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Visual assessment of the cervical vertebral maturation stages
A study of diagnostic accuracy and repeatability

Giuseppe Perinetti®; Alberto Caprioglio®; Luca Contardo°®

ABSTRACT

Objective: To evaluate the diagnostic accuracy and repeatability of the visual assessment of the
cervical vertebral maturation (CVM) stages.

Materials and Methods: Ten operators underwent training sessions in visual assessment of CVM
staging. Subsequently, they were asked to stage 72 cases equally divided into the six stages. Such
assessment was repeated twice in two sessions (T1 and T2) 4 weeks apart. A reference standard
for each case was created according to a cephalometric analysis of both the concavities and
shapes of the cervical vertebrae.

Results: The overall agreement with the reference standard was about 68% for both sessions and
76.9% for intrarater repeatability. The overall kappa coefficients with the reference standard were
up to 0.86 for both sessions, and 0.88 for intrarater repeatability. Overall, disagreements one stage
and twp stage apart were 23.5% (T1) and 5.1% (T2), respectively. Sensitivity ranged from 53.3%
for CS5 (T1) to 99.9% for CS1 (T2), positive predictive values ranged from 52.4% for CS5 (T2) to
94.3% for CS6 (T1), and accuracy ranged from 83.6% for CS4 (T2) to 94.9% for CS1 (T1).
Conclusions: Visual assessment of the CVM stages is accurate and repeatable to a satisfactory
level. About one in three cases remain misclassified; disagreement is generally limited to one stage

and is mostly seen in stages 4 and 5. (Angle Orthod. 2014;84:951-956.)
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INTRODUCTION

When dealing with skeletal disharmonies, the
precise identification of skeletal maturity, that is, the
growth phase, with particular regard to the onset of the
pubertal growth spurt, has major clinical implications in
terms of treatment efficacy and efficiency."? Several
indices have been proposed to identify the skeletal
maturation phases’** and among them is the cervical
vertebral maturation (CVM) method initially proposed
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by Lamparski.” The CVM method has been correlated
with both the statural and the mandibular growth
spurt,®® and even with levels of biomarkers of
growth.™®"

However, two previous investigations''® reported
that this methodology is not sufficiently repeatable to
be used alone in assessing skeletal maturation.
Moreover, even though raters participating in those
studies were experienced orthodontists, the repeat-
ability was reported to be only from low to good. In this
regard, the impact of dedicated sessions of training on
the repeatability of the CVM method has still to be
evaluated. To the best of our knowledge, a study on
the diagnostic accuracy, that is, agreement with a
reference standard, of the visual assessment of the
CVM stage is still lacking.

The present study was thus designed to address the
following questions: 11) Is the visual assessment of
the CVM stage accurate and repeatable? and (2) if
disagreement is seen, how is this structured among
the different stages? This study ultimately aims to
verify whether the CVM method may be proposed as a
reliable indicator of growth phase and used in routine
clinical practice.
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MATERIALS AND METHODS
Study Design

A total of 10 operators underwent training sessions
in visual assessment of CVM staging using a series of
cases analyzed cephalometrically (reference stan-
dard). Subsequently, they were asked to assign stage
in a different set of cases at baseline (T1) and again
after 4 weeks (T2). The outcomes of these sessions
were compared with the reference standard (objective
analysis) and for diagnostic accuracy.

