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Adolescent idiopathic scoliosis (AIS) is defined as 
more than 10° curvature in spine in the coronal 
plane and particularly manifests during early 
adolescence.[1] The initial diagnosis is typically made 
between 10 and 16 years of age, with a reported 
prevalence of 1 to 3% in this population.[2] Due 
to dynamic nature of AIS, recognition of skeletal 
growth potential is crucial to predict which cases 
are likely to progress. Rapid osteochondral growth 
accelerates progression of deformities, eventually 
causing symptoms.[3,4]

The estimation of remaining growth velocity 
remains as the cornerstone for an individualized 
treatment plan. Despite conservative treatment 
achieving the success rates up to 75%, accurate 
estimation of growth potential is critical for both, 

Objectives: This study aims to evaluate the reliability of 
cervical vertebral maturation (CVM) staging in determining 
skeletal maturity in patients with adolescent idiopathic scoliosis 
(AIS), focusing on the effect of professional experience among 
orthopedic surgeons.
Patients and methods: Between January 2023 and 
January 2025, this reliability and agreement study included a 
total of 72 patients aged between nine and 16 years who were 
diagnosed with AIS. Intra- and inter-rater reliability were 
analyzed using weighted kappa (κ) statistics with standard errors 
(SEs) and 95% confidence intervals (CIs). A total of 72 full-spine 
lateral radiographs were independently assessed by 10 raters 
with varying levels of orthopedic expertise, including medical 
students, residents, consultants, and spinal surgeons. None of the 
raters had prior experience with the CVM classification. Each 
rater performed CVM staging twice with a four-week interval 
between assessments.
Results: Of the patients, 33 were male and 39 were female 
with a mean age of 13.07 ± 1.97 (range, 9 to 16) years. 
Overall intra-rater reliability was substantial (κ = 0.64, 
SE = 0.032, 95% CI: 0.569-0.714), and overall inter-rater 
reliability was moderate (κ = 0.52). Although spinal 
surgeons showed slightly higher intra-rater reliability 
overall, inter-rater reliability declined between assessments 
(first assessment κ = 0.61 vs. second assessment κ = 0.34). 
Consultants exhibited the highest inter-rater agreement 
(κ = 0.62), whereas residents showed improvement between 
assessments (κ = 0.40 vs. 0.52); however, no significant 
difference observed between groups.
Conclusion: The reliability of CVM staging for assessing skeletal 
maturity in AIS patients does not significantly differ across levels 
of orthopedic expertise. While CVM staging has potential as 
a radiation-sparing method, the overall moderate agreement, 
particularly among physicians without prior experience, indicates 
that reliability is not significantly influenced by professional 
experience.
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for opting between surgical and non-surgical 
management, and for optimizing the timing and 
treatment modality.[5] Chronological age alone is an 
insufficient indicator due to wide inter-individual 
variation in biological growth, highlighting the 
importance of reliable radiological parameters.[6,7]

Several methods have been established to 
assess the skeletal maturity in patients with AIS, 
including Greulich-Pyle and Tanner-Whitehouse 
methods utilize wrist radiographs evaluated 
by atlas comparison; the Risser sign references 
iliac apophysis growth, distal radius and ulna 
classification stages the ossification centers, and 
the epiphyseal to metaphyseal ratio of the proximal 
tibia assesses physeal development. All these 
approaches require additional imaging, thereby 
exposing patients to radiation.[8-10] Later, the cervical 
vertebral maturation (CVM) method introduced by 
Lamparski[11] and further refined by Bacetti et al.[12] 
demonstrated its importance in orthodontics for 
optimizing treatment timing.[13] The CVM method 
is based on predictable chronological changes of 
the cervical vertebrae morphology; wherein the 
flat inferior border of C2 in the prepubertal stage 
becomes progressively concave over time. Similarly, 
the vertebral bodies of C3 and C4 are typically 
trapezoidal in the prepubertal stage; with growth, 
they transform into a rectangular shape with concave 
inferior borders, gradually increases in height to 
adopt a square appearance, and finally evolves 
into a vertical rectangle. These developmental 
transformations can be staged into six subgroups, 
providing a structural framework for assessing 
skeletal maturity. In patients with AIS, CVM 
offers a practical advantage, wherein the skeletal 
maturity can be assessed using whole-spine lateral 
radiographs that are already obtained for diagnostic 
purposes, thereby avoiding further radiation 
exposure. Ronkers et al.[14] reported that a scoliosis 
patient was exposed to an average of 22.9 X-rays 
during treatment which led to a significantly higher 
rate of chest neoplasia. Thus, CVM may be a viable 
radiation-free alternative to other methods for 
assessing skeletal maturity.

