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ABSTRACT
 

الأهداف:  دراسة مدى فاعلية طريقة جديدة لتحديد نضج الفقرات 
العنقية بناءً على قياس زوايا التقعر للحدود السفلية للفقرات العنقية.

الطريقة:  تم استخدام أفلام الأشعة السينية لكف ورسغ اليد والأشعة 
السيفالوميترية لعدد  197 طفل ذكر سعودي تتراوح أعمارهم بين  
ى 15-10 عام يراجعون قسم التقويم، جامعة الملك سعود، الرياض، 
المملكة العربية السعودية. بعد ذلك تم تحديد العمر الهيكلي لكل 
مرحلة  وتحديد  وبايل  جروليتش  طريقة  باستخدام  العينة  من  فرد 
تم  وقد  فيشمان.  مؤشرات  باستخدام  اليد  لكف  الهيكلي  النضج 
إلى  استناداً  العنقية  الفقرات  نضج  لتحديد  جديدة  طريقة  وصف 
قياسات زاويّة لتقعر الحدود السفلية للفقرات العنقية الثانية والثالثة 
الهيكلي  النضج  مدى  تحديد  في  الطريقة  هذه  واستخدام  والرابعة 
مراحل  مقارنة  تمت  ذلك  بعد  البحث.  عينة  لدى  العنقية  للفقرات 
النضج الهيكلية المحددة بالطريقة الجديدة مع مراحل النضج الهيكلي 
على  المعتمدة  التقليدية  الطرق  باستخدام  المحددة  الدراسة  لعينة 

الأشعة السينية لكف ورسغ اليد. 

بين   (r=0.94)  ًمهما إحصائياً  ارتباطاً  الدراسة  أظهرت  النتائج: 
الهيكلي  والعمر  الجديدة  بالطريقة  المحددة  الهيكلي  النضج  مراحل 
أوضحت  كذلك  وبايل.  جروليتش  بطريقة  المحدد  الدراسة  لعينة 
الدراسة وجود ارتباطً إحصائي مهم  (r=0.94) بين مراحل النضج 
للنضج  فيشمان  ومؤشرات  الجديدة  بالطريقة  المحددة  الهيكلي 

الهيكلي المحددة من أفلام الأشعة لكف ورسغ اليد لعينة الدراسة. 

خاتمة: إن الطريقة الجديدة لتحديد نضج الفقرات العنقية بناءً على 
وقابلة  فاعلة  العنقية  للفقرات  السفلية  للحدود  التقعر  زوايا  قياس 
في  الذكور  الأطفال  عند  الهيكلي  النضج  مدى  لتحديد  للتطبيق 

مرحلة النمو.

Objectives: To investigate the validity of a new approach 
to assess the cervical vertebral maturation based on 
angular measurements of the lower border concavity of 
cervical vertebral bodies.

Methods: Hand-wrist and lateral cephalometric 
radiographs of 197 male subjects with age range of 10-15 
years attending the orthodontic clinic at King Saud 

University, Riyadh, Kingdom of Saudi Arabia were 
utilized. The study was carried out between September 
2009 and May 2011. The study sample was divided into 
6 groups (group 1: 10 years to group 6: 15 years) based 
on the chronological age of the subject. The skeletal age 
of the subjects was determined using Greulich and Pyle’s 
standard radiographic atlas, and skeletal maturation was 
assessed by Fishman’s skeletal maturity indicators. The 
cervical vertebral maturation (CVM) of subjects was 
determined using angular measurements of the second, 
third, and fourth cervical vertebral bodies. The validity of 
the newly developed method was assessed by examining 
the correlation between CVM stages determined by the 
angular measurements and the skeletal maturation level 
as determined by the standard hand-wrist methods.

Results: A significant correlation (r=0.94) was found 
between the angular CVM stages and the skeletal age 
determined by Greulich and Pyle’s atlas from hand-wrist 
radiographs. Also, a high correlation (r=0.94) was found 
between the angular CVM stages and the Fishman’s 
hand-wrist skeletal maturity indicators. 