This study included subjects who were seeking
orthodontic treatment and who had never been
treated. Signed informed consent was obtained from
the parents of the subjects before they were included
in the study, and the protocol was reviewed and
approved by the local Ethical Committee of the
University of Trieste. In particular, a lateral cephalo-
gram was taken at the first clinical examination as part
of the initial clinical recording. The following inclusion
criteria were applied: (1) age between 7 and 18 years,
(2) absence of anomalies of the vertebrae, (3) good
general health and an absence of any nutritional
problems, (4) no history of trauma at the cervical region
or right hand, and (5) Caucasian ethnicity. Patients with
lateral head films of low quality were excluded from the
study. An initial sample of more than 200 subjects was
screened to obtain a total of 132 subjects (73 girls and
59 boys) for the study. These 132 subjects were equally
divided into the six CVM stages according to the
cephalometric analysis. Within each CVM stage, 10
cases (total, 60 cases) were used for the training
sessions; the remaining 12 cases per CVM stage (total,
72 cases) were used for the diagnostic accuracy and
reproducibility part of the study. In particular, these 132
cases were selected according to the outcome of the
cephalometric analysis (reference standard, see the
section that follows). All the lateral cephalograms were
cropped to include cervical vertebrae C2 to C4 and to
eliminate any additional information.

Raters and Training Sessions

A total of 10 raters were equally derived from two
different universities involved in the study. Among
these raters were six postgraduate students, two
postdoctoral students, one assistant professor, and
one undergraduate student. None of the authors were
among the raters. An expert researcher in the CVM
method instructed the raters. Each rater, independent-
ly of his or her experience in orthodontics underwent at
least two training sessions in the CVM staging. In
particular, all the raters participated together at the first
session, where the series of 60 cases was used. After
a detailed explanation of the rules to be followed for
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assigning CVM stages, each rater had to assign a
stage to each of the traced cases visually and blinded.
The followed sequence was based on identification of
concavities at C2, C3, and C4 and, subsequently,
assignment of shapes of C3 and C4. After a first
assignment, the raters could see the superimposed
cervical tracings and the numeric data of the cepha-
lometric analysis. Any conflict was discussed immedi-
ately. At the end of this session, each rater had the
files with images and numeric data. After 4—6 weeks
the raters underwent a second training session within
either university under the supervision of two different
instructors, and training was considered successful
only if at least 75% of the cases were correctly
identified. Those raters failing to reach this result
underwent a further session of training 2 weeks later.

CVM Method

The most recent CVM method, as proposed by
Baccetti et al.,’ including six stages: two prepubertal
(stages 1 and 2), two pubertal (stages 3 and 4), and
two postpubertal (stages 5 and 6) was used. When
apparent disagreement was seen between the pres-
ence of concavities at the lower borders and the
shapes of the cervical vertebrae, the most mature
stage of either the concavities or shape was assigned.

Reference Standard (Objective Analysis)

A customized digitization regimen and analysis with
cephalometric software (Viewbox, version 3.0, dHAL
Software, Kifissia, Greece) was used for all cephalo-
grams examined in this study. This analysis included
measurements generated from 21 landmark markers,
with 11 derived linear variables (Figure 1). Among
these derived variables, three were for concavities of
lower borders of C2-C4 and eight related to the
anterior and posterior heights and upper and lower
widths for the C3 and C4. Herein the threshold of
1.0 mm' was used to assess the presence of
concavity. Similarly, assessment of the shape of the
vertebral bodies of C3 and C4 was defined according
to the height-width difference calculated with the
following formula: [(posterior height + anterior height)/
2] — [(upper width + lower width)/2]. Clustering was as
follows: values below —1.0 mm assessed a trapezoid
or rectangular horizontal shape, values between
—1.0 mm and +1.0 mm assessed a square shape,
and values above +1.0 mm assessed a rectangular
vertical shape. All cephalograms were traced by an
operator and checked for accuracy by a second
investigator. Full method error was quantified though
the method of moments variance estimator'® calculat-
ed on 20 pairs of recordings randomly selected and
expressed as mean (95% confidence interval [Cl]).
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Figure 1. Diagram of the cephalometric measurements with derived
linear variables. Only a vertebral body is shown for clarity. In cervical
vertebra 2, only concavity was measured.

