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Abstract

Objective: To evaluate the role of hand-wrist radiographs (HWRs) in the assessment
of growth and development based on the cervical vertebral maturation (CVM)
method and to determine whether clinical experience levels would affect the
decision-making process.

Materials and Methods: The lateral cephalometric radiographs and HWRs of
48 patients aged 11 to 16 years were assessed in this study. The clinicians first
determined the growth stage by the CVM method based on lateral cephalometric
images (T1). Then, the clinicians filled out the same questionnaire with HWRs on
each question (T2). Subsequently, the clinicians were divided into groups according
to their experience levels. Intraclass correlation coefficients were calculated to
evaluate intraobserver agreements. The data were analyzed with chi-square or
Fisher-Freeman-Halton Exact tests for intergroup comparisons.

Results: For all evaluators, the percentage of agreement changed minimally after
T2. The most experienced clinicians demonstrated the most consistent decisions for
overall CVM stages at both evaluations. Concerning each stage, the percentages of
changed decisions showed no significant differences between the groups except
for stages CS4 and CS5. There were significant differences between the rates of
agreement for CS3 in each group from T1 to T2 (p<0.05).

Conclusion: The level of orthodontic experience affects the decision-making
process. The presence of HWRs provided no advantage in the assessment of CVM.

0z

Amag: Calismanin amaci el-bilek radyografilerinin servikal vertebral maturasyon
(SVM) yontemine dayali biiyiime ve gelisimin degerlendirilmesindeki roliini
degerlendirmek ve klinik deneyim diizeyinin karar verme sirecine etkisi olup
olmadigini belirlemektir.

Gereg ve Yontemler: Calismamizda 11 ila 16 yaslari arasindaki 48 hastanin lateral
sefalometrik ve el-bilek radyografileri degerlendirildi. Klinisyenler ilk olarak lateral
sefalometrik goriintiilere (T1) dayali olarak SVM yontemi ile biyiime evresini
belirlediler. Daha sonra ayni anketi, lateral sefalometrik goriintllerin her birini
el-bilek radyografileri ile degerlendirerek doldurdular (T2). Anketin sonunda
klinisyenler deneyim diizeylerine gore gruplara ayrildi. Gozlemci i¢i givenilirligi
degerlendirmek icin sinif ici korelasyon katsayilari hesaplandi. Verilerin gruplar
arasi karsilastirmalari icin ki-kare ve Fisher-Freeman-Halton testleri kullanildi.
Bulgular: Tiim degerlendiriciler i¢in uyum ylizdesi T2'den sonra minimum diizeyde
degisti. En deneyimli klinisyenler, her iki degerlendirmede de toplamda SVM
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asamalari icin en tutarl kararlari gosterdiler. CS4 ve CS5 haricindeki diger asamalar icin degisen kararlarin yiizdeleri gruplar arasinda
énemli bir farklilik gostermedi. T1'den T2'ye her grupta CS3 i¢in uyum oranlari arasinda 6nemli farkliliklar gozlendi (p<0,05).
Sonug: Ortodontik deneyim diizeyinin karar verme siireci Uzerinde etkisi vardir. El-bilek radyografilerin varligi SVM'nin

degerlendirilmesinde avantaj saglamamistir.

Introduction

In orthodontic practice, the determination and
prediction of growth and development (G&D) is crucial
for many treatment protocols. Various methods
exist for assessing the maturation stage, such as
chronological age, height and weight increases, sexual
characteristics, dental development, and skeletal
age (1). Clinicians generally prefer the hand-wrist
radiograph (HWR) and cervical vertebral maturation
(CVM) methods, which provide more accurate data
for the assessment of skeletal maturation (2,3).

In a systematic review and meta-analysis, the CVM
method has been demonstrated to be an alternative to
HWR for predicting the pubertal growth acceleration
period (4). The CVM method has also been stated as
reliable and reproducible (5,6). In many studies, a
significant correlation has been found between the
maturations of cervical vertebrae and hand-wrist
bones (1,4,7-9). On the other hand, many researchers
have demonstrated that the CVM method is affected
by serious methodological issues (8,10,11). Predko-
Engel etal. (10) reported that the reliability of the CVM
method is questionable. Additionally, Perinetti et al.
(11) stated that the CVM stages did not exactly reflect
mandibular growth. For this reason, the researchers
recommended accounting for additional biological
indicators of whether orthodontic treatment should
be started during the maximum growth period (10-
12). Considering this evidence, the determination of
G&D by HWR can be accepted as the gold standard
(9).