Conclusion: The new angular measurement approach 
to determine CVM is valid and has the potential to be 
applied in assessing skeletal maturity level in growing 
male children.
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Assessment of individual physical maturation is 
routine clinical practice among multiple health 

disciplines.1 In orthodontics, assessment of skeletal 
maturation is considered an integral part of clinical 
practice to determine the appropriate timing of growth 
modification therapy, and to plan for orthognathic 
surgery.2 Chronological age is generally regarded as a 
poor indicator of the individual’s growth status due to 
significant individual growth variation.3 Although some 
other biological indicators, such as morphological age 
and sexual age, can be suitable indicators of the skeletal 
maturity, they cannot be used to predict the timing of 
maximum growth due to their retrospective nature.4,5 
On the other hand, skeletal age is frequently determined 
by assessing the maturational status of specific bony 
markers within the skeletal system and is considered the 
most reliable to correlate with the general biologic and 
physiological body maturation.6,7 

Conventionally, hand-wrist radiographs were used 
to indicate the stage of an individual’s skeletal maturity 
and to forecast the onset of pubertal growth spurt.2,8,9 

The assessment of hand-wrist radiograph can be 
performed either by estimating the skeletal age from a 
reference atlas of hand-wrist radiographic images,10,11 or 
by relating specific bone maturation indicators in the 
hand-wrist region to the pubertal growth curve.8,12-14 
More recently, the evaluation of skeletal maturation 
from lateral cephalometric radiographs through the 
assessment of cervical vertebral maturation (CVM) is 
increasingly becoming the standard procedure.4,6,15,16 

The ability to estimate skeletal maturity level from lateral 
cephalometric radiographs can eliminate the need for 
hand-wrist radiographs; and thus, saving the patient the 
additional cost and exposure to radiation. All described 
CVM assessment methods, however, imply either simple 
description of the geometric shape of cervical vertebral 
body or the use of linear dimensional measurements of 
the vertebral body and the lower border concavity.4,6 

High subjectivity, and individual variability are expected 
when the geometric shape description is utilized and the 
linear measurements are generally affected by variations 
in the radiographic technique and magnification.17

The purpose of the present study was to describe and 
assess the validity of a novel approach for the assessment 

of CVM from lateral cephalometric radiographs based 
on angular measurements of the lower border concavity 
of the cervical vertebral bodies.

Methods. Lateral cephalometric radiographs and the 
hand-wrist radiographs of 197 Saudi boys obtained from 
the initial records of patients attending the Orthodontic 
Clinic at the College of Dentistry, King Saud University, 
Riyadh, Kingdom Saudi Arabia, were utilized in this 
retrospective cross-sectional study. All subjects were 
between the ages of 10-15 years. Appropriate approval 
from the institutional ethical committee was obtained 
prior to the commencement of this study. The sample 
was segregated into 6 groups based on chronological 
age of the subjects (10 years, n=30; 11 years, n=31; 12 
years, n=40; 13 years, n=32; 14 years, n=33; 15 years, 
n=31). The chronological age was calculated from the 
birth date documented in the orthodontic chart of each 
subject. Only subjects with a maximum of ± 3 months 
than the absolute value of each chronological age group 
were included in the study. All subjects included in the 
study fulfilled the following criteria: Documented date 
of birth in the patient’s chart. Availability of standardized 
and high quality hand-wrist radiograph of the left hand, 
and a lateral cephalometric radiograph. The exclusion 
criteria of subjects for this study were: Any serious illness 
that may affect normal growth and development. Any 
previous orthodontic treatment. Any previous trauma or 
injury to the face or hand-wrist region. Any congenital 
or acquired malformation of the cervical vertebrae or 
hand-wrist area. Any developmental abnormalities due 
to the presence of syndromes or hormonal disorders. 