On the other hand, the utility of CVM in practice 
depends on its reliability. A valid classification 
tool must not only reflect actual growth rate but 
also be highly reproducible. In clinical settings, 
intra- and inter-rater agreement are crucial, as they 
guide and potentially alter clinical decisions. Recent 
literature has raised concerns regarding the limited 
reliability of CVM as a skeletal maturity index.[15-17] 
However, many studies suffer from methodological 

limitations, particularly in assessing reproducibility 
and diagnostic accuracy.[18] The reported reliability of 
CVM is variable, and its dependence on professional 
expertise has not been investigated.

In the present study, we hypothesized that 
professional experience could have minimal impact 
on reliability of the classification, particularly 
among the raters without prior exposure or routine 
use of the method. We, therefore, aimed to measure 
the reliability of the CVM method as a tool for 
evaluating skeletal maturity in patients with 
AIS, with particular emphasis on the influence of 
professional experience in the field.

PATIENTS AND METHODS

This reliability and agreement study was 
conducted at Acıbadem Mehmet Ali Aydınlar 
University, Department of Orthopedics and 
Traumatology between January 2023 and January 
2025. Patients aged between nine and 16 years 
who were diagnosed with AIS were included. 
Inclusion criteria were as follows: diagnosis of AIS 
with cobb angle more than 10° and proper view 
of anteroposterior (AP) and lateral whole spine 
X-ray in standing position. Patients with a previous 
history of spinal and pelvic surgery, those with 
concomitant growth-related disorder, those with 
a history of infection, trauma or tumor, and 
improperly acquired cervical images were excluded 
from the study. Among 300 images, consecutive 
radiographs were screened sequentially until 
the predetermined sample size was reached. A 
total of 82 were identified as candidates. Of these, 
10 were subsequently excluded based on predefined 
exclusion criteria (n = 2 previous spinal surgery, 
n = 7 inadequate quality of diagnostic imaging, and 
n = 1 receiving treatment due to precocious puberty) 
(Figure 1). In total, 72 blinded full-spine lateral 
radiographs were evaluated by 10 independent 
raters with varying levels of expertise, none of 
whom had prior experience with CVM staging. In 
accordance with Obuchowski[19] recommendation 
that at least 10 raters are required to ensure a 
reliable assessment, the specifications of raters in 
this study are summarized in Table I.

Radiological data were retrieved from the 
institutional Picture Archiving and Communication 
Systems (PACS) system. All personal data were 
anonymized while importing radiographs to protect 
the participants’ privacy and confidentiality. 
No personal information was disclosed, and all 
digital data used in this study. A written informed 
consent was obtained from the parents and/or 
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legal guardians of the patients for all diagnostic 
and therapeutic procedures. The study protocol 
was approved by the Acıbadem Mehmet Ali 
Aydınlar University Institutional Review Board 
(Date: 26.06.2025, No.: 2025-10/401). The study 
was conducted in accordance with the principles 
of the Declaration of Helsinki. The Guidelines 
for Reporting Reliability and Agreement Studies 
(GRRAS) were followed.

A blinded researcher who conducted literature 
research and designed the study also prepared a 
PowerPoint (Microsoft® Redmond, WA, USA) slide 
consisting of whole spine X-rays and cropped 
lateral cervical images of the patients. To avoid bias 
and reliability inflation, this researcher did not 

participate in evaluations. Prior to classification, 
all raters were given the CVM method user 
guide by McNamara from key reference article 
and were given sufficient time to independently 
review the distinguishing morphological features 
of each cervical stage, until they felt confident in 
differentiating between stages.[20,21] No additional 
workshops or calibration sessions were conducted 
to improve classification skills, as the study was 
intentionally designed to simulate realistic clinical 
settings in which clinicians encounter a method 
in literature, review the related article, and apply 
it independently in practice. This eliminated the 
influence of prior familiarity with the method and 
isolated the effect of professional experience on 
reliability of the classification system. Subsequently, 

TABLE I
Demographic and professional characteristics of the raters who participated in the study

Rater group Rater ID Experience years Prior experience for CVM Independent assessment

Medical students R-1, R-2 0 None Yes

Residents R-3, R-4 2-4 in residency None Yes

Consultants R-5, R-6 < 3 None Yes

Senior consultants R-7, R-8 5-7 None Yes

Spinal surgeons R-9, R-10 ≥ 15 None Yes

CVM, cervical vertebral maturation.