Statistical Analysis

The percentages of agreement between each rater
and the reference standard (within each session) were
calculated, along with the percentages of intrarater
repeatability between the two sessions. To determine
the degree of agreement between each rater and the
reference standard (within each session), along with
the degree of repeatability between the two sessions
and within each rater, a weighted kappa coefficient
was used and presented as mean and 95% CI. This
kappa coefficient was weighted linearly as this makes
the coefficient less sensitive to the number of
categories or stages.™ The kappa coefficient ranges
from zero for no agreement to 1 for perfect agreement,
and the following standards for strength of agreement
for the kappa coefficient have proposed: 0.01-0.20,
slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61—
0.80, substantial; and >0.80 almost perfect.'

Within each session, interrater agreement was
assessed by the Kendall's W coefficient of concor-
dance. Moreover, the mean percentages of disagree-
ment one stage, two stage and three stage apart were
calculated according to each CVM stage for both
sessions. Within each CVM stage, a more compre-
hensive diagnostic performance analysis was per-
formed, including sensitivity, specificity, positive and
negative predictive values, and accuracy,' and pre-
sented as mean and 95% CI. Finally, when calculating
the overall means for these parameters, including the
weighted kappa values, the paired nature of that data
was taken into account.

SPSS software 13.0 (SPSS Inc, Chicago, ll),
MedCalc software 12.3.3.0 (MedCalc Software, Mar-
iakerke, Belgium), and Comprehensive Meta-Analysis,
version 2 (Biostat, Englewood, NJ) were used to
perform the statistical analyses. A P value <.05 was
used for rejection of the null hypothesis.
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Table 1. Percentages of Agreement with the Reference Standard
According to Recording Session (T1 and T2) and for Intrarater
Agreement Between the Recording Sessions for Each Rater

With Reference Standard

T T2 Intrarater T1-T2
Rater % (n) % (n) % (n)
1 77.8% (56) 75.0% (54) 83.3% (60)
2 81.9% (59) 79.2% (57) 84.7% (61)
3 72.9% (57) 73.6% (53) 86.1% (62)
4 77.8% (56) 81.9% (59) 95.8% (69)
5 80.6% (58) 76.4% (55) 83.3% (60)
6 48.6% (35) 61.1% (44) 80.6% (58)
7 44.4% (32) 38.9% (28) 52.8% (38)
8 58.3% (42) 62.5% (45) 62.5% (45)
9 62.5% (45) 68.1% (49) 65.3% (47)
10 70.8% (51) 66.7% (48) 75.0% (54)
Overall® 68.2% (49.1)  68.3% (49.2)  76.9% (55.4)

a Overall results presented as means of percentages (n) among
raters; n = 12 for each cervical vertebral maturation stage.

RESULTS

The final group of 72 subjects used for the
diagnostic accuracy and reproducibility analyses was
composed of 37 girls and 35 boys (mean age, 12.9 =
2.6 years; range, 7.3—17.9 years). The method error
for the cephalometric parameters as mean (95% CI)
were between 0.21 mm (0.10-0.36) and 0.26 mm
(0.12-0.43) for the concavities of C3 and C2,
respectively, and between 0.22 mm (0.11-0.37) and
0.49 mm (0.23-0.81) for the lower widths of C3 and
C4, respectively.

The percentage of full agreement between each
rater and the reference standard and within each rater
is summarized in Table 1. The full agreement with the
reference standard for each rater was generally similar
between the two recording sessions, with values
ranging from 38.9% to 81.9%. Intrarater agreements
ranged from 52.8% to 95.8%. The overall agreement
with the reference standard was about 68% for both
sessions and 76.9% for intrarater comparisons.

The weighted kappa coefficients between each rater
and the reference standard and within each rater are
summarized in Table 2. The kappa coefficients as
mean (95% CI) with the reference standard for each
rater was generally similar between the two recording
sessions, with values ranging from 0.52 (0.41-0.62) to
0.90 (0.84-0.95). The overall kappa coefficients of the
whole group of raters with the reference standard were
0.82 (0.77-0.88) and 0.81 (0.77-0.87) for the T1 and
T2 session, respectively, and 0.88 (0.84-0.93) for
intrarater repeatability.