The skeletal age for each subject was determined 
by comparing the hand-wrist radiograph with the 
hand-wrist radiographic images in the Greulich and 
Pyle’s hand-wrist radiographic atlas.11 The assessment 
of the skeletal maturity stage from the hand-wrist 
radiograph was based on Fishman’s skeletal maturity 
indicators (SMI).13 The ossification stages identified 
were SMI 1 (PP3 =) to SMI 11 (R). The SMI 1 is when 
the epiphysis and diaphysis of the proximal phalanx of 
the third finger are equally wide. The SMI 2 (MP3 =) 
occurs when the epiphysis and diaphysis of the middle 
phalanx of the third finger are equally wide. The 
SMI 3 (MP5 =) is identified when the epiphysis and 
diaphysis of the middle phalanx of the fifth finger are 
equally wide. The SMI 4 (S) marks the ossification of 
the ulnar-metacarpophalangeal sesamoid on the first 
finger. The SMI 5 (DP3cap) is recognized when the 
epiphysis forms a cap around the diaphysis on the distal 
phalanx of the third finger. When the epiphysis forms a 
cap around the diaphysis on the middle phalanx of the 
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third finger it is known as SMI 6 (MP3cap), while if the 
same capping occurs on the middle phalanx of the fifth 
finger it becomes SMI 7 (MP5cap). The SMI 8 (DP3u) 
reflects the fusion of the epiphysis and diaphysis of the 
distal phalanx on the third finger, and the SMI 9 (PP3u) 
designates the fusion of the epiphysis and diaphysis of 
the proximal phalanx on the third finger. The SMI 10 
(MP3u) means the fusion of the epiphysis and diaphysis 
of the middle phalanx on third finger. Lastly, the SMI 
11 (R) reveals complete union of the epiphysis and 
diaphysis of the radius.13

All lateral cephalometric evaluations were performed 
manually by the same examiner using a standard setting 
with a radiographic illuminated viewing box in a 
darkened room. All angular measurements performed 
were evaluated within an accuracy range of 0.5 degrees. 
The standard cervical vertebral analysis was performed 
using the Baccetti et al6 method, which is composed of 
5 stages. The CVMS I stage is described when the lower 
borders of the second (C2), third (C3), and fourth (C4) 
cervical vertebrae are flat, with possible exception of a 

Figure 1 -	Description of cervical vertebral angular method : A) Lateral 
cephalometric radiograph showing the cervical vertebrae. 
B) Schematic representation of cephalometric landmarks 
identified on the inferior border of 2nd, 3rd, and 4th 
cervical vertebrae and the angular measurement performed 
at each vertebral body. C2p, C3p, C4p: The most posterior 
point on the inferior border of the body of 2nd, 3rd, and 
4th cervical vertebrae. C2m, C3m, C4m: The deepest point 
on the concavity of the inferior border of the body of 2nd, 
3rd, and 4th cervical vertebrae. C2a, C3a, C4a: The most 
anterior point on the inferior border of the body of 2nd, 3rd, 
and 4th cervical vertebrae. This figure is reproduced with 
special permission from the King Saud University Journal of 
Dental Sciences. Original source: Alhadlaq AM. Prediction of 
Mandibular Growth Potential using Cervical Vertebral Bone 
Age in Saudi Subjects. King Saud University Journal of Dental 
Sciences 2010; 22: 1-7.

concavity at the lower border of C2. The bodies of both 
C3 and C4 are trapezoidal in shape. When a concavity 
at the lower border of both C2 and C3 appears, this 
marks the transition to CVMS II stage. The bodies of 
both C3 and C4 may be either trapezoidal or rectangular 
horizontal in shape at CVMS II stage. However, when 
the bodies of both C3 and C4 are rectangular horizontal 
in shape with a concavity present at the lower border of 
C2, C3, and C4 this indicates that CVMS III stage is 
reached. The transition to CVMS IV stage is marked 
by the bodies of both C3 and C4 being square in shape 
with a concavity present at the lower border of C2, C3, 
and C4. Finally, CVMS V stage is identified by the 
bodies of both C3 and/or C4 being rectangular vertical 
in shape with a concavity present at the lower border of 
C2, C3, and C4.

