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Introduction

Adolescent idiopathic scoliosis (AIS) is by far the most 
common type of scoliosis, affecting children between ages 9 
and 18 years (1). The risk of curve progression was found to 
correlate significantly with the period of rapid skeletal linear 
growth and in particular, with the time relative to the peak 

height velocity (PHV) (2), which is defined as the period of 
the fastest skeletal growth during puberty. The changes in 
skeletal growth, joint stiffness, flexibility, bone density, and 
muscle imbalances during PHV are considered to accelerate 
curve progression (3). Therefore, estimating the PHV plays 
an important role in determining the bracing strategy and 
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the surgical indications in AIS patients. 
There are several assessment methods available to 

evaluate the PHV, each with their own strengths and 
weaknesses. The Risser sign debuted in 1958 and gradually 
became the most commonly used marker for spine surgeons 
to evaluate skeletal maturation and curve progression (4). 
The Risser sign appears on the radiograph of the pelvis, 
which is often studied during the assessment of scoliosis, 
thereby obviating the need for an additional radiograph (5).  
However, although the Risser sign is classic, it has several 

limitations, which include dissymmetry and the long 
duration of Risser stage 0. A previous study also showed that 
it is a poor clinical landmark for noting the beginning of the 
curve acceleration phase of AIS patients (6). After the Risser 
sign, came Tanner-Whitehouse (TW) scores (7), digital 
skeletal age (DSA) scores (2), Sanders simplified skeletal 
maturity system (8), distal radius and ulna (DRU) stages (9), 
and the ultramodern thumb ossification composite index 
(TOCI) (10). In clinical settings, these methods not only 
need an extra hand radiograph that increases both cost and 

Figure 1 Developmental stages of cervical vertebrae. CVM 1: the lower borders of the second, third, and fourth vertebrae (C2, C3 and C4) 
are flat, and the bodies of C3 and C4 are trapezoidal in shape. CVM 2: only the lower border of C2 is concave, and the bodies of C3 and C4 
are trapezoidal. CVM 3: the lower borders of C2 to C3 have concavities, and the bodies of C3 and C4 are either trapezoidal or rectangular 
horizontal in shape; alternatively, the concavity is present only at the lower border of the C3 with the bodies of C3 and C4 either trapezoidal 
or rectangular horizontal in shape. CVM 4: the lower borders of C2 to C4 have concavities, and the bodies of both C3 and C4 are both 
rectangular horizontal; alternatively, the concavity is present only at the lower border of the C3 and C4 with the bodies of C3 and C4 
rectangular horizontal in shape. CVM 5: the lower borders of C2 to C4 have concavities, and at least one or both of the bodies of C3 and C4 
is square; alternatively, at least the body of either C3 or C4 is square with a lack of concavity at the lower border in either C3 or C4. CVM 
6: the lower borders of C2 to C4 have concavities, and at least 1 or both of C3 and C4 is rectangular vertical (12). CVM, cervical vertebral 
maturation.
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radiation but also are too cumbersome for less experienced 
surgeons. 

In 1975, Lamparski et al. (11) was first to use the cervical 
vertebrae for skeletal age assessment and was followed by 
Baccetti et al. (12) who modified the method, changing 
the name to cervical vertebral maturation (CVM) in 2002. 
CVM contains 6 different stages that show different 
geometrical morphology of C2-C4 with the growth of 
skeletal maturity (Figure 1, Table 1) (12). CVM stage is 
commonly used in orthodontics but has been neglected in 
spine research. In previous studies, a significant correlation 
between CVM and skeletal maturity was identified (13-16). 
Considering the advantages of radiograph conservation, 
evaluating spinal growth in AIS patients with CVM may 
have potential clinical benefit. The main purpose of this 
study was to determine the reliability of grading with CVM. 
The secondary objective was to evaluate the relationship 
between CVM and PHV in AIS patients. 

Methods

Cohorts

This was a two-stage retrospective study approved by the 
ethics committee of the hospital. In stage I, a retrospective 
review of 215 patients from a prospectively recruited 
database between April 2015 and October 2017 was 
performed. Inclusion criteria for stage I study were (I) 
female AIS patients, (II) age between 9 and 16 years, (III) 
who had undergone standardized bracing treatment, (IV) 
and had full spine images with clear visibility of the cervical 

spine. The exclusion criteria were (I) patients with previous 
spinal surgery, (II) any signs of growth abnormalities (such 
as a lower extremity growth arrest or deficiency), (III) 
skeletal dysplasia or dwarfism, and (IV) dissymmetry and 
unclear Risser on the radiograph. For the 215 patients, 
30 patients with dissymmetry or unclear Risser, 13 with 
unavailable radiography, and 2 with abnormalities of skeletal 
maturation were excluded. Finally, 170 AIS patients were 
included in stage I of the study. 