Radiograph selection and inclusion flowchart

Records identified from database (n = 300)

Age outside study range (n = 145)

Radiographs assessed for eligibility (n = 155)

Cobb angle < 10° (n = 73)

Previous spinal surgery (n = 2)

Radiographs assessed for eligibility (n = 82)

Radiographs assessed for eligibility (n = 75)

Radiographs assessed for eligibility (n = 73)

Radiographs included for classification (n = 72)
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Inadequate image quality (n = 7)

Growth-related disorder (precocious puberty) (n = 1)

FIGURE 1. Study flowchart.
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staging was conducted by examining the sequential 
morphological alterations of the C2, C3, and C4 
vertebrae, including evaluation of inferior border 
concavity and the transformation of vertebral 
body shape, in accordance with the provided user 
guide and the assigned CVM stages were recorded 
(Figure 2). After a four-week interval, slides were 
shuffled using the RANDOM function in Excel 
(Microsoft®, Redmond, WA, USA), and the grading 
process was repeated.

Statistical analysis

Statistical analysis was performed using the 
R software version 4.5.1 software (R Foundation, 
Vienna, Austria). Descriptive data were expressed 
in mean ± standard deviation (SD), median (min-
max) or number and frequency, where applicable.

Sample size determination was based on reliability 
specific methodology rather than conventional 
hypothesis testing power analysis. According to the 
simulation-based recommendations of Cicchetti,[22] 
for an ordinal classification system with k categories, 

the minimum required sample size for valid 
weighted kappa (κ) analysis is approximately 2k². 
Therefore, for a six-category classification system, a 
minimum of 72 cases is required, and accordingly 
72 radiographs were included in the present study. 
Weighted Cohen’s κ values (linear) were calculated 
to assess intra-rater reliability. Inter-rater reliability 
was assessed via weighted κ values (linear), and 
average values were calculated by rater pairs 
(Light’s κ approach). Kappa values less than 0.20 
indicated slight agreement; 0.21-0.40, fair; 0.41-0.60, 
moderate; 0.61-0.80, substantial; and greater than 
0.80, very good agreement.[23] Kappa coefficients 
were compared across professional experience 
groups using the Kruskal-Wallis test. A p value of 
< 0.05 was considered statistically significant with 
95% confidence interval (CI).

RESULTS

Of the patients, 33 were male and 39 were female 
with a mean age of 13.07 ± 1.97 (range, 9 to 16) years.
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FIGURE 2. A visual diagram of the chronological morphological changes of the C2, C3, and C4 vertebrae used for cervical 
vertebral maturation staging. Inferior border morphology (straight versus concave) and vertebral body shape transformation 
(trapezoid, horizontal rectangle, square, and vertical rectangle) are demonstrated. Different colors are employed to represent 
different structural characteristics.
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Intra-rater reliability

Raters demonstrated overall substantial 
agreement with a weighted linear κ of 0.64 
(standard error [SE] = 0.03, 95% CI: 0.57-0.71). 
Individual intra-rater κ values were as follows: R-1 
(medical student) = 0.58, R-2 (medical student) = 
0.72, R-3 (resident) = 0.64, R-4 (resident) = 0.48, R-5 
(consultant) = 0.72, R-6 (consultant) = 0.64, R-7 (senior 
consultant) = 0.81, R-8 (senior consultant) = 0.50, R-9 
(spinal surgeon) = 0.69, and R-10 (spinal surgeon) 
= 0.64 (Figure 3). When averaged within each 
experience group, mean intra-rater κ values were 
0.65 for medical students, 0.56 for residents, 0.68 
for consultants, 0.66 for senior consultants, and 
0.66 for spinal surgeons, indicating that consultants 
achieved the highest intra-rater κ values, whereas 

residents showed the lowest between their two 
assessments (Figure 4). The Kruskal-Wallis test 
comparing the distribution of κ coefficients across 
the five professional experience groups revealed no 
statistically significant differences across levels of 
professional expertise (p = 0.60).