The quality of images, training, experience, and
various assessments have been shown to be among
the reasons for the poor reliability of the CVM method
(13-15). Perinetti et al. (13) concluded that the visual
assessment can be accurate and repeatable after
training. Rongo et al. (14) reported that clinicians with
lower experience levels showed the best results for the
reproducibility of the CVM method. Khajah et al. (15)
concluded that the highest agreement in CVM staging
was obtained on 2D-digital lateral cephalograms with
training.

However, no study to date has examined whether
the determination of G&D with the CVM method
would change when an HWR is included and whether
the outcome is affected by the experience level.
Therefore, the first aim of this study was to investigate
whether HWR is necessary. The second aim was
to examine whether assessments are affected by
clinical experience. The null hypothesis tested was
that there is no significant effect of either HWRs or
clinical experience on the decision-making process for
determining CVM stages.

Materials and Methods

This study was approved by the Ethics Committee
of Pamukkale University Faculty of Medicim (decision
number: 12, date: 02.07.2019). The study population
was composed of clinicians registered to the Turkish
Orthodontic Society. The power analysis (G* Power
Ver.3.1.9.2, Kiel, Germany) showed that 34 individuals
provided a power of 82% at an alpha error probability
of 0.05 and a 0.435 effect size based on a previous
study (14).

The subjects participated in this study via e-mailed
qguestionnaires. This was a two-phase questionnaire
study. Forthe questionnaires, the lateral cephalograms
and HWRs of 48 patients (24 female and 24 male)
were randomly selected according to the following
criteria: chronological age (range: 11-16 years), no
malformations in any vertebrae or hand-wrist bones,
and high-quality radiographs. The informed consent
was obtained from the patients for the use of their
records. During the selection of cephalograms, those
without clear and visible vertebrae were excluded
from the study. All lateral cephalogram images were
identified in terms of gender and cropped to include
only the C2-C4 vertebrae to eliminate any additional
information.

During the first evaluation, the participants were
asked to determine the skeletal maturation with the
CVM method on 50 lateral cephalometric images and
with the addition of HWRs in the second evaluation.
Before assessments, the participants were informed
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about the CVM method introduced by Baccetti et al.
(3). The second questionnaire link was deactivated
after two months. The participants were divided
into three groups according to their experience level
following the completion of the questionnaires.

- Group 1: Clinicians with experience of two years
or fewer.

- Group 2: Clinicians with experience of two to four
years.

- Group 3: Clinicians with experience of five years
or more.

Anobjectiveanalysis of CVM stages was determined
by an independent observer (B.K.A) according to the
hard copy of the schematic representation of the
CVM method and the two samples of each stage in
Baccetti’s original article (3).

Statistical Analysis

The data were statistically analyzed using SPSS
version 23.0 (IBM Corp., Armonk, NY, USA). The
Shapiro-Wilk test was used to test normality. Chi-
square or Fisher-Freeman-Halton Exact tests were
used for comparison between independent variables.
The intraclass correlation coefficient (ICC) was used
to assess intraobserver reliability. All tests were
performed with a significance level of p<0.05.

Results

The first and second questionnaires were fully
answered by 60 and 55 clinicians, respectively. A total
of 34 clinicians completed both questionnaires. The
demographic characteristics are shown in Table 1. The
clinicians with experience of two years or fewer were
significantly younger than the others.

There were 1632 assessments from all participants.
The records of two patients were used to determine
intraobserver reliability. ICC values ranged from 0.80
to 0.86, which demonstrated good intraobserver
reliability (Table 2).

Irrespective of experience level, there were 741
(45%) agreements and 891 (55%) disagreements

compared with the reference standard at T1 and 791
(48%) agreements and 841 (52%) disagreements at T2
(Figure 1). The percentage of CVM stage agreement
increased from 42% to 45% in Group 1, from 44.5% to
48.5% in Group 2, and from 49.5% to 51.6% in Group
3 (Figure 2).

The distributions of the agreements regarding
CVM stages for the different groups are shown in Table
3. There were no significant differences among the
groups in terms of CS1, CS2, CS3, and CS6 agreement
at T1 and T2. However, there were significant
differences for CS4 among groups at T1 (p=0.001).
Additionally, CS5 agreements showed significant
differences among groups at T1 and T2 (p<0.05).