A new approach to CVM evaluation based on angular 
measurements of the concavity of the lower border of 
the cervical vertebral bodies of C2, C3, and C4 cervical 
vertebrae were performed. Landmarks modified from 
the method of Baccetti et al6 were labeled C2p, C2m, 
and C2a to represent the most posterior, deepest, and 
anterior points on the inferior border of the body of 
C2. Similarly, C3p, C3m, and C3a represent the most 
posterior, deepest, and anterior points on the inferior 
border of the body of C3. Also, C4p, C4m, and C4a 
represent the most posterior, deepest, and anterior 
points on the inferior border of the body of C4 (Figure 
1).

Based on the defined landmarks, angular 
measurements were performed to identify the C2, 
C3, and C4 angles (Figure 2). The C2 angle represents 
the angular measurement value between a line 
connecting C2p to C2a and a line connecting C2p to 
C2m. Likewise, the C3 angle represents the angular 
measurement value between a line connecting C3p to 
C3a and a line connecting C3p to C3m. Lastly, the C4 
angle represents the angular measurement value between 
a line connecting C4p to C4a and a line connecting 
C4p to C4m (Figure 1). 

Subsequently, the average value of the 3 angular 
measurements (C2, C3, and C4 angles) was calculated 
for each subject (C2-C3-C4 average) and was matched 
to the CVMS classification of each subject. Based on 
the minimum and maximum value of C2-C3-C4 
angle average at each CVMS group (Table 1), the study 
sample was categorized into 5 distinct cervical vertebral 
maturity stages based on the angular measurements. 
These newly developed stages were categorized to 
formulate a new cervical vertebral maturation-angular 
(CVMA) classification. The first CVMA stage (CVMA 
1) is identified when the average C2-C3-C4 angular 
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Table 1 -	The distribution of subjects and the descriptive values of average 
C2+C3+C4 angular measurements (C-Ave) at each CVMS.  

CVMS No. 
C-Ave (°)

Min Max X

I 101 0   0 0

II   37 2   6      4.03

III   30 7     10.3      8.44

IV   29  11.3 17     14.29

V - - - -

C2 - second cervical vertebra, C3 - third cervical vertebra, 
C4 - fourth cervical vertebra, CVMS - cervical vertebral maturation 

stage, X - mean value, Min  - minimum value, 
Max - maximum value

Figure 2 -	 Scatterplot between cervical vertebral maturation angular 
stages (CVMA) and skeletal age (SK-age) groups. r=0.94, 
p=0.000, where p<0.05.

measurement equals to 0°. When the average angular 
measurement of C2-C3-C4 is larger than 0° but less 
than or equal to 6°, the CVMA stage is known as CVMA 
2. The CVMA 3 stage is reached when the average 
C2-C3-C4 angular measurement is larger than 6° but 
less than or equal to 10.3°. If the average C2-C3-C4 
angular measurement is larger than 10.3° but less than 
or equal to 17°, the CVMA 4 stage is identified. Lastly, 
the CVMA 5 stage is recognized when the average 
C2-C3-C4 angular measurement is larger than 17°.

All cephalometric and hand-wrist radiographs were 
obtained using Planmeca-Intra Cephalometer (PM 
2002 EC Proline, Helsinki, Finland) with a focal-film 
distance of 170 cm on intensifying screen-film (no grid; 
60 kV).

Descriptive statistics were performed among various 
experimental groups. Nonparametric Spearman’s 
correlation test was used to correlate the CVMA stages 

with the skeletal age and SMI stages as determined by 
the hand-wrist method. In addition, the correlation 
between different CVMA stages and chronological age 
groups was established. All data were analyzed using 
the Statistical Package for Social Sciences version 13 
(SPSS Inc., Chicago, IL, USA). Dahlberg’s double 
determination method error, correlation coefficient, 
and the student’s t-test were used to determine the 
intra-examiner reliability of readings when they were 
performed by the same examiner 3 weeks later for 20 
randomly selected hand-wrist and lateral cephalometric 
radiographs. The intra-examiner correlations showed 
significant reliability and minimum method errors 
of all readings as demonstrated by high coefficient 
values ranging from 0.97 to 0.99 (p<0.001). In 
addition, weighted kappa test was determined to assess 
agreement between the 2 measurements based on 
categorical variables and was found to be 0.75-1.00. 
Multiple regression analysis was performed to predict 
the CVMA stages from the chronological age, skeletal 
age, and the SMI stages. The stepwise method was used 
to exclude the non-significant predictor variables. The 
model has only SMI as significant predictor variable 
and this model explained 93.3% of the total variation. 
The adjusted determinant coefficient (adj. R2) of this 
model was 0.933 with F p-value = 0.000. The statistical 
model used was: CVMA = 0.498 + 0.418 (SMI). In 
all statistical assessments performed, the level of 
significance was recognized at 95% level of confidence 
(p<0.05) to indicate the statistical significance between 
the studied variables.

