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ABSTRACT

Objective: This study was aimed to investigate the reliability of acomputer application for assessment
of the stages of cervical vertebra maturation in order to determine the stage of skeletal maturity.
Material and methods: For this study, digital lateral cephalograms of 99 subjects (52 females and
47 males) were examined. The following selection criteria were used during the sample composition:
age between 9 and 16 years, absence of anomalies of the vertebrae, good general health, no history of
trauma at the cervical region. Subjects with lateral cephalograms of low quality were excluded from
the study. For the purpose of this study a computer application Cephalometar HF V1 was developed.
This application was used to mark the contours of the second, third and fourth cervical vertebrae on
the digital lateral cephalograms, which enabled a computer to determine the stage of cervical verte-
bral maturation. The assessment of the stages of cervical vertebral maturation was carried out by an
experienced orthodontist. The assessment was conducted according to the principles of the method
proposed by authors Hassel and Farman. The degree of the agreement between the computer appli-
cation and the researcher was analyzed using by statistical Cohen Kappa test. Results: The results of
this study showed the agreement between the computer assessment and the researcher assessment
of the cervical vertebral maturation stages, where the value of the Cohen Kappa coefficient was 0.985.
Conclusion:The computer application Cephalometar HF V1 proved to be a reliable method for assessing
the stages of cervical vertebral maturation. This program could help the orthodontists to identify the
stage of cervical vertebral maturation when planning the orthodontic treatment for the patients with
skeletal disharmonies.
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1. INTRODUCTION

Optimal treatment time is a funda-
mental concept of orthodontic treat-
ment of skeletal disharmonies. A suc-
cessful correction of skeletal dishar-
monies is achieved by growth modi-
fication, which can be carried out in
patients who have a certain amount of
growth remaining. Therefore, the most
favorable time for the treatment of
skeletal disharmonies during pubertal
growth spurt (1, 2, 3).

Studies of growth and development
have shown that there are wide indi-
vidual variations in the timing, dura-
tion and velocity of pubertal growth
spurt (4, 5), which are need to assess
the stage of skeletal maturity of each
person. Assessment of individual skel-
etal maturity can be determined using
a number of different, more or less re-
liable parameters such as: chronological

age, body weight and height, secondary
sexual characteristics, dental maturity,
hand-wrist radiograph and cervical
vertebrae maturation method (6, 7).
The hand-wrist radiographs have been
used as “gold standard” for determina-
tion of skeletal maturation for many
years (8, 9). To avoid additional X-ray
exposure of a patient, a new method for
assessment of skeletal maturity based
on the analysis of the morphology of
the cervical vertebrae was developed
(3). The cervical vertebrae are visible
on the lateral cephalograms, which are
routinely used in orthodontics diag-
nostic procedures, so that represents an
additional advantage of this method.
Several methods for assessment of skel-
etal maturity based on analysis of the
cervical vertebra have been described
in literature (3,10), and their reliability
has been confirmed in numerous pub-
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lished studies (10, 11, 12, 13, 14). All methods are based on
the analysis of morphological characteristics of the second,
third and fourth cervical vertebrae (C2, C3, C4), such as the
concavity of the lower border and the shape of a body of the
cervical vertebrae, which change from birth until reaching
the skeletal maturity. Hassel and Farman developed a cervical
vertebral maturation index (CVMI) observed on the lateral
cephalograms (10).

The assessment of cervical vertebral maturation can be per-
formed on conventional or digital lateral cephalograms. The
usage of digital radiography has several advantages—reduced
radiation, there is no need for use of chemicals in order to
make recordings, significantly improved precision of images,
the possiblity of computer analysis of images, radiographs
and the data analysis can be permanently stored (15). The
usage of digital X-ray imaging in orthodontics has led to the
development of several computer applications for assessing
the cervical vertebral maturation (16, 17, 18).

This study was aimed to investigate the reliability of a
computer application for assessment of the stages of cervical
vertebra maturation for determining the stage of skeletal ma-
turity.

