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Determining skeletal maturation stage
using cervical vertebrae: evaluation of
three diagnostic methods

Abstract: The aim of the present study was to compare the use of three
cervical vertebral evaluation methods (Hassel-Farman, Baccetti et al.,
and Seedat-Forsberg) for determinating skeletal maturation stage in orth-
odontic patients. Twenty-three radiographs were randomly selected from
a private orthodontic practice. Each radiograph was analyzed on three
separate occasions by four evaluators (one radiologist and three ortho-
dontists), who determined the skeletal maturation stage using the refer-
ences established by each of the three methods. Intraevaluator and in-
terevaluator comparisons were performed, and the degree of agreement
was established using the weighted Kappa coefficient (95% CI). Good
agreement (Kappa between 0.61 and 0.80) was observed between the de-
terminations of most of the evaluators. The three methods demonstrated
clinical applicability. However, the method proposed by Baccetti et al.
achieved the best results, followed by the Hassel-Farman and the Seedat-
Forsberg methods.

Descriptors: Growth and Development; Cervical Vertebrae;
Orthodontics.

Introduction

The most frequently employed methods for determining skeletal mat-
uration stage in orthodontics are the use of radiographs of the hand and
wrist, also the cervical vertebrae. A number of authors state that such
methods are reliable and that they can be routinely employed in orth-
odontic treatment planning.'”

Recent studies have shown that patients might benefit more by assess-
ing x-rays of the cervical vertebrae than the hand and wrist.®” The main
argument is that evaluation of the vertebrae can be made from routine
orthodontic documentation, thereby avoiding the second dose of radia-
tion necessary for radiography of the hand and wrist.

The chief methods for determining skeletal maturation in orthodontic
patients through the assessment of cervical vertebrae are those proposed
by Hassel and Farman® (1995), Baccetti et al.” (2002), and Seedat and
Forsberg'® (2005). Although these methods have been systematically em-
ployed in studies and clinical practice, the literature does not offer any
consistent evidence regarding their advantages and disadvantages or the
limitations of one method compared with another.

Thus, the aim of this study was to compare three cervical vertebral
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evaluation methods (Hassel-Farman,® Baccetti et
al.,’ and Seedat-Forsberg'’) for determining skeletal
maturation stage in orthodontic patients.

Materials and Methods

Twenty-three radiographs of good quality and
no overlapping of the cervical vertebrae were ran-
domly selected. These were diagnostic radiographs
of patients never having had any type of orthodontic
or orthopedic treatment, had no congenital or ac-
quired malformation of the cervical vertebrae, nor
having any developmental abnormalities. The pa-
tients were between 7 and 49 years of age and there-
fore in different stages in relation to the adolescent
growth spurt.

The study was based on identifying the skeletal
maturation stage of the cervical vertebrae by four
evaluators (three orthodontists and one radiologist)
who were duly instructed in performing the evalua-
tion using the three proposed methods. Each exam-
iner received a folder containing the 23 radiographs
with patient data blacked out as well as a pencil
sharpener, eraser, ruler, and an explanatory text
with drawings illustrating the three cervical verte-
bral maturation identification methods. Each evalu-
ator was instructed to first perform all evaluations
using the Hassel-Farman method,? followed by the
Baccetti et al. method,” and finally the Seedat-Fors-
berg method.!® There was a 15-day interval between
evaluations with the aim of eliminating possible in-
fluences of one method over the other. Radiograph
inspection was performed using an x-ray film viewer
with standard light intensity and the use of a mask
to isolate the radiograph and limit excess light.

In the Hassel-Farman method,® there are six
cervical vertebral maturation stages (CVMSs): ini-
tiation, acceleration, transition, deceleration, matu-
ration, and finalization. The method proposed by
Baccetti et al.’ has five CVMSs, and it allows two
variations for each stage. In the method proposed by
Seedat and Forsberg,'” the authors use the six stag-
es proposed by Hassel and Farman,® but evaluate
changes occurring only in the body of the third cer-
vical vertebra (C3). The authors justify the option
for the C3 vertebra for its easier visualization in the
cephalogram. The S-shape on the upper edge of C3
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is indicative of active adolescent growth, occurring
in the initiation and acceleration stages. The lip-
shape on the lower edge of C3 occurs in the transi-
tion and deceleration stages, whereas the rounding
of the lower corners of the vertebra suggests little
growth or the end of growth, corresponding to the
maturation and finalization stages.

For comparison purposes, an adjustment was
made to allow for the Hassel-Farman method hav-
ing six CVMSs and the method proposed by Bac-
cetti et al.” having five (two variants for each stage,
with the exception of Stage III). Thus, all patients
determined to be in Stage VI of the Hassel-Farman?®
and Seedat-Forsberg!® methods were considered to
be in Stage V. We deemed this adjustment to be val-
id, as there is a form of Hassel-Farman® Stage VI in
Stage V of the Baccetti et al. method.’

There is no “gold standard” for estimating skele-
tal maturation through the use of cervical vertebrae.
Therefore, a radiologist was used in this study as a

Table 1 - Interexaminer agreement (radiologist vs. ortho-
dontists) for the Hassel-Farman method,® expressed as skel-
etal maturation stage.