The stage II study was a longitudinal study; 51 patients 
who had followed through CVM stage 2 to 4 were identified 
from the 170 stage I patients and evaluated separately.

Measurements

For stage I patients, demographic variables were collected 
when taking radiographs. Full spine radiographs were taken 
at the initial visit and at each follow-up. The maturity was 
evaluated using Risser stage and CVM stage. In this study, 
we defined Risser 0 with the closed triradiate cartilage as 
Risser 0.5, and Risser 0 with the opened triradiate cartilage 
as Risser 0. Risser 0.5 was regarded as a presumed PHV 
period in this study since a previous study showed that 
most patients at Risser 0 with closed triradiate cartilage are 
at PHV. Song et al. (17) proposed that the closure of the 
triradiate cartilage is closely related to PHV. Nault et al. (6) 
have proposed that Risser 0 with closed triradiate cartilage 
indicates a curve acceleration phase when the curve 
progresses the most rapidly. All radiographs were performed 
by two spine surgeons and two orthopedic residents. The 
measurements were performed twice, with a two-week 

Table 1 Description of the cervical vertebral maturation (CVM) stages (12)

CVM Descriptions

1
When the lower borders of the second, third and fourth vertebrae(C2,C3 and C4) are flat and the bodies of C3 and C4 are  
trapezoidal in shape

2 When only the lower border of C2 is concave and the bodies of C3 and C4 are trapezoidal

3
When the lower borders of C2 to C3 have concavities and the bodies of C3 and C4 are either trapezoid or rectangular  
horizontal in shape. Alternatively, when the concavity is present only at the lower border of the C3 with the bodies of C3 and C4 
either trapezoidal or rectangular horizontal in shape

4
When the lower borders of C2 to C4 have concavities and the bodies of both C3 and C4 are both rectangular horizontal.  
Alternatively, when the concavity is present only at the lower border of the C3 and C4 with the bodies of C3 and C4 rectangular 
horizontal in shape

5
When the lower borders of C2 to C4 have concavities, and at least one or both of the bodies of C3 and C4 is square.  
Alternatively, when at least the body of either C3 or C4 is square with a lack of concavity at the lower border in either C3 or C4

6 When the lower borders of C2 to C4 have concavities, and at least 1 or both of C3 and C4 is rectangular vertical
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interval between each measurement.
For stage II patients, 51 patients of the stage I study had 

complete follow-up through the CVM stage 2–4 with an 
interval of 4 to 6 months. Anthropometric measurements 
were performed at each follow-up, including the stature 
and the arm span. The sagittal trunk height and coronal 
spinal length measurements were made on digital images 
at the picture archiving and communication system (PACS) 
workstation. The sagittal trunk height was defined as 
the vertical distance between the horizontal through the 
midpoint of the C2 inferior endplate and the horizontal 
through the midpoint of the femoral head (Figure 2). The 

intersection of catercorner in each vertebral body was 
defined as the center of the vertebral body. Total length from 
radiographs along the line reaching the midpoint of both 
the superior and inferior endplates from T1 to L5 and the 
center of each vertebral body in between were defined as the 
coronal spinal length (18,19) (Figure 2). A horizontal line was 
passed through the upper margin of the ilium and another 
through the ischial tuberosity. The vertical distance between 
these two lines was defined as the pelvis height (Figure 2).

The calculation of the growth velocity of parameters 
(PaGVs) was defined as the growth obtained from dividing 
the parameters increase by the time interval between two 

Figure 2 The sagittal trunk height was measured on EOS™ imaging system (EOS) images as the vertical distance between the horizontal 
through the midpoint of the C2 inferior end plate and the horizontal through the midpoint of the femoral head. The coronal spinal length 
was measured by the line through the midpoints of the superior endplate, diagonal intersection of each vertebra, midpoints of the inferior 
endplate, and discs from the superior endplate of T1 to the inferior endplate of L5. A horizontal line was passed through the upper margin 
of the ilium and another through the ischial tuberosity. The vertical distance between these two lines was defined as pelvis height.
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consecutive visits (2,20): 

PaGV= (Parametern − Parametern-1)⁄Time intervaln-(n-1) 

We included the two consecutive visits at the same CVM 
stage in order to calculate the PaGV at this CVM stage. 
The visit, which had a different CVM stage with the last 
visit was excluded. We then calculated the average PaGV 
at the same CVM stages and defined it as the PaGV at that 
stage. The ratio of spinal length vs. pelvic height (SL vs. 
PH) was defined as the computed result of spinal length 
divided by the pelvic height. This parameter could show the 
standard spinal growth using a self-control method.