2. MATERIALS AND METHODS

For this study, digital lateral cephalograms of 99 subjects
(52 females and 47 males) were examined. All subjects were
patients of the Department of Orthodontics, Faculty of Den-
tistry with Clinics, University of Sarajevo, who were seeking
orthodontic treatment and who had never been treated. The
following selection criteria were used during the sample com-
position: age between 9 and 16 years, absence of anomalies
of the vertebrae, good general health, no history of trauma
at the cervical region. Subjects with lateral cephalograms of
low quality were excluded from the study. The study was ap-
proved by the Ethics Committee of the Faculty of Dentistry
with Clinics, University of Sarajevo.

Assessment of individual skeletal maturity

Assessment of skeletal maturity was carried out using the
cervical vertebral maturation index (CVMI), as proposed
Hassel-Farman method(10), on digital lateral cephalograms.
This method requires that the second, third and fourth cer-
vical vertebrae (C2, C3 and C4) are

begins to develop on inferior border of C4. The bodies of C3
and C4 are rectangular.

CVMI IV — DECELERATION — Distinct concavities
are seen on inferior borders of C2, C3 and C4. The vertebral
bodies are becoming more square in shape.

CVMIV-MATURATION — More accentuated concavi-
ties are seen on inferior borders of C2, C3 and C4. The bodies
of C3 and C4 are nearly square in shape.

CVMI VI- COMPLETION — Deep concavities are seen
on inferior borders of C2, C3 and C4. The bodies of C3 and
C4 are square, or greater in vertical dimension than in hori-
zontal dimension.

An experienced orthodontist assessed the skeletal matu-
rity, and after one month all measurements were repeated.
The same orthodontist carried out the assessment of skeletal
maturity with the computer application.

Computer application

In order to conduct the planned study, a computer applica-
tion that enables to numerically assess the CVMI index was de-
signed and developed (CephalometarHF V1, author:E.S.). The
application was created using MATLAB programming lan-
guage and deployed as a standalone executable file. The graph-
ical user interface of the application is shown in Figure 1.

The application can be used for collecting patient data
in the form of a medical record. Patient generalities such as
name, sex, birth date, radiographs (lateral cephalograms and
orthopantomogram) are entered in the medical record by the
doctor. The radiographs images are automatically presented
in the application after loading. Moreover, some relevant
patient information, such as his chronological age or name
are preloaded or computed automatically from the available
data (birth date, image file name), therefore the record fill-in
time is significantly reduced. Medical records may be created,
saved, loaded and edited at any time. In addition, records may
be exported in MS Excel format, which facilitates the statis-
tical analysis of the results.

In order to assess the correct CVMI stage, the previously
acquired lateral cephalogram of the patient need to be loaded
from the database. The application estimates the CVMI stage
by analyzing the shapes and dimensions of the second, third
and fourth cervical vertebrae.
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Figure 1. The graphical user interface of the computer application — CephalometarHF V1
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Figure 2. The simplified CVMI index determination algorithm

The automatic cervical vertebrae shape extraction from
radiological images is still a significantly hard technical task
(19,20). Errors induced from inadequate image segmentation
could lead to false CVMI class assessment, therefore we ad-
opted the approach that the second, third and fourth verte-
brae contours are marked manually by the doctor. Unlike
similar developed application s(16,17,18), we propose to mark
the entire contour instead of just few characteristical points.
Thus, the shape features and characteristical points are ex-
tracted automatically and are more robust to marking errors.

The extracted contours are scale normalized and rotated
for clearer presentation. The nominal orientation is deter-
mined using the axis of least inertia (21). The contours repre-
senting the cervical vertebrae (from C2 to C4) are rotated to
vertical direction, in order to provide a more effective visual-
isation of the vertebrae shape. It is easier to assess the rectan-
gularity of the shape if it is bounded by a horizontally placed
box than if it is in its nominal orientation as on the original
cephalometric image.