For CS4, group 2’s percentage of agreement
(36.4%) was significantly lower than those of group 1
(51.2%) and group 3 (59.8%) at T1 (p=0.001). For CSS5,
the group 1’s percentage of agreement (27.3%) was
significantly lower than that of group 3 (48.8%) at T1
(p=0.019). Group 1’s percentage of agreement (26.0%)
was also significantly lower than groups 2 (54.5%)
and 3 (48.8%) at T2 (p=0.001). For total percentage
of agreement, group 1 (42.0%) was significantly lower
than group 3 (49.5%) at T1 (p=0.04).

Intragroup evaluation showed that there were
significant differences for CS3 in each group and for
CS4 and CS6 agreements in group 3 from T1 to T2
(p<0.05). For CS3, the percentage of agreements
increased significantly, from 28.0% to 44.8% in group
1, 37.8% to 50.3% in group 2, and 31.4% to 46.7% in
group 3, from T1 to T2. The agreements in group 3 for
CS4 decreased significantly from T1 to T2 (59.8% to

| Table 2. ICC values for intraobserver reliability |

Group 1 0.866 0.628-0.961
Group 2 0.813 0.481-0.945
Group 3 0.801 0.475-0.938
Total 0.858 0.750-0.924
ICC: Intraclass correlation coefficients

| Table 1. The demographic characteristics

Group 1 7 (63.6) 4 (36. 4) 27.45%3.503°

Group 2 11 3(27.3) 8(72.7) 0.225 33.3614.843° 0.001"
Group 3 12 6 (50.0) 6 (50.0) 36.7516.369°

“Chi-square test, “"One Way ANOVA. **Same letters showed no significant differences between groups
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T1 (only cephalometric images) T2 (cephalometric images+hand-wrist)

Agreements  # Disagreements

Figure 1. Frequency of observers’ total agreement and
disagreement at two time points

70

60

-~ Agreement

# Disagreement

|
:

Figure 2. Frequency of groups’ agreement and disagreement
at two time points

40.2%) while increasing (44.4% to 80.6%) for CS6.

Tl T2 T1 T2 T1
Group 1 Group 2 Group 3

Discussion

Over the years, the CVM method has become the
most widely used G&D assessment among clinicians,
although HWR is accepted as the gold standard
(9,10). This study evaluated the influence of the
hand-wrist method on the decision-making process
for determining CVM stages. In the first questionnaire
(T1), clinicians evaluated the CVM stage without
HWR. In the second evaluation (T2), the same lateral
cephalometric images were presented, but with the
addition of HWRs, for assessing the CVM stage.

The participants evaluated the skeletal maturation
on cropped images that contained only the C2-
C4 vertebrae in order to eliminate any additional
information, such as dentition stage, that could cause
method bias among observers. Moreover, the lateral
cephalometric images were presented in a random
order in the questionnaire to avoid bias.

Our findings showed that the reliability of
observers’ individual answers demonstrated good
agreement. Irrespective of experience levels, about
45% agreement was found for overall stages in
the absence of HWRs. However, the percentage of
disagreement among clinicians was still almost 50%
after the second evaluation. Because training has a
major effect on clinicians’ accuracy in determining the
curvature and shape of vertebrae (15). Therefore, it
was inevitable that we would obtain a lower overall
level of agreement from the untrained participants,
unlike previous studies (16,17).

The clinicians with experience of more than five
years had the most consistent decisions (49.5%) at
T1 for overall stages. During the first evaluation, they
also presented all vertebral stages, except for CS3 and
CS6, with the most consistent decisions. These stages
were more correctly scored by clinicians with two to
four years of experience. In addition, the agreement
level for CS2 and CS5 at T1 increased with experience.
However, the distributions of total agreements were
changed minimally in the presence of HWRs.

When experience level was taken into account, the
overalllevel of agreementamongtheleastexperienced
clinicians was significantly lower than that of the most
experienced clinicians at T1. A reasonable explanation
was that experience level might have an impact on the
decision process. This finding raised the question of
whether different stages would yield different results.
However, no pronounced agreement differences
were found among the groups in assessing stages 1,
2,3 and 6 at T1 or T2. Therefore, in both evaluations,
clinical experience had no major influence on CVM
determination for all stages, except for stages 4 and 5.

