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In forensic science, few data exist regarding cervical vertebrae stages for age 
estimation, meanwhile, teeth are frequently used to estimate age. The present study 
tested the cervical vertebrae skeletal maturation as an indicator for chronological age. 
A total of 149 radiographs (68 boys and 81 girls) were analyzed. Their ages ranged 
from 5.94 - 18.00 years. Cervical vertebral skeletal maturation (CVM) staging and 
dental age estimation by Willem's method were estimated. Results show that there is 
significant correlation between dental age, CVM and chronological age. However, 
CVM staging is not accurate to depend on solely for age estimation especially in 
forensic investigations. Willem's method underestimated age by 0.01 years in girls and 
0.16 years in boys. It can be concluded that CVM can give rough idea about age and 
accuracy will be enhanced if combined with dental age estimation. 

 
Introduction  
 

Age estimation in children is a 
fundamental question in forensic medicine; for 
different civil and criminal cases; as well in 
cases of mass disaster. Assessment of skeletal 
maturity is a common application for age 
estimation in forensic sciences (Mittal et al., 
2011). A relationship between the 
chronological age and the degree of skeletal 
maturity has been established for several 
populations e.g. Thai (Krailassiriet al., 2002), 
Turkish (Uysal etal., 2004), Saudi (AL-Hadlaq 
et al., 2007a) and Egyptian (El Bakary et al., 
2014) children. 

Cervical vertebrae skeletal maturation is 
commonly used by clinical orthodontics to 
assess skeletal maturity (AL-Hadlaq et al., 
2007b, Manica et al., 2013). Hassel and 
Farman (1995) developed a six-stage- method 
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for cervical vertebral maturation that has been 
modified by Baccetti et al. (2002). Many other 
studies have also been established to assess age 
through mineralization within acceptable error 
limits. Willems et al. (2001) adapted a method 
for dental age estimation in a Belgian 
Caucasian population. Similarly, El Bakary et 
al. (2010) proved that it can be applied on 
Egyptians with 98.62% accuracy.  

In Egypt, the juvenile justice system 
operates with a specific set of rules and 
procedures intended to reflect the child’s 
limited responsibility setting the minimum age 
of criminal responsibility at 12 (Abiad and 
Mansoor, 2010). It is therefore very important 
to assess age with accurate and reliable 
methods to determine whether juvenile penal 
systems or penal systems in force for adults are 
to be applied (El Bakary et al., 2010). 

The aim of this study was to validate the 
use of cervical vertebrae skeletal maturation as 
an indicator of chronological age. 
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Material and Methods 
 

This is a retrospective radiographic study 
for children from six to eighteen-year-old who 
were treated at the Orthodontics Department, 
Faculty of Dentistry, Mansoura University 
from year 2013 to 2014. 

Orthopantograms and lateral 
cephalograms were collected from files of 
children. Those radiographs that were unclear 
or showing any abnormalities were excluded. 
Those from children with systemic disease that 
could affect general development like 
hormonal diseases were excluded from the 
study. 

This study followed the ethical guidelines 
of the Mansoura University’s Research Ethics 
Committee. Since the radiographs were 
selected from existing data, there was no risk of 
additional radiation exposure to patients and 
patient information was kept anonymous.  
 
Methods 
 

Age estimation was carried out by two 
well-trained observers. The interpretations of 
panoramic and cephalometric radiographs were 
discussed until agreement was reached (Mittal 
et al., 2011). Chronological age (CA) was 
calculated by subtracting the date of the 
radiograph from the date of birth after having 
converted both to a decimal age. 

 
1. Cervical vertebral maturation staging  

Cervical vertebral maturation (CVM) 
staging  was performed according to the 
method of  Baccetti et al. (2005). This method 
analyzes the morphology of the second (C2), 

third (C3), and fourth (C4) cervical vertebrae 
where the patient is classified into one of  
six stages (Figure 1) as defined below  
(Table 1). 

 
 

2. Dental age estimation: 
Each tooth on the lower left side of the 

mandible (except the third molar) was given a 
score from A to H depending on its 
developmental criteria. Maturity scores were 
then converted into fractions of dental age 
using conversion tables and then these were 
summed to obtain dental age (Willems et al., 
2001; El Bakary et al., 2010). 
 