The application is able to independently propose a CVMI
index based on the extracted vertebrae contours and it can
be used to confirm or verify the doctor’s opinion. Therefore,
the most important parameters for CVMI index assessment
according to Hassel and Farman (10) are extracted and pre-
sented to the medical examiner: relative concavities of C2,
C3 and C4, and shape rectangularity of C3 and C4. For the
sake of simpler interpretation by the doctor, these measures
are normalized and presented using filled bars and common
language decription. For example, the concavity is described
using: weak, developing, noticable, conspicouos, striking.
Doctors found it extremely useful to operate with words than
with parameters described by numbers. Other measures, such
as the anterior and posterior height of C3 and C4, upper and
lower length of C3 and C4, and lower length of C2 are ex-
tracted but not presented to the user.

The extracted parameters are used as inputs to the com-
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puter algorithm for automatic CVMI stage assessment. Due
to the nature of computer processing which uses the exact
bool logic and sharp mathematical relations in contrast to the
frequent ovetlapping of CVMI stages (which are more fre-
quently described using fuzzy logic instead of standard one),
the procedure proposed by Hassel and Farman'® was slightly
modified and adopted into a hybrid computer algorithm.
The implemented algorithm of the application is presented in
Figure 2. After contour extraction, the extracted parameters
(C2,C3 and C4 concavities and C3 and C4 rectangularity)
are used to classify the input image in two stages. First, the
rectangularities of the shapes are used to roughly classify the
input in one, two or three possible classes. In this stage, cases
of patological shapes or errors in contour extraction may be
detected and are classified as exceptions. Usually when an ex-
ception arise, the doctor simply repeats the contour tracing
process more accurately. In the second stage, the image is
further subclassified in the correct CVMI index based on
the concavities of C2, C3 and C4. If a concavity measure
does not match the class (e.g. no concavity on vertebrae exist
while expecting CVMI VI), a correct CVMI index cannot
be determined, hence an exception appears and the contour
tracing should be repeated.

The assessment of the exact CVMI index can be impos-
sible in some cases (patological case, or the patient is going
through one CVMI index to another). Therefore, the patient
does not seem to fit in one class only — it has some properties
from one class and others from adjunct classes. As a conse-
quence, the computer assessment, as well as the doctor assess-
ment, may be uncertain to some level. In order to visually
demonstrate the computer assessment to the doctor, the ap-
plication uses a bar graph which indicated how reliable is the
CVMI index determination.

For example, Figure 1. depicts the CVMI estimation re-
sults for one specific case. As it may be seen on the bargraph
in upper-right part of the Figure 1., the application proposed

ORIGINAL PAPER / ACTA INFORM MED. 2015 DEC 23(6): 364-368



Computer Based Assessment of Cervical Vertebral Maturation Stages Using Digital Lateral Cephalograms

CVMI stage II (dominantly based on slight concavity of C2
and C3, and rectangularity of C3 and C4). However, because
of the noticeable concavity of C2 the CVMI could belong to
stage III, or because of the missing concavity on C3 and C4
even in stage I. Therefore, the stage II is the recommended
one, but the doctor should take the final decision. Neverthe-
less, the application assessment is that stages IV-VI are highly
improbable.

3. RESULTS

Statistical analysis

SPSS software, version 20 was used to perform the statis-
tical analyses. Evaluation of reliability analysis is tested by
statistical Cohen Kappa test .

Kappa statistics testing the intra-examiner agreement,
agreement between the first and second assessment of re-
searcher, of the CVMI appraisal showed a value above 0.90
(Table 1).

The analysis of compatibility assessment stage of matura-
tion cervical vertebra between the computer application es-
timates and researcher’s estimates, revealed a almost perfect
agreement, whereby the value of Cohen Kappa coefficient
was k = 0.985. (Table 2).

Symmetric measures

Asymp. Approx.  Approx.