Results. Descriptive statistics for all study groups are 
presented in Table 2. The trend of association between 
CVMA stages and skeletal age groups is shown in Figure 2. 
The results of the regression analysis are presented in 
Table 3. Spearman’s rank-correlation coefficient test 
between CVMA stages and skeletal age groups revealed a 
high correlation value (r=0.94, p=0.000 where p<0.05). 
Similarly, a high correlation value was observed when 
CVMA stages were plotted against different SMI stage 
groups (r=0.94, p=0.000 where p<0.05) (Figure 3). In 
addition, a significant correlation was present between 
CVMA stages and chronological age groups (r=0.75, 
p=0.001 where p<0.05) (Figure 4).

Discussion. Chronological age is not a valid 
predictor of the individual’s growth velocity and 
skeletal maturity level.3,18 The validity of the hand-wrist 
method in the assessment of skeletal maturity level has 
been well established for multiple racial groups.2,7-9,13,19 
Recently, the use of the CVM method for skeletal 
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maturity assessment has been recommended to replace 
the traditional hand-wrist radiographic method.4,6,15,20,21 
By enabling the clinician to evaluate skeletal maturation 
directly from routinely obtained lateral cephalograms, 
the patient will be guarded against additional cost and 
radiation.

The present study was carried out to assess the validity 
of a new CVM assessment approach to determine the 
skeletal maturity level against the standard hand-wrist 
methods. In this study, only male subjects were included 
to rule out any gender-dependent variability in the 
sample. Some differences in the timing of morphological 
changes in cervical vertebral bodies and growth pattern 
between boys and girls have been reported.20 The circum 
pubertal age range (10-15 years) was selected to ensure 
proximity of the subjects to the pubertal growth peak 
when maturational changes in cervical vertebral bodies 
are more intense and noticeable.5,15 Also, this circum 
pubertal age range is the most common age range 
for individuals to receive their orthodontic treatment 
because of the appropriateness to perform growth 
modification therapy and the coincidence with the 
full eruption of permanent dentition.5,6,22 In addition, 
the availability of hand-wrist radiographs for patients 
younger or older than this age range is unlikely. The 
number of subjects per each chronological age group 
was selected based on the availability of records to 
ensure fair distribution of subjects among different 
chronological age groups. The assessment of skeletal 
maturity stage by the hand-wrist method in this study 
was performed using the skeletal maturation indicators 
introduced by Fishman.13 This system is relatively simple 

Figure 3 -	 Scatterplot between cervical vertebral maturation angular 
stages (CVMA) and skeletal maturity indicator (SMI) groups. 
r = 0.94, p=0.000, where p<0.05

Figure 4 -	 Scatterplot between cervical vertebral maturation angular 
stages (CVMA) and chronological age (ch-age) groups. 
r=0.75, p=0.001 where p<0.05

Table 2 -	Descriptive statistics of all study groups.

Variable X (SD) Min Max Sig. (p-value)
between CA & SA

CA (yrs) 12.51 (1.67) 10 15
0.013

SA (yrs) 12.23 (2.01) 10 17

SMI -   1 10

CVMS -   I IV

C-Ave (°) 4.15 (5.27)   0 17

CVMA -   1   4

X - mean value, SD - standard deviation, Min - minimum value, 
Max - maximum value, CA - chronological age, SA - skeletal age, 

SMI - skeletal maturity indicators, CVMS - cervical vertebral 
maturation stage, C-Ave - average of C2+C3+C4 angular measurements, 

CVMA - cervical vertebral maturation stage-angular method,
Sig - approximate significance

Table 3 - Regression analysis results.