The Kendall’'s W coefficients of concordance for
interrater agreement were 0.90 and 0.91 (P < .001) for
the T1 and T2 sessions, respectively. The percentages
of disagreement with the reference standard and for
the whole group of raters, according to each CVM
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Table 2. Weighted Kappa Coefficients for Interrater Agreement
with the Reference Standard According to Recording Session (T1
and T2) and for Intrarater Agreement Between the Recording
Sessions for Each Rater

With Reference Standard

PERINETTI, CAPRIOGLIO, CONTARDO

Table 3. Percentages of Cervical Stage Disagreement with the
Reference Standard According to Recording Session (T1 and T2) for
the Whole Group of Raters®

. With Reference Standard
Disagreement,
CVM No. of Stages T1 T2

T T2
Rater Mean (95% ClI) Mean (95% CI) Intrarater T1-T2
1 0.87 (0.80-0.93)  0.85 (0.78-0.92) 0.90 (0.84-0.96)
2 0.88 (0.52-0.95)  0.87 (0.80-0.93) 0.92 (0.87-0.97)
3 0.88 (0.82-0.94)  0.83 (0.76-0.91) 0.91 (0.86-0.97)
4 0.88 (0.82-0.94)  0.90 (0.84-0.95) 0.98 (0.95-0.99)
5 0.89 (0.83-0.94)  0.86 (0.80-0.93) 0.91 (0.85-0.96)
6 0.70 (0.63-0.78)  0.78 (0.71-0.85) 0.89 (0.84—0.95)
7 0.64 (0.54-0.74) 0.52 (0.41-0.62) 0.61 (0.50-0.71)
8 0.74 (0.65-0.82)  0.74 (0.64-0.84) 0.79 (0.73-0.86)
9 0.73 (0.63-0.82)  0.81 (0.74-0.88) 0.76 (0.68—0.85)
10 0.83 (0.76-0.90)  0.79 (0.71-0.87) 0.86 (0.79-0.92)
Overal®  0.82 (0.77-0.88)  0.81 (0.77-0.87) 0.88 (0.84-0.93)

a Overall results presented as means (95% Cl) among raters;
n = 12 for each cervical vertebral maturation stage.

stage, are summarized in Table 3. These disagree-
ments were generally similar between the two record-
ing sessions, with the CS1 and CS5 showing the
lowest and greater disagreements, respectively. More-
over, CS1 showed disagreements only one stage apart
(up to 1.5%), CS2 and CS3 showed disagreements up
to two stages apart (up to 3.8%, CS3, T1), and CS4 to
CS5 showed disagreements up to three stages apart
(up to 3.8%, CS4, T2).

The full diagnostic accuracy analysis for the whole
group of raters is summarized in Table 4. All the
diagnostic parameters were generally similar between
the two recording sessions. In particular, sensitivity
ranged from 50.0% for CS4 (T2) to 99.9% for CS1
(T2), specificity values ranged from 90.3% for CS4
(T2) to 98.9% for CS6 (T1), positive predictive values
ranged from 52.4% for CS4 (T2) to 94.3% for CS6
(T1), negative predictive values ranged from 99.9% for
CS1 (T2) to 90.0% for CS4 (T2), and accuracy ranged
from 83.6% for CS4 (T2) to 94.9% for CS1 (T1).

DISCUSSION

The present study analyzed the diagnostic accuracy
and repeatability of the CVM method in a heteroge-
neous group of 10 raters previously subjected to at
least two sessions of training.

In previous investigations'>'® each observer was
trained in the CVM method using only exact figures
and legends reported in literature.” However, descrip-
tive pictures were usually simplified versions of the full
range of possibilities, and this is not a substitute for
having expert instructors teach all the skills needed to
become confident with any procedure. Moreover,
these investigations did not assess whether the
operators’ training was successful.