For the T1 evaluation, the clinicians with two
to four years of experience showed significantly
fewer agreements in terms of CS4 compared
with the others. For CS5, the least experienced
clinicians showed a significantly lower percentage
of agreement than the most experienced clinicians.
Nevertheless, the addition of HWR in T2 had no
positive effect on the level of agreement. Unlike
CS4, the clinicians with two to four years’ experience
showed an increased percentage of agreements, and
no significant differences were determined between
the moderately and most experienced clinicians’
decisions. At this point of the study, it was difficult
to explain the differences between CS4 and CS5 in
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Table 3. Distribution and comparison of groups’ agreement and disagrement according to different cervical vertebra
stages
Agree (%) Disagree (%) Agree (%) Disagree (%) | Agree (%) Disagree (%)

T1 69.7 30.3 66.7 333 77.8 22.2 0.569
Cs1 T2 57.6 42.4 45.5 54.5 69.4 30.6 0.131

p 0.306 0.083 0.422

T1 51.2 48.8 52.9 47.1 54.5 45.5 0.871
CS2 T2 57.0 43.0 51.2 48.8 57.6 42.4 0.541

p 0.367 0.797 0.620

T1 28.0 72.0 37.8 62.2 314 68.6 0.199
cs3 T2 44.8 55.2 50.3 49.7 46.7 53.3 0.631

p 0.003" 0.032" 0.005"

T1 51.2° 48.8 36.4° 63.6 59.8° 40.2 0.001"
Ccs4 T2 40.5 59.5 38.0 62.0 40.2 59.8 0.912

p 0.094 0.790 0.001"

T1 27.3° 72.7 40.320 59.7 48.8° 51.2 0.019"
CS5 T2 26.0° 74.0 54.5° 45.5 48.8° 51.2 0.001"

p 0.855 0.076 1.000

T1 42.4 57.6 60.6 39.4 44.4 55.6 0.266
CSé6 T2 57.6 42.4 57.6 42.4 80.6 19.4 0.065

p 0.218 0.802 0.002"

T1 42.0° 58.0 44,525 55.5 49.5° 50.5 0.04"
Total T2 45.5 54.5 48.5 51.5 51.6 48.4 0.128

p 0.264 0.195 0.479
*p<0.05. **The same letters show no significant differences between groups at T1 and T2

the moderately experienced group. Perinetti et al.
(13) found that disagreement was seen mostly in
stages 4 and 5 in terms of diagnostic accuracy and
repeatability among raters with different experience
levels. As demonstrated, the evaluations should be
carefully made to avoid unreliable decision-making
processes, and other developmental indicators
should be evaluated when the visual assessment of
the CVM staging is uncertain, especially for stages
4 and 5. In line with this finding, Perinetti et al. (11)
concluded that the CVM method may be helpful only
when a lateral head film is indicated for other reasons
and in combination with other indicators to increase
diagnostic reliability.

According to our results, the most disagreements
were found among the least experienced clinicians
for CS5. The clinicians with between two and four
years of experience had the highest disagreement
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frequency for CS4 at both T1 and T2. On the other
hand, the most experienced clinicians showed the
highest disagreement rate for CS3 at T1. For these
participants, determining CS3 was the most difficult
of all the evaluations. In such cases, Cunha et al. (6)
recommended adding the HWRS as a way to mitigate
any doubt and to help confirm the treatment timing
relative to the pubertal growth spurt. Supporting
this view, significant improvements in the level of
agreement were found in each group when assessing
the CVM with HWRs in terms of CS3. Although the
percentages of agreement increased in each group,
the overall agreement was still about 50%. This
meant that clinicians had difficulty agreeing with
the determination of the maximum growth period
even with the addition of the hand-wrist method.
As stated by Gabriel et al. (16) the CVM method
can be used only to support the observations of
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clinicians in making clinical decisions. On the other
hand, significant disagreements appeared in terms
of CS4, which can be explained by the evaluation of
maturation by the most experienced clinicians with
the help of cephalometric film, and confusion may
have arisen due to their rarely using hand-wrist films.
The difficulty in classifying the vertebral bodies of C3
and C4 as trapezoidal, rectangular horizontal, square,
or rectangular vertical may lead to its inadequacy as
a strict clinical guideline for the timing of orthodontic
treatment (18). In another study, Khanum et al. (17)
stated that more careful assessment of CVM stages
5 and 6 should be done in order to avoid unreliable
diagnoses. Although McNamara and Franchi (19)
reported that the most difficult stage to determine
was CS6, the most experienced clinicians showed
significantly increased agreement when assessing the
CVM in the presence of hand-wrist films during this
study. This finding revealed that these participants
correctly measured the length of the posterior and
inferior borders of the cervical vertebrae when using
visual assessment. Based on the findings of this study,
the null hypothesis was partially rejected. Additionally,
it is obvious that further studies with larger sample
sizes are necessary to gain a better understanding of
the effects of HWRs on clinicians’ decision-making
processes.

Conclusion

The HWRs had minimal effects on the
determination of the CVM stage. The orthodontic
experience of clinicians had an effect on the decision-
making process.
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