Radiologist
Weighted Kappa (95% Cl)
Stages ‘1‘2‘3‘4‘5
Orthodontist 1
1 3 0,000
2 0/3/1]0]0
0.64 (0.45-0.83)
3 0/2/3|0]0
4 0/0/2/0]1
5 0/0/2/3/|3
Orthodontist 2
1 3/1/0/0
2 0O/4/1/0/|0
0.69 (0.50-0.88)
3 0/0/4/0]1
4 0/0/2/3|2
5 0Oj0|1]0]1
Orthodontist 3
1 3/0/1]0]0
2 0/3/2/0]0
0.76 (0.58-0.93)
3 0/2/4/0/0
4 00| 1]3]1
5 0/0/0/0]|3
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reference point, being the most experienced among
the evaluators as well as a researcher in the field of
imaging diagnostics. After we collected the data, the
weighted Kappa test was performed to assess the de-
gree of intrareference examiner (radiologist) agree-
ment and interexaminer agreement between the ra-
diologist and the three orthodontists. Orthodontist
1 had 4 years of clinical experience, whereas ortho-
dontists 2 and 3 had 9 and 15 years of experience,
respectively.

The data were analyzed using the Stata com-
puter program (Stata, Version 9.0, Stata Corp.,
College Station, TX, USA) and the degree of agree-
ment was obtained based on the Altman classi-
fication:"" 0.00 - 0.20 = very low; 0.21-0.40 =
low; 0.41-0.60 = fair; 0.61-0.80 = good; and
0.81 - 1.00 = very good. The confidence inter-
val (CI) was 95%. The study was approved by the
Ethics Committee of the University of Vale do Rio
Verde, Faculty of Dentistry.

Table 2 - Interexaminer agreement (radiologist vs. ortho-
dontists) for the Baccetti et al. method” expressed as skeletal
maturation stage.

Results

Agreement comparing the three methods with
one another, as determined by the principal examin-
er (radiologist) was considered good (> 0.64). Table
1 shows good agreement between the principal ex-
aminer (radiologist) and the three orthodontist ex-
aminers (0.64, 0.69, and 0.76, respectively) for the
Hassel-Farman method.®

There was also good agreement between the ra-
diologist and the three orthodontist examiners con-
cerning the Bacceti et al. method® (0.75, 0.73, and
0.73, respectively) (Table 2) and the Seedat-Forsberg
method'™ (0.63, 0.66, and 0.54, respectively) (Table
3).

Discussion

Results of our study indicate that determination
of skeletal maturation stage via cervical vertebrae
had satisfactory clinical applicability, within the
limits of this study, using any of the three principal

Table 3 - Interexaminer agreement (radiologist vs. ortho-
dontists) for the Seedat-Forsberg method'® expressed as
skeletal maturation stage.

Radiologist Radiologist
Weighted Kappa (95% Cl) Weighted Kappa (95% Cl)
Stages ‘1‘2‘3‘4‘5 Stages ‘1‘2‘3‘4‘5
Orthodontist 1 Orthodontist 1
1 3/0/0/0]0 1 3/0/,0/0/|0
2 115/0/0/|0 2 2/3/0/0/0
0.75 (0.57-0.94) 0.63 (0.43-0.82)
3 0/1/3/0]0 3 0|43 /110
4 oj1|1]/5]|0 4 0O/0oj0|1]0
5 o0 |1 1]1 5 0/0|2 1|3
Orthodontist 2 Orthodontist 2
1 3/1/0/0/0 1 4,0/0/0/0
2 115100 2 0/4/0/0/0
0.73 (0.56-0.90) 0.66 (0.43-0.89)
3 o/1/2/21]0 3 113/5/0/0
4 0/0(2/40 4 ojo/0|1/|0
5 0/0|0 01 5 o/0|1/1 3
Orthodontist 3 Orthodontist 3
1 3/1/0/0/0 1 3/1/0/0/0
2 116200 2 113/0/0/0
0.73 (0.56-0.90) 0.54 (0.33-0.74)
3 0/0|1/2]0 3 113041
4 0/0/2/4/|0 4 0|0/ 2|1]0
5 0/0|0 |01 5 0/0|0 |1 2
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methods referenced in the literature. A number of
studies state that cervical vertebrae can be used as
a reliable parameter for estimating skeletal age, but
stress that this method should not be used exclusive-
ly and that further information should be acquired
in order to reach a precise determination.*”!?

In both the principal intraexaminer (radiologist)
comparison and comparisons between the princi-
pal examiner and the orthodontists, the best results
were obtained using the Baccetti ef al. method.” The
authors propose a new classification, in which there
are five maturation stages and variations in each
stage, thereby allowing improved radiograph clas-
sification. As one maturation stage does not abrupt-
ly evolve into another, the Baccetti et al. method’
eliminates many of the doubts as to which stage an
individual belongs. In this method, denominated
CVMS, only Stage III does not have a variation.
The evaluators also agreed that the Baccetti er al.
method’ was easier to administer than the others, as
the two anatomical variables in each stage simplify
the classification. Although new, the validity of this
method has been proven, and it has been used in a
study aimed at developing a new formula for assess-
ing the potential of mandibular growth.”!>15

On the other hand, the Seedat-Forsberg meth-
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