Angle Orthodontist, Vol 84, No 6, 2014

Stage Apart Mean (Min-Max)  Mean (Min-Max)

1 1 1.5% (0-8.3) —
2 —_— J—
3 J— J—

2 1 28.0% (0-66.7) 26.5% (0-58.2)
2 0.8% (0-8.3) 1.5% (0-8.3)
3 J— J—

3 1 21.2% (0-58.3) 19.7% (0-50.0)
2 3.8% (0-16.7) 3.0% (—8.3)
3 —_— —_

4 1 28.8% (0-50.0) 26.5% (0-50.0)
2 14.4% (0-33.3) 15.2% (0-25.0)
3 0.8% (0-8.3) 3.8% (0-16.7)

5 1 34.1% (0-66.7) 33.3% (0-66.7)
2 6.8% (0-16.7) 5.3% (0-25.0)
3 1.5% (0-8.3) 0.8% (0-8.3)

6 1 27.3% (0-75.0) 29.5% (0-66.7)
2 3.8% (0-16.7) 5.3% (0-41.7)
3 0.8% (0-8.3) 1.5% (0—16.7)

Overall 1 23.5% 22.6%

2 4.9% 5.1%
3 0.5% 1.0%

a2 CVM indicates cervical vertebral maturation stage; Min, mini-
mum; Max, maximum; —, no cases.

® Overall results presented as means of percentages among CVM
stages; n = 12 for each CVM stage.

Because this is the first study evaluating the
diagnostic accuracy of the CVM method by using a
standard reference, comparisons with previous data
are not possible. An overall satisfactorily diagnostic
accuracy was seen in the present study, even though
difference in terms of percentages of agreement and
kappa values were seen between the raters from the
two centers at both clinical sessions. This may be
explained by the different degree of training in the
visual assignment of the CVM stage. Generally, the
raters yielding greater weighted kappa values were
from the university (raters 1 to 5, Tables 1 and 2) in
which relevant training in CVM staging is part of the
curriculum and where the research team has been
using this method for several years. A similar behavior
was seen for the intrarater repeatability. This reinforc-
es the concept that regular training is necessary to
obtain high diagnostic accuracy and intrarater repeat-
ability in the visual assignment of the CVM stages.

Because CVM staging is based on an ordinal scale
rather than being a dichotomous assessment, the
number of stages apart in case of disagreement is also
important. In the present study, most of the disagree-
ments were one stage apart (Table 3). Apart from the
percentages of agreement and kappa values, satis-
factory diagnostic accuracy was seen; accuracy values
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Table 4. Diagnostic Accuracy Parameters for Each Cervical
Vertebral Maturation (CVM) Stage According to Recording session

(T1 and T2) for the Whole Group of Raters?