Statistical analysis 
 

All statistics were performed using the 
SPSS software package (version 16, SPSS Inc., 
Chicago, IL, USA). Descriptive statistics were 
obtained by calculating the means and standard 
deviations of the chronological ages and 
estimated dental ages for the six stages of 
CVM. Qualitative variables were described by 
number and percent. Also, t test was used to 
compare between readings of two scales. 
Pearson correlation coefficients were estimated 
to measure the association between CVM and 
chronological age, and the statistical 
significance was set when p value <0.05.  
Independent t test was used to compare 
between males and females. 

The difference between the means of 
chronological and estimated dental age was 
calculated. Positive result indicates an 
overestimation while the negative is 
underestimation.
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Table (1): Cervical vertebral maturation stages.  

Stages Characters 

 CS1 
The lower borders of the 3rdvertebrae are flat. The bodies of both the third and fourth 
cervical vertebrae (C3 and C4) are trapezoid shaped (the superior border of the vertebral 
body is tapered from posterior to anterior).  

 CS2 The lower border of the 2ndcervical vertebra (C2) is concave. The bodies of both C3 and 
C4 are still trapezoid-shaped.  

CS3 Concavities at the lower borders of both C2 and C3 are present. The bodies of C3 and C4 
can be either trapezoid or rectangular horizontal.  

 CS4 Concavities at the lower borders of C2, C3, and C4 now are present. The bodies of both 
C3 and C4 are rectangular horizontal.  

 CS5 
The concavities at the lower borders of C2, C3, and C4 still are present. At least 1 of the 
bodies of C3 and C4 is square. If not square, the body of the other cervical vertebra still 
is rectangular horizontal.  

 CS6 
The concavities at the lower borders of C2, C3, and C4 still are evident. At least 1 of the 
bodies of C3 and C4 is rectangular vertical. If not rectangular vertical, the body of the 
other cervical vertebra is square. 

CS1: Cervical stage 1; CS2: Cervical stage 2; CS3: Cervical stage 3; CS4: Cervical stage 4; CS5: Cervical stage 5; CS6: 
Cervical stage 6 (Quoted from Baccetti et al., 2005). 

 
 

 
 

Fig. (1): Schematic representation of the six stages of the 
Cervical vertebral maturation stages method (Quoted 
from Baccetti et al., 2005).  
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Results 
 

In the present study, a total of 149 
radiographs (68 boys and 81 girls) were 
analyzed. The age and gender distribution of 
the sample are shown in table (2). Age of 
patients ranged from 5.94 - 18.00 (11.70 ± 
11.70) years. However, their estimated ages by 
Willems' method ranged from 5.91 - 16.30 
(11.59 ± 2.43) years. The highest number of 
children was in age group 10 – 11 years old 
(16.8%), most of them were boys (19.1% of 
boys); and the least number of children  was 
those between 7 – 8 years old (2.7%), most of 
them were girls (3.7% of girls). When plotted 
to cervical maturation stages, the studied cases 
were mostly represented in stage 1 (32.2%); 
while least represented in stages 5 and 6 (8.7% 
each) as shown in table (3). 

Dental age estimated by Willem's method 
showed significant correlation with 
chronological age both in boys and girls 
(p<0.001) (Table 4). Mean values of 
chronological ages and estimated ages by 

Willems' method were described in table 5. 
There was significant agreement between 
chronological age and estimated dental age by 
Willem's method in all cervical maturation 
stages except in stage six for boys. Mean 
differences between estimated and 
chronological ages was - 0.01 years in girls and 
- 0.16 years in boys. The least difference 
between the means of chronological and 
estimated dental age was found in cervical 
stage three in both girls (- 0.002 years) and 
boys (0.07 years). Meanwhile the highest 
difference was - 0.86 years for boys in stage 
four.  

To show the gender effect, table 6 
showed that significant differences between 
boys and girls in estimated dental age by 
William's method were observed in stages 
three, five and six. 

The inter-observer reliability conducted 
on 20 subjects (10 boys and 10 girls) that were 
re-evaluated after an interval of at least 2 week, 
showed that Cronbach's Alpha test was 0.95 for 
dental estimation and 0.92 for cervical staging. 

 
Table (2): Age and sex distribution among the studied group (n=149). 