Inter-rater reliability

The overall inter-rater reliability was moderate 
(κ = 0.52), with a mean κ value of 0.51 for the 
first assessment and 0.52 for the second. At the 
group level, consultants (R-5 vs. R-6) showed the 
highest agreement (κ = 0.63 at the first assessment 
and κ = 0.59 at the second), followed by medical 
students (R-1 vs. R-2: κ = 0.58 and 0.60). Residents 
(R-3 vs. R-4) showed the lowest agreement at the 
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FIGURE 3. Intra-rater reliability per observer, expressed as 
linear weighted kappa (κ) values. Each bar represents an 
individual rater (Obs1-Obs10), with the dotted line indicating 
the overall mean intra-rater reliability (κ = 0.64).
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first assessment but improved markedly by the 
second round (κ = 0.40 → 0.52). Spinal surgeons 
(R-9 vs. R-10) had the second-highest agreement 
among all groups at the first assessment (κ = 0.62) 
but displayed a marked drop by the second (κ = 0.34). 
The Kruskal-Wallis test showed no statistically 
significant difference across groups (p = 0.49) 
(Figure 5).

DISCUSSION

In the present study, we evaluated the reliability 
of CVM staging in determining skeletal maturity 
in patients with AIS. The main finding of 
the study was that the overall intra-rater agreement 
was substantial (κ = 0.64, SE = 0.03, 95% CI: 
0.57-0.71), while overall inter-rater reliability 
was moderate (κ = 0.52) for CVM staging with 
no statistically significant difference observed 
across levels of professional experience. 
Consultants demonstrated the highest overall 
intra- and inter-rater agreement; however, no 
difference were observed between groups. 
Performance among spinal surgeons significantly 
dropped between assessments (first assessment 
κ = 0.61 vs. second assessment κ = 0.34).

Although the CVM method has been widely 
used by orthodontists to assess skeletal maturation, 
its adoption by orthopedists remains limited, 
despite recent meta-analyses demonstrating 
strong correlation with established skeletal 
maturity indicators such as the Risser staging 
system, Sanders simplified maturity system, and 
hand wrist maturation methods.[24-30] Additionally, 
a recent study has reported that CVM staging 
can successfully predict curve progression, with 
Stage 3 representing peak growth velocity and 
Stage 6 indicating the end of growth.[31] Taken 
together, CVM has been shown to reflect skeletal 
maturity comparably to these commonly used 
methods and offers a radiation-free alternative. 
Nevertheless, the clinical value of a staging 
system strongly dependent on the reliability of 
the staging process. A maturity indicator can only 
be meaningful, if it can be applied consistently 
and reproducibly. From an orthopedic perspective, 
dosage and rotational issues in radiographic 
imaging are frequently encountered in clinical 
practice. McNamara and Franchi[20] reported that up 
to 5% of lateral cephalograms were unsuitable for 
CVM staging due to both biological variability and 
radiological errors. Furthermore, skeletal growth 
is inherently dynamic and not always predictable, 
indicating that maturation does not always follow 
expected timelines.

Whether professional experience can mitigate 
these limitations and enhance the reliability of 
CVM staging is unclear. In general, experience is 
expected to have a positive effect on the reliability 
of classification systems.[32-34] McNamara and 
Franchi[20] reported that reliability of the CVM 
method improved with clinical experience, but no 
supporting data were provided. In the current study, 
spinal surgeons showed slightly better κ values; 
however, these differences did not reach statistical 
significance across experience levels. This finding 
should be interpreted with caution and does not 
denote that professional experience has no effect on 
CVM reliability. Rather, it demonstrates that within 
the current methodological framework, sample size, 
and rater composition, no measurable difference 
attributable to professional experience was detected. 
Despite the possible experience-related effects, 
professional seniority alone appears insufficient to 
mitigate the inherent subjectivity of CVM staging. 
Additionally, the prominent drop in inter-rater 
reliability between the first and second assessments, 
particularly among spinal surgeons, suggests that 
professional seniority does not necessarily translate 
into greater reproducibility.

Previous studies on CVM staging have shown 
very high intra- and inter-rater agreement, reaching 
as high as 98%, depending on the statistical 
method applied.[25,27,35-37] However, many relied 
solely on the intraclass correlation coefficient 
(ICC) or raw percentage agreement without 
accounting for chance agreement, which reflects 
consistency based on the similarity rather than 
categorical agreement.[16,25,30,38,39] Accordingly, recent 
meta-analyses have highlighted this limitation and 
advocated the use of chance-corrected agreement 
coefficients (Cohen’s κ, Fleiss’ κ, weighted κ) for 
categorical data, as they can account for chance 
agreement and specifically assess agreement rather 
than association.[40]

Despite this previously reported high 
agreement, recent meta-analyses have 
emphasized that most studies suffer from 
methodological flaws and inappropriate statistical 
approaches.[17,18] Predko-Engel et al.[16] highlighted 
that studies reporting high reliability often recruit 
raters with a high level of expertise on the subject, 
which may inflate κ values. Likewise, Gabriel et 
al.,[15] reported that the lead authors also served 
as raters, indicating a research-level familiarity 
of CVM staging, which likely inflated reliability 
scores. To mitigate bias in our study, the individual 
who prepared the presentation slides and the lead 
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author were not involved in the scoring process. 
This methodological separation strengthens the 
objectivity of the evaluation and supports that 
the reliability outcomes reflect the accurate 
reproducibility of the classification in a realistic 
clinical setting. Notably, our study demonstrated 
lower κ values compared to literature.