Statistical analysis

Data were statistically analyzed with the SPSS Statistics 

(v 20.0) software packages. The measured values were 
expressed as mean and standard deviation (SD). Descriptive 
statistics were performed to analyze patients’ demographics. 
For the intra- and inter-observer reliability analysis, the 
intraclass correlation coefficient (ICC) was calculated. The 
Chi-square test was used to compare the percentages of 
Risser signs and CVM stages in the selected cases. The 
analysis of variance (ANOVA) was used to compare PaGV 
at different CVM stages in the stage II study. The Spearman 
coefficients of correlation were calculated to assess the 
relationships between Risser signs and CVM stages. P<0.05 
was regarded as a statistically significant difference.

Results

Stage I study

The mean age was 12.7 (range, 9–16) years. The mean Cobb 
angle for stage I at the first visit was 27° (range, 16°–33°).  
All surgeons and residents showed excellent interrater and 
intrarater agreement for the CVM stages (Table 2).

The distribution of Risser sign in the cohort was as 
follows: Risser 0 in 36 patients, Risser 0.5 in 25 patients, 
Risser 1 in 14 patients, Risser 2 in 27 patients, Risser 3 in 33 
patients, Risser 4 in 22 patients, and Risser 5 in 13 patients. 
The distribution of CVM was as follows: CVM stage 1 in 
15 patients, CVM stage 2 in 20 patients, CVM stage 3 in 36 
patients, CVM stage 4 in 45 patients, CVM stage 5 in 38 
patients, and CVM stage 6 in 16 patients. The average age 
of patients in each Risser stage and CVM stage is shown in 
Table 3. The CVM stages were found to correlate strongly 
with Risser sign (r=0.85, P<0.01).

The percentage of CVM stages in Risser stages is shown 
in Figure 3. In the period of Risser 0, there are 39% of 
patients at CVM stage 1, 39% of patients at CVM stage 2, 
while the remaining 22% are at CVM stage 3. In the period 
of Risser 0.5, which indicates the stage of PHV, there are 
16% of patients at CVM stage 2, 71% of patients at CVM 
stage 3, while the remaining 13% are at CVM stage 3. In 
the total period of Risser sign 0.5 and 1, there are only 
9% and 3% of patients at CVM stage 2 and CVM stage 

Table 2 Results of reliability test in the two evaluations in the stage I study

Measurement Spine surgeons Residents

First phase 0.991 (0.988–0.993) 0.988 (0.984–0.993)

Second phase (2 weeks later) 0.996 (0.993–0.998) 0.985 (0.983–0.990)

The values are given as the reliability with the 95% confidence interval in parentheses.

Table 3 The distribution and age of patients at different Risser stages 
and cervical vertebral maturation (CVM) stages in the stage I study

Indicator Distribution Average age (year)

Risser

0 36 9.9

0.5 25 11.7

1 14 12.6

2 27 13.2

3 33 13.9

4 22 14.7

5 13 15.2

CVM

1 15 9.6

2 20 10.4

3 36 11.8

4 45 13.0

5 38 14.2

6 16 15.3
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5, respectively, and 62% of patients at CVM stage 3. The 
other 26% are at CVM stage 4.

Stage II study

The stature, arm span, trunk height, and spinal lengths of 
patients at different CVM stages are shown in Table 4. The 

growth velocity of parameters (PaGVs) in different CVM 
stages is shown in Table 5. The stature growth velocity 
averaged 5.4 cm/year in CVM stage 2 and 6.3 cm/year 
in CVM stage 3, which is significantly larger than that in 
CVM stage 4 (3.3 cm/year, both P<0.001); similarly, the 
arm span growth velocity was also significantly higher in 
CVM stage 3 than in CVM stage 2 and CVM stage 4 (6.2 
vs. 5.5 and 3.2 cm/year, both P<0.001). The trunk height 
growth velocity averaged 2.15 cm/year in CVM stage 2 and  
2.40 cm/year in CVM stage 3, which are both significantly 
larger than that in CVM stage 4 (1.06 cm/year, both 
P<0.001). The spinal length growth velocity averaged  
1.45 cm/year in CVM stage 2 and 1.65 cm/year in CVM 
stage 3, which are both significantly larger than that in 
CVM stage 4 (0.97 cm/year, both P<0.001). The ratio 
of spinal length vs. pelvis height showed no significant 
difference (Table 4), indicating a normal trend of spinal 
growth in all subjects.