Variable B t P-value 95% confidence 
interval 

Adjusted R2

lower 
bound

upper 
bound

Constant 
(bo)

0.498 14.377 0.000* 0.429 0.566

0.932
SMI 
(b1)

0.419 51.901 0.000* 0.403 0.435

There were high correlation between skeletal age and SMI. The same 
model was produced by stepwise method where the skeletal age’s effect 
was controlled. SMI - skeletal maturity indicators, CVMA dependent 

variable, *p<0.05
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and predictable to evaluate skeletal maturity level from 
the hand-wrist radiograph.8,13,23,24 The SMI method has 
been regarded as one of the most appropriate methods 
for skeletal maturity evaluation that can be easily and 
accurately associated with the growth curve to predict 
the timing of the pubertal growth spurt.8

The CVM assessment in the present study was 
performed using the CVMS method established by 
Baccetti and co-workers.6 The simplified approach 
and high correlation with the hand-wrist method in 
estimating the skeletal maturity level have contributed 
to its wide popularity.5,15,16,19,21,23 The newly introduced 
approach to evaluate CVM was developed to establish 
the CVM based on an objective angular measurement 
of the concavity of the lower border of the second, 
third, and fourth cervical vertebrae and to take into 
account the limitations of the previously described 
CVM methods.17 

The mean skeletal age of the whole sample was found 
to be significantly different from the mean chronological 
age of the sample (Table 2). A similar finding has been 
reported for other racial groups.2,21-23 The tendency 
for late skeletal maturity has been previously reported 
in Saudi male subjects.19 On the other hand, Thai 
individuals have been reported to show early skeletal 
maturation.25 The discrepancy in this finding among 
the different studies can be potentially related to the 
different ethnic background of the subjects, and the 
different environmental factors affecting the pace 
of skeletal maturation. Also, it should be noted that 
the correlation between skeletal maturation level as 
assessed by the CVMA method and the chronological 
age, though significant in this study, was considerably 
smaller than between the CVMA and the hand-wrist 
assessment methods. These findings show, once again, 
that chronologic age is not a first-choice parameter to 
evaluate skeletal maturation in a growing subject.3 

The correlation obtained in this study between the 
newly introduced CVMA stages and the SMI stages is 
comparable with the correlation values reported in the 
literature between the CVM and hand-wrist methods. A 
similar high correlation value has been reported by Alkhal 
and co-workers.23 In general, previous investigations 
have demonstrated quite variable correlation values 
between hand-wrist and CVM methods ranging from 
0.45-0.97.19,22-24,26-28 Such inconsistency can potentially 
be attributed to multiple factors including differences 
in sample size, gender, ethnic background, and/or 
subjectivity of the utilized methods. 

The CVM-angular approach proved to be a valid 
method to assess skeletal maturation as demonstrated 
by its high correlation with the standard hand-wrist 

assessment methods using the skeletal age atlas 
and Fishman’s SMI standards.11,13 Moreover, the 
CVM-angular method has the potential to overcome 
the shortcomings of current CVM assessment 
methods such as the subjectivity in assessment, the 
individual variability between examiners, and the 
radiographic magnification effect associated with 
linear measurements. If the CVM-angular method 
is incorporated into cephalometric analysis software, 
it will provide the clinician with a quick and reliable 
technique to evaluate skeletal maturation of growing 
children simply by locating few landmarks on the 
cervical vertebrae. 

In conclusion, the described CVM-angular approach 
is valid for the assessment of skeletal maturation level 
in growing boys. This method can be considered as 
an objective means to identify the level of individual 
skeletal maturity and estimate the pubertal growth 
peak without the need for an additional hand-wrist 
radiograph. Limitations of the study include the sample 
size, distribution of the sample to be representative 
of Saudi Arabia, and the gender limitation to male 
subjects only. Further studies are required to increase 
the sample size, include female sample, and improve 
sample distribution over other regions of Saudi Arabia 
to establish the norms of the new CVM-angular 
approach for the Saudi population.
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