Sex 
Age groups 

Girls  Boys 
Total 

6-7 y 3 (3.7%) 3 (4.4%) 6 (4.0%) 
7-8 y 3 (3.7%) 1 (1.5%) 4 (2.7%) 
8-9 y 6 (7.4%) 4 (5.9%) 10 (6.7%) 
9-10 y 11 (13.6%) 6 (8.8%) 17 (11.4%) 

10-11 y 12 (14.8%) 13 (19.1%) 25 (16.8%) 
11- 12 y 14 (17.3%) 10 (14.7%) 24 (16.1%) 
12-13 y 10 (12.3%) 4 (5.9%) 14 (9.4%) 
13-14 y 6 (7.4%) 8 (11.8%) 14 (9.4%) 
14-15 y 8 (9.9%) 7 (10.3%) 15 (10.1%) 
15-16 y 5 (6.2%) 5 (7.4%) 10 (6.7%) 
16-18 y 3 (3.7%) 7(10.3%) 10(6.7%) 
Total 81 (100.0%) 68 (100.0%) 149 (100.0%) 
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Table (3): Sex distribution of the studied groups according to cervical stages (CVMI). 

 Stage 1 
n (%) 

Stage 2 
n (%) 

Stage 3 
n (%) 

Stage 4 
n (%) 

Stage 5 
n (%) 

Stage 6 
n (%) Total  

Boys  26 (38.2%) 13 (19.1%) 7 
(10.3%) 11 (16.2%) 7 

(10.3%) 
4 

 (5.9%) 
68 

(100.0%) 

Girls  22 (27.2%) 12 (14.8%) 14 (17.3%) 18 (22.2%) 6 
 (7.4%) 

9 
(11.1%) 

81 
(100.0%) 

Total 48 (32.2%) 25 (16.8%) 21 (14.1%) 29 (19.5%) 13 
(8.7%) 

13 
(8.7%) 

149 
(100.0%) 

n=number, %= percentage within sex. 

Table (4): Correlation between chronological age and estimated dental age by William's method. 

 
Boys  

(n=68) 

Girls  

(n=81) 

Total  

(n-149) 

r 0.939 0.922 0.931 

p <0.001* <0.001* <0.001* 
n: number, *: significant at p < 0.05. 

 

Table (5): Mean values of chronological ages, estimated dental age by William's method, mean 
difference values and test of agreement between chronological ages and estimated dental 
age of the studied group (n=149) in relation to cervical stages. 
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Table (6): Gender difference of estimated dental age by William's method in relation to cervical 
stages (CVMI) (n=149). 

95% confidence 
interval 

95% confidence 
interval CVMI  stages Mean difference 

between boys and girls p value 
Lower Upper  

Stage 1 0.62 0.3 -0.60 -0.60 
Stage 2 -0.34 0.6 -1.7 -1.7 
Stage 3 2.64 0.01* 0.62 0.62 
Stage 4 -0.29 0.5 -1.2 -1.2 
Stage 5 3.2 0.01* 0.75 0.75 
Stage 6 2.36 0.01* 0.609 0.609 

CVMI: cervical stages 
 

Discussion 
 

In forensic medicine, it is becoming 
increasingly necessary to have tools capable 
to estimate individual's age as accurate as 
possible. The present study tested the cervical 
vertebrae skeletal maturation as an indicator 
for chronological age. Results show that the 
range of age is wide and overlapping in each 
stage. So, it is not accurate to depend only on 
cervical maturation stages for age estimation 
especially in forensic investigations. Hence, 
dental age was estimated using Willem's 
method and correlated to each skeletal 
maturation stage. 

It was shown that dental age estimated 
by Willem's method has significant 
correlation with chronological age in all 
cervical stages. This augments previous 
results in Egyptian (El Bakary et al., 2010), 
Indian (Mohammed et al., 2014) and Turkish 
(Altan et al., 2016) populations. Willems' 
method showed under-estimation in boys by -
0.16 years and in girls by - 0.01 years. The 
least difference is - 0.002 y in girls in stage 
three while the highest is - 0.86 y in boys in 
stage four. In spite of over-estimation (0.15 
years) that was reported in more or less 
similar Egyptian population (El Bakary et al., 
2010), under-estimation encountered in the 
present work (although figures are nearly 

similar) may be due to relatively smaller sample 
size. 