Figure 3 Percentage of CVM stages in Risser stages in the stage I study. The percentage of CVM stage 1–3 in Risser 0 (A); the percentage 
of CVM stage 2–4 in Risser 0.5 (B); the percentage of CVM stage 2-5 in Risser 0.5 and Risser 1 (C) (Risser 0.5 is Risser 0 with closed 
triradiate cartilage). CVM, cervical vertebral maturation.

Table 4 The parameters at different CVM stages in the stage II study

CVM S (cm) AS (cm) TH (cm) SL (cm) SL vs. PH

1 143.6 (131.5–152.6) 144.8 (132.3–153.2) 55.2 (51.6–58.7) 44.3 (42.6–47.7) 2.40

2 146.2 (134.6–155.2) 147.3 (134.8–155.9) 56.3 (52.4–59.3) 45.1 (42.8–48.1) 2.38

3 154.6 (144.0–162.2) 155.7 (145.1–164.4) 59.5 (54.3–60.1) 47.1 (43.7–50.5) 2.34

4 158.7 (148.9–167.7) 159.7 (149.3–167.2) 61.1 (57.6–63.8) 48.4 (44.9–51.0) 2.34

5 161.0 (152.3–170.9) 162.1 (152.2–171.6) 61.3 (57.9–64.6) 48.9 (45.4–52.6) 2.34

6 161.2 (152.3–172.0) 162.8 (152.3–172.7) 62.0 (58.7–65.0) 49.1 (46.7–52.7) 2.31

CVM, cervical vertebral maturation; S, stature; AS, arm span; TH, trunk height; SL, spinal length; PH, pelvis height.

Table 5 The parameters growth velocity at different CVM stages in 
the stage II study

CVM S (cm/year) AS (cm/year) TH (cm/year) SL (cm/year)

2 5.4 5.5 2.15 1.45

3 6.3 6.2 2.40 1.65

4 3.3 3.2 1.06 0.97

P value <0.001 <0.001 0.001 0.004

CVM, cervical vertebral maturation; S, stature; AS, arm span; 
TH, trunk height; SL, spinal length; PH, pelvis height.
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Discussion

An ideal maturity indicator should not only be easy to 
measure, but it should also be convenient for patients, have 
little diurnal variation, and correlate well with the timing 
of curve progression. The results of this study revealed that 
CVM stage showed strong correlation with Risser sign. 
Patients at CVM stage 3 made up 71% of those subjects 
at Risser 0 with closed triradiate cartilage, indicating that 
patients at CVM stage 3 are most likely at PHV, which was 
further validated by the calculation of the PaGVs. 

In earlier generations, the cervical vertebrae were used 
to assess skeletal maturity (11), but no specific grades were 
defined. Baccetti et al. (21) modified the assessment of 
skeletal maturity using the cervical vertebrae and presented 
a simple method of determining the skeletal age using six 
developmental stages of the cervical vertebrae (C2–4), with 
each developmental stage being a biological growth indicator. 
Adding on to the proven usefulness of this method in 
orthodontic research, our study extended CVM stages to the 
evaluation of spinal growth. CVM staging should be one of 
the methods used in evaluating the spinal maturity in scoliosis 
patients since the cervical vertebrae is an internal part of the 
spine. The changing of cervical vertebrae could represent 
the exact stage of thoracic and lumbar spinal growth, and 
should theoretically be better than the prediction ability of 
metacarpals or the radius and ulna. The morphology of a 
cervical vertebra is straightforward, and the concave of each 
vertebra is obvious and clearly visible (Figure 4). 

It should be mentioned that the CVM staging still entails 
several limitations, including the inconsistent changes in 
skeletal development during the growth period and non-
quantified measurements of bone mass (22). To improve the 
CVM stage, Chen et al. (23) used a quantitative analytical 
method from the sagittal view and presented an objective 
indicator replacing the lateral cephalometric radiography. 
Yang et al. (24) also performed quantitative shape analysis, 
which enhanced the ability to explain bone maturation 
as opposed to relying only on chronological age. In our 
study, we used the classic CVM grades instead of quantified 
evaluation since we were seeking an easily understood 
and convenient method for an outpatient clinic, and the 
quantified evaluation should be further analyzed in the 
future. 