With Reference Standard

CVM T1 T2
Stage® Parameter Mean (95% Cl) Mean (95% Cl)
1 Sensitivity 98.3% (91.3-100)  99.9% (99.8-100)
Specificity 94.2% (88.3-100)  93.7% (87.6-99.7)
PPV 78.3% (58.5-98.1)  79.1% (61.3-96.6)
NPV 99.6% (98.1-100)  99.9% (99.8-100)
Accuracy 94.9% (89.8-99.9) 94.7% (89.6-99.8)
2 Sensitivity 68.3% (43.4-93.3)  96.2% (45.0-93.4)
Specificity 93.3% (87.1-99.5)  94.2% (88.3—-100)
PPV 70.0% (47.8-92.1)  73.9% (52.1-95.7)
NPV 93.6% (87.5-99.8)  93.9% (88.0-99.9)
Accuracy 89.2% (82.1-96.2)  90.0% (83.2-96.8)
3 Sensitivity 72.5% (50.4-94.6) 75.0% (52.6-97.4)
Specificity 92.7% (86.2-99.1)  93.5% (87.4-99.6)
PPV 67.4% (44.4-90.5)  71.7% (48.5-94.9)
NPV 94.5% (88.8-100)  95.0% (89.6—100)
Accuracy 89.3% (82.3-96.3)  90.4% (83.7-97.1)
4 Sensitivity 51.7% (24.2-79.1)  50.0% (22.4-77.6)
Specificity 90.7% (83.4-97.9)  90.3% (82.9-97.8)
PPV 54.4% (26.9-81.9) 52.4% (24.8-80.0)
NPV 90.4% (82.9-97.8)  90.0% (82.5-97.6)
Accuracy 84.2% (75.8-92.5)  83.6% (75.1-92.1)
5 Sensitivity 53.3% (28.6-78.1)  55.8% (30.1-81.5)
Specificity 92.0% (85.2-98.8)  91.5% (84.5-98.5)
PPV 56.4% (30.3-82.6) 56.5% (28.7-84.3)
NPV 90.9% (83.7-98.0)  91.3% (84.3-98.3)
Accuracy 85.6% (77.6-93.5) 85.6% (77.5-93.6)
6 Sensitivity 65.0% (40.8-89.2)  60.0% (35.7-84.3)
Specificity 98.9% (96.4-100)  98.8% (96.1-100)
PPV 94.3% (81.7-100)  92.1% (74.4-100)
NPV 93.6% (87.6-99.5) 92.7% (86.5-99.0)
Accuracy 93.3% (87.6-99.0) 92.3% (86.3-98.4)

a CVM indicates cervical vertebral maturation; PPV, positive

predictive value; NPV, negative predictive value.

® For each CVM stage, n = 12.

were above 83.6% for each CVM stage (Table 4).
However, when dealing with several possible clusters
(ie, six CVM stages), important diagnostic parameters
are the sensitivity (when CVM stages are equally
distributed) and positive predictive value; these indi-
cate a given rater’s capability in identifying any CVM
stage, irrespective of the number of true negative
cases belonging to the other stages. The least
satisfactory diagnostic accuracy was seen for the
CVM stages 4 and 5, where the greatest sensitivity
was low as 55.8% (stage 5, T2) and positive predictive
values were as low as 52.4% (stage 4, T2). The fine
morphologic transitions between two following stages
may be behind such evidence. This is particularly true
of the visual assessment of the shape of a vertebral
body. Interestingly, CVM stage 4 is based on both
initial concavity on C4 and initial appearance of a
square shape on either C3 or C4. Previous evidence
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showed that intrarater repeatability was much lower in
assessing the shape of the bodies of C3 and C4
compared with that obtained in assessing the concav-
ities of C2—-C4."®

When considering intrarater repeatability between
the two sessions, the overall percentage of agreement
was 76.9% (Table 1). Previous studies using CVM
methods, although not focused on repeatability,
reported very high percentages of agreement®'®. On
the contrary, in the previous study of CVM method
repeatability,’* an average of 62% was reported. The
reason for the high agreements seen in most studies
has been explained by the use of third-person tracings
to stage the lateral cephalograms, or because the
authors of these studies were also raters themselves.'

Clinical Implications

According to the present results, the visual assess-
ment of the CVM stages appears to be accurate and
repeatable as long as training is followed. This accuracy
appears independent of the rater's own experience in
orthodontics. However, assessment of CVM stages 4
and 5 requires more careful evaluation to avoid
unreliable diagnosis and treatment plans. Any case in
which CVM stage 4 is misclassified as stage 5, or vice
versa, may thus miss the opportunity for proper
treatment. Therefore, when the visual assessment of
the CVM staging is uncertain (especially for stages 4
and 5), a cephalometric analysis or the use of a further
morphologic indicator may be indicated.

CONCLUSIONS

« When specific training is provided along with precise
guidelines in assessing visually each stage, the CVM
method proves to be accurate and repeatable to a
satisfactory level

« About one of three patients remain misclassified,
though disagreement is generally only one stage
apart and is mostly seen in stages 4 and 5.
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