Gabriel et al.,[15] reported moderate to 
substantial agreement (weighted κ = 0.40-0.80) 
and a mean intra-rater agreement among 10 raters 
of just 62%, even after comprehensive training. 
Approximately one-quarter of raters’ assessments 
differed by two or more CVM stages, indicating 
a key practical issue: the difficulty of sharply 
distinguishing adjacent stages, which may explain 
the absence of improvement in reliability with 
increasing professional experience among raters 
unfamiliar with the classification. Rainey et al.,[41] 
conducted a study involving 20 orthodontists who 
were unfamiliar with the classification but trained 
pre-staging, whose intra-rater reliability improved 
from 0.70 to 0.82 when standardized images were 
used. In our study, cervical vertebrae were assessed 
using full-spine radiographs used in routine 
clinical practice, which may have contributed to the 
relatively low agreement. However, Rainey et al.’s[41] 
raters consisted of both residents and specialists, 
and no information was provided regarding 
the potential relationship between professional 
experience and reliability.

Similarly, previous studies that recruited two 
spine surgeons in one and a radiologist and three 
orthodontists in another reported excellent and 
substantial agreement, respectively. Interestingly, 
the least experienced raters showed better κ values, 
though investigating the effect of professional 
experience was not the primary objective of either 
study.[25,42] Furthermore, Rongo et al.,[43] classified 
orthodontist raters as junior, postgraduate, and 
specialist and reported the highest κ value in 
the least experienced group. In agreement with 
our results, increased professional seniority did 
not improve reliability; moreover, the inter-rater 
agreement of spinal surgeons significantly 
decreased. We attribute this difference to the fact 
that less experienced raters tend to adhere more 
strictly to the classification guidelines without 
introducing clinical biases derived from routine 
practice.

Consequently, most studies involved raters 
with varying levels of expertise primarily 
to increase rater count rather than to evaluate 
the effect of experience on reliability. 

Predko-Engel et al.,[16] defined “experienced” raters 
by routine use of the method rather than years 
in practice. They reported moderate intra-rater 
(κ = 0.44) and fair inter-rater reliability (κ = 0.28), 
and although experienced raters had significantly 
greater ICC values, their self-agreement rates 
were nearly similar to that of the inexperienced 
group (54.7% vs. 55.4%), highlighting the limited 
reproducibility of CVM staging for clinical 
use. Given that all observers in our study were 
unfamiliar with the CVM method, our cohort 
is most comparable to the inexperienced group 
in the aforementioned study. Taken together, 
neither clinical seniority nor familiarity with 
the classification alone promised sufficient 
reproducibility for CVM staging to be a reliable 
clinical tool, which is consistent with our findings 
and suggests that the CVM method should not be 
used as a clinical decision-making tool solely on the 
basis of professional experience. From the clinical 
point of view, moderate inter-rater reliability 
indicates that reliance on CVM staging alone may 
introduce variability in growth-dependent clinical 
decisions.

Nonetheless, the present study has several 
limitations that should be acknowledged. First, 
excessive deterioration in coronal balance can 
cause the lower margin of the cervical vertebra to 
appear distorted in clinical settings. The reliability 
of this classification in X-rays in advanced scoliosis 
cases should be confirmed. Second, skeletal 
maturation indices are measured mostly with the 
appendicular skeleton, but CVM staging evaluates 
the vertebra with the axial skeleton, which seems 
to be an advantage but is more subjective and 
depends on other variables such as the quality 
of the image. This may also explain the limited 
κ value in the present study.

In conclusion, our study results showed that 
the reliability of CVM staging did not differ 
across different levels of orthopedic expertise and 
demonstrated substantial intra-rater and moderate 
inter-rater reliability among raters unfamiliar 
with method. As a promising radiation-sparing 
classification tool, it can become more clinically 
applicable via structured training and calibration 
session; however, combining it with other skeletal 
maturation assessment tools is recommended. 
Future studies should investigate the impact of 
different medical specialties and structured training 
programs on reliability and their influence on 
clinical decision-making.
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