Valie  id.Errore T° sig.

Measure of Agreement 036
Kappa ég .028 18.729 .000
N of Valid Cases

Table 1. Intra-examiner agreement.

Symmetric measures

Asymp.
Value Std. Er- Abpprox. Approx.
rore T Sig.

Measure of Agree- 985
ment Kappa '99 .015 13.808 .000
N of Valid Cases

Table 2. Results of analysis of agreement between researcher
and computer application

4. DISCUSSION

The hand-wrist radiograph has been used to assess stage of
maturity of a child for a long time. To avoid taking addi-
tional radiographs, the cervical vertebral maturation method
has become more popular method for assessment of skeletal
maturity in recent years (3, 10, 11, 12, 13, 14, 16, 24).

In the present study the skeletal maturity was assessed on
digital lateral cephalograms using CVMI method described
by Hassel and Farman(10), which is designed to reliably
ranking patients according to their remaining growth po-
tential. This method takes into account morphological char-
acteristics of the second, third and fourth cervical vertebrae
(C2, C3 and C4).

All analyses were performed by one experienced ortho-
dontist. To examine the intra-observer reliability, all radio-
graphs were examined twice with an interval of one month
between assessments.

The agreement evaluated using the statistical Cohen Kappa
coefficient (k = 0.936) (Table 1). The results revealed that
the reproducibility of the assessment of the cervical verte-
bral maturation in our rater was almost perfect , which indi-
cates the precision of the examiner. Similar results have been
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shown in previous studies (12, 14, 18).

In addition, the assessment of skeletal maturity was per-
formed using a computer application, specifically developed
for this study. The aim of this study was to determine whether
there exists agreement in the assessment of skeletal maturity
between the computer application and the researcher, and to
determine the reliability of computer assessment. The results
showed that the assessment agree almost perfectly, with the
value of Cohen Kappa coeflicient k = 0.985 (Table 2).

Similar results were reported by Baptista et al., where the
agreement between the classifier and researcher was almost
perfect (k = 0.874), suggesting that the classifier is able to
reproduce the estimate of researcher and evaluate stages of
skeletal maturity, and moreover that the accurancy rate in-
creases up to 90.42% when a deviation of one adjacent stage
was taken into consideration (16). In contrast, our study have
shown the disagreement between assessment of the computer
application and the researcher in two cases, and it was devia-
tion of one adjacent stage.

Hassel and Farman noted that in some cases it may be dif-
ficult to differentiate between two adjacent stages of skeletal
bone maturation, and that this may not be clinically relevant.
Skeletal maturation is a continuous process and skeletal ma-
turity indicators (such as the hand-wrist radiograph and cer-
vical vertebral maturation) are categorized by distinct events
in this continuum. Each stage of maturation blends into the
next, and it is sometimes difficult to differentiate borderline
cases. Clinically, these differences should not be of great im-
portance (10).

Future work

The application Cephalometar HF V1 may be improved in
two directions.

First, additional efforts and testing need to be made in order
to replace the manual cervical vertebrae contour tracing by
an automatic one. However, simple image segmentation is
not sufficient in this case. Cervical vertebrae image model
needs to be developed in this case, accompanied by learning
and adaptive mechanisms.

Secondly, the extracted shape contours allow to extract ad-
ditional shape features (shape descriptors), which could give
insight into vertebrae shape evolution through CVMI index.
A mathematical model of shape evolution could be devel-
oped, therefore the proposed CVMI index'® would represent
just discrete cases of such models.

5. CONCLUSION

Computer application Cephalometar HF V1 was devel-
oped with the intention to assist the orthodontist in the eval-
uation of cervical vertebral maturation index (CVMI). Study
results indicate that the proposed computer application can
help orthodontists to identify the stage of CVMI and can
contribute toward greater diagnostic accuracy and better or-
thodontic treatment planning.

CONFLICT OF INTEREST: NONE DECLARED.
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