 In our study, we found the percentages of patients in 
CVM stage 1 and CVM stage 2 in Risser 0 with open 
triradiate cartilage were both 39%, indicating that CVM 
stage 1 and CVM stage 2 can represent the Risser 0 with 

open triradiate cartilage. CVM stage 1 or CVM stage 2 may 
predicate the potential acceleration of curve progression. 
Previous studies showed that most patients with Risser 0 with 
closed triradiate cartilage are at PHV (6,17). In our study, 
71% of CVM 3 patients were Risser 0 with closed triradiate 
cartilage. Therefore, CVM 3 may be an indicator of PHV. To 
validate this hypothesis, this study also included 51 patients 
with complete follow-up through the brace treatment and 
calculated the PaGVs for different CVM stages. The results 
revealed that the growth velocity of stature, arm span, trunk 
height, and spinal lengths was all significantly higher in 
CVM stage 3, which supports the results indicating that 
CVM stage 3 can be an indicator of PHV. 

The risk of curve progression is primarily correlated 
to periods of rapid spinal growth. Stature is a useful 
representation of spinal growth. Despite being helpful 
as a first indication for the curve acceleration phase, 
the predictive values of stature velocity were partly 
downgraded by the existence of the distal-to-proximal 
growth gradient in adolescents. The peak growth of distal 
body parts, for example, foot length or lower limb length 
was found to precede the peak growth of more proximal 
body parts including the spine (25). This growth gradient 
may introduce deviations when we use the height growth 
velocity as the first-line predictor of curve progression. 
The risk of curve progression incorporates the lower 
limbs and pelvis; it may not be as sensitive for monitoring 
spine growth in managing deformity as the trunk height, 
which eliminates the contribution of the lower limbs. In 
this study, with our use of stature combined with arm 
span for measuring growth velocity, the growth data may 
be more representative of long bone growth rather than 
spine growth. Arm span is useful in patients with scoliosis 
because curve deterioration may cause a reduction in overall 
height and thus mask the actual spine growth achieved (26). 
Therefore, we employed the measurement of spinal length 
and trunk height for better evaluation of growth velocity. 
As we expected, the growth velocity of all parameters 
was higher in CVM stage 3 (Table 5), demonstrating the 
potential clinical use of CVM grade.

It has been well documented that the growth and curve 
progression in AIS is closely interrelated. Sanders et al. (2) 
proved that the timing relative to PHV, which significantly 
correlated with the curve progression phase could be 
predicted. An increase of stature more than 4 cm/year with 
curve progression more than 25° was significantly associated 
with an increase in the angle velocity (27). Therefore, an 
efficient method to evaluate maturity status is constantly 
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Figure 4 Three cases. A 10.6-year-old girl at Risser 0 and CVM stage 2 (A); a 13.3-year-old girl at Risser 2 and CVM stage 4 (B); a 
14.5-year-old girl at Risser 4 and CVM stage 5 (C). CVM, cervical vertebral maturation.
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B
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being sought by surgeons to determine the treatment 
strategy. Bracing before the PHV has been shown to prevent 
curve progression (28-30). Bracing strategy, including the 
initiation of bracing, timing of weaning, and the hours of 
brace wear, should be determined based on maturity status 
and growth potential. Therefore, the CVM stages could be 
potentially used in guiding bracing treatment and should be 
further investigated. 

There are several limitations to this study. First, the 
patients in the stage 1 study only had one-time follow-
up. In further study, we will particularly select patients 
with more follow-ups through whole skeletal maturity. 
Second, the study only analyzed the correlation between 
CVM stages and Risser stage. Although Risser stage is the 
most commonly used method, it is not considered to be 
the most accurate for evaluating skeletal maturity. Using 
TOCI or DSA would have been appropriate, but the hand 
radiographs were incomplete in long-term follow-up. 
Third, the patients were all treated with brace. The time 
interval between two consecutive visits was 4 to 6 months, 
which was too long to observe the growth. The brace may 
also influence the growth of each patient.

 

Conclusions

The new CVM stage could provide an alternative option 
for the assessment of skeletal maturity of subjects with 
idiopathic scoliosis. CVM3 may be a new sign of PHV. The 
index needs to be verified in further multicenter studies 
with different ethnic groups.
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