Similarly, under aging assessed by 
Willems method was reported for both boys and 
girls in Bangladeshi and British Caucasians 
(Maber et al., 2006) and in Indians (Mohammed 
et al., 2014; Patnana et al., 2014). Meanwhile, 
over-estimation of age was reported by Mani et 
al. (2008) in Malays (0.55 and 0.41 years among 
boys and girls, respectively) and by Pinchiet al. 
(2012) in Italians. These differences may be due 
to difference in sample size, age groups, the age 
and sex distribution of the original study 
population and statistical methodologies 
(Mohammed et al., 2014). 

As previously reported for Malay (Ann et 
al., 2008), Egyptian (El Bakary et al., 2010) and 
Turkish (Altan et al., 2016) children, the present 
study showed that dental age estimation is more 
accurate in girls. On the other hand, better 
accuracy was reported in Iranian (Bagherian and 
Sadeghi, 2011) and in Belgian Caucasian 
(Willems et al., 2001) boys. 

The appearance of each stage is earlier in 
girls in CVMI stages three, five and six while 
boys have nearly the same range as girls in 
stages one, two and four. This may be due to 
faster skeletal development in adolescent girls as 
previously reports (Krailassiri et al., 2002; 
Mittal et al., 2011; Manica et al., 2013) or due to 
the relatively smaller number of boys compared 
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to girls in these stages. In the same time, 
dental age estimated by Willems' method 
shows significant faster dental development in 
girls compared to boys in cervical stages 
three, five and six. This faster development in 
girls especially in older age groups (10 – 17 
years) may be due to hormonal factors. 

It is important to realize that no age 
estimation  method will accurately determine 
the exact age for every individual since 
development naturally varies between 
individuals. Moreover, one should not restrict 
to only one age estimation technique, but to 
apply different techniques available 
(Mohammed et al., 2014). 

Based on the results of this research, it 
can be concluded that there is significant 
correlation between cervical vertebral skeletal 
maturation and chronological age. In the same 
time results suggest that CVM can give rough 
idea about age and accuracy will be enhanced 
if combined with dental age estimation. 
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 
  

  

   جامعة المنصورة-  كلیة الطب–قسم الطب الشرعي والسموم الإكلینیكیة 
 

  یوجѧѧد فѧѧي علѧѧم الطѧѧب الѧѧشرعي القلیѧѧل مѧѧن البیانѧѧات عѧѧن اسѧѧتخدام مراحѧѧل نѧѧضوج الفقѧѧرات العنقیѧѧة لتقѧѧدیر     
  واختبѧѧرت ھѧѧذه الدراسѧѧة نѧѧضوج الھیكѧѧل العظمѧѧي لفقѧѧرات    . العمѧѧر فѧѧي حѧѧین انѧѧھ كثیѧѧرا مѧѧا تѧѧستخدم الأسѧѧنان لѧѧذلك    

 و ٥،٩٤، تراوحت أعمارھم بین) فتاة٨١ فتى و ٦٨( فیلم أشعة ١٤٩وقد تم تحلیل   .العنق كمؤشر للعمر الزمني
  وفѧѧي . ھѧѧذا وقѧѧد تѧѧم تقѧѧدیر نѧѧضوج الھیكѧѧل العظمѧѧي لفقѧѧرات العنѧѧق وتقѧѧدیر العمѧѧر الѧѧسني بطریقѧѧة ویلѧѧیم       .  عѧѧام١٨

فیھ النتائج أن ھناك ارتباط كبیر بین كل من العمر الѧسني و نѧضوج الھیكѧل العظمѧي لفقѧرات          ھرتالوقت الذي اظ  
 الاعتمѧاد بمѧا یكفѧي لیѧتم    ا  تقدیر نضوج الھیكل العظمي لفقرات العنق لѧیس دقیقѧ     أنفقد وجد    ،العنق والعمر الزمني  

 ن طریقѧة ویلѧیم لتقѧدیر العمѧر الѧسني قѧد      أو قѧد وجѧد   . في تقدیر العمر خصوصا في تحقیقѧات الطѧب الѧشرعي       علیھ
ویمكѧن أن نخلѧص إلѧى أن تقѧدیر     .  سѧنة فѧي الأولاد  ٠،١٦ سѧنة فѧي الفتیѧات و   ٠،٠١قللت من العمر الزمني بنѧسبة       

بتقѧدیر   باقترانѧھ  نضوج الھیكل العظمي لفقرات العنق یمكن أن یعطي فكرة تقریبیة عن العمر ویمكѧن تعزیѧز دقتѧھ           
  .العمر السني

  


