent dentition. Stage 3 CVM or the puberty phase was identified with the last phase of
mixed dentition or the initial stage of permanent dentition. Conclusions: The early stage of mixed dentition is an
excellent indicator for appreciating the degree of skeletal maturation in the growth period. The intermediate

phase of mixed dentition is not a valid indicator in order to establish skeletal age.
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INTRODUCTION

The pubertary period has many
advantages for doing various orthodontic
treatments, and the planning of orthodontic
treatment at the right time, through
identifying the top of the growth period,
significantly contributes to the correction
of dental-maxillary anomalies. Due to
multiple changes that occur in this period,
the chronological age cannot really be
considered a guide regarding the child’s
development level. Moreover, other
parameters proved to be more precise, like
for example the growth speed, hormone
changes, teeth development and eruption,
skeleton maturation.

The standard method constantly used
in the orthodontic practice for appreciating
bone maturation is represented by the use
of the radiography of carpal bones and
hand joint that corresponds to certain
stages of skeletal maturation (number of
ossification centers) used as inter-
laboratory standard and presented in the
reference atlases.

The aim of our researches is to
establish the relationship between the
patients’ chronological age and the degree
of skeletal maturation in cervical

membrane through up to date methods
with a peculiar character that can represent
suggestive indicators in establishing top
periods regarding the body’s growth and
development.

MATERIALS AND METHOD

We have searched the cervical
vertebrae C2, C3, C4 visible on the routine
teleradiographies used in the diagnosing
and planning of the orthodontic treatment,
in the aim of appreciating bone maturation.
On the side teleradiography we can notice
the form changes of cervical vertebrae
upon growth. The appreciation method of
the degree of skeletal maturation through
examining the form of cervical vertebrae is
known in the international and specialty
literature as method CVM (Cervical
Vertebral Maturation).

Method CVM takes into consideration
the morphological changes in cervical
vertebrae C2, C3 and C4 such as the
concavity of the inferior margins, height
and length, but also the form of these
vertebrae. There are 6 stages of cervical
vertebrae maturation and at each level of
skeletal development, the form of these
vertebrae modifies: in the first stage of
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cervical vertebrae maturation, the inferior
margins of vertebrae C2, C3 and C4 are
plate, and in the flat, and in the last stage
their margins become concave.

The appreciation of the cervical
vertebrae maturation degree with the help
of side teleradiographies is an alternative

to the classical method of evaluating the
ossification degree at the level of the hand
wrist HWM (Hand Wrist Method). The
two radiological images, represented by
the radiography of hand bones and side
radiography, suggest this alternative (Fig.

1).

Figure 1. The radiography of hand bones and the side radiography

We have analyzed the side
cephalograms of a cohort of 94 children
from all the phases of mixed and
permanent initial dentition. The selection
criteria applied to the subjects included in
the study were: age between 9-14, normal
conditions regarding normal growth and
development, without severe affections in
antecedents. The subjects’ exclusion
criteria  were: temporary  dentition,
permanent dentition of the adult type,
craniofacial anomalies and anomalies at
the level of hand bones. The subjects’
chronological age refers to the date of
birth, while the degree of skeletal
maturation is determined through method
CVM. We have emphasized the following
aspects:

a. The presence or absence of the
concavity of the inferior margin of the
vertebrae body C2, C3 and C4

b. The form of vertebrae C2, C3 and C4
at different ages, taking into consideration
4 types of forms: trapezoidal (the superior
margin of the vertebral body is elongated
towards the top, from back to front,
horizontally rectangular (the back and
front sides have equal heights and the
upper and lower sides are much larger than

the front and back sides), the square form,
the vertically rectangular form (the back
and front sides are larger than the upper
and lower sides).

These characteristics are subclassified
in 6 stages of CVM maturation:

- Stage CVM 1. The inferior margins of
vertebra 3 are flat. The body of vertebrae
C3 and C4 has a trapezoidal form. The top
moment in the mandibular development
will not be reached sooner than 2 years
from this stage.

- Stage CVM 2. The inferior margin of
vertebra C2 is concave. The body of
vertebrae C3 and C4 1is still trapezoidal.
The top moment in the mandibular
development will not be reached sooner
than one year from this stage.

- Stage CVM 3. We can notice
concavities at the level of inferior margins
of C2 and C3. The body of vertebrae C3
and C4 is trapezoidal or rectangularly
horizontal shape. The top moment in the
mandibular development will be reached
in less than one year.

- Stage CVM 4. We can notice
concavities at the level of the inferior
margins of C2, C3 and C4. The body of
vertebrae C3 and C4 is rectangularly
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horizontal. The top moment in the
mandibular development took place one or
two years before this stage.

- Stage CVM 5. Further on we can notice
concavities at the level of the inferior
margins of C2, C3 and C4. The body of at
least one of the C3 or C4 vertebrae has a
square form, and the other is further on
horizontally rectangular. The top moment
in the mandibular development took place
a year before this study.

- Stage CVM 6. The concavities at the
level of inferior margins of C2, C3 and C4
are still obvious. The body of at least one
of the C3 or C4 vertebrae is rectangularly
vertical, and the body of the other vertebra
is square. The top moment in mandibular
development took place approximately
two years before.

RESULTS AND DISCUSSIONS

Method CVM supposes the emphasis
of 6 stages of skeletal maturation, with the
top moment of mandibular development
taking place between stages 3 and 4. The
pubertal top is not reached without
undergoing stages 1 and 2 of bone
maturation. The detection of stage 2
indicates the fact that the top moment of
growth is approaching, and it will be
produced in stage 3 CVM, at
approximately one year from stage 2 of
maturation. The active growth and
development are finalized the moment
when the changes of vertebrae C2, C3 and
C4 correspond to stage 6 of maturation.
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Figure 2. CVM stages and the correlations with the chronological age

Stage 1 CVM of skeletal maturation
or the prepuberty stage was identified with
the early stage of mixed dentition or its
intermediate phase. Stage 3 CVM or the
puberty phase was identified with the last
phase of mixed dentition or the initial
stage of permanent dentition. In the case of
subjects from the intermediate stage of
mixed dentition we can identify the
prepuberty stage of skeletal maturation:
around 60 % were diagnosed with stage 1
CVM and around 40 % with stage 2 CVM.
Around 30n % of subjects with permanent
dentition examined presented stage 3

CVM and only 15 % presented stages 5
and 6 CVM.

The moment when we can diagnose
stages 1 and 2 of skeletal maturation in a
child with mandibular deficiency, the
orthodontist physician and the radiologist
may wait for at least a year until a
reexamination of vertebrae C2, C3 and C4
in view of starting the treatment. The
appearance of a definite concavity at the
level of the inferior margin of C2 vertebra
indicates that the top moment of growth is
approaching, at approximately one year
from this stage. Stage 3 of skeletal
maturation represents the ideal time span
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for the start of functional orthopedics, as
the top moment in  mandibular
development will take place in less than
one year from this stage.

The treatment of class II anomalies
has the highest efficiency level when it
includes the top moment in the mandibular
development (stage CVM 3). The
treatments of class III anomalies with
maxillary expansion is efficient for the
maxillary only if it is done before the top
moment of growth (in stages 1 and 2
CVM), while for the mandible it is
efficient both in the puberty and
prepuberty stage. The effects of maxillary
expansion in view of correcting the
transversal deficiency of the maxillary are
greater in the prepuberty stage.

CONCLUSIONS

The early stage of mixed dentition
constitutes an excellent indicator for
appreciating the degree of skeletal
maturation in the growth period. The
intermediate phase of mixed dentition does
not represent a valid indicator for
establishing the skeletal age.
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