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ABSTRACT 
Background:  Forensic  age  estimation  is  a  procedure  which 
utilises many methods to estimate the age of both living and 
deceased individuals, including those who have died in natural 
disasters or man-made catastrophes. The pattern and closure of 
spheno-occipital  synchondrosis  (SOS)  fusion,  along  with 
subchondral  ossification  of  the  mandibular  condyle,  can  be 
used to estimate age.
Aim and  objectives:  This  study  aims  to  estimate  age  using 
computed  tomographic  (CT)  images  of  spheno-occipital 
synchondrosis  fusion  (SOS)  and  mandibular  condylar 
cortication  (MCC),  and  to  correlate  these  findings  with 
chronological age.
Materials  and  methods:  The  present  study  included  435  CT 
images of individuals aged 10-25 years. SOS fusion was assessed 
using a  four-stage system,  and MCC was assessed bilaterally 
using a three-stage system on the sagittal plane. Data on fusion 
stages  and  cortication  types  were  entered  along  with 
chronological age, and then statistically analysed.
Results:  SOS fusion stage 2 occurred at similar  age in males 
(19.82 ± 2.67 years) and females (19.23 ± 2.93 years). Earlier fusion 
of other stages was observed in females by a mean age of 2 
years.  MCC  was  completed  1  year  earlier  in  females,  with 
statistically  significant  differences  (p  ≤  0.001).  When 
comparing cortication types and different fusion stages,  only 
type II cortication showed statistically significant differences 
compared to different fusion stages (p ≤ 0.001).
Conclusion:  Mandibular  condylar  cortication  (MCC)  and 
spheno-occipital  synchondrosis  (SOS)  fusion  were  positively 
correlated  with  chronological  age,  suggesting  that  these 
parameters  can  be  used  as  an  adjunct  method  for  age 
estimation.

INTRODUCTION 
Forensic personal identification (FPI) is a core area of forensic 
sciences and technologies. It deals with the development and 
implementation of appropriate techniques to identify live and 
recently deceased subjects, and decomposed human remains at 
a  crime scene for  criminal  investigation.1  Despite  significant 
advances  in  diagnostic  methods,  FPI  remains  a  challenging 
task,  especially  when  dealing  with  skeletal  remnants  or 
decomposing body parts. The identification of human remains 
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becomes  progress ive l y  cha l lenging  with 
increasing  postmortem  interval  (PMI)  due  to 
degradation  of  physical  characteristics,  further 
complicated by the influence of both biotic and 
abiotic factors on the decomposition process.[2, 3]

Primary  FPI  methods  include  fingerprint 
analysis, DNA profiling, and dental comparisons.
[4] However, these methods have limitations when 
analysing decomposed skeletal  remains or when 
antemortem  and  post-mortem  records  are 
unavailable.4,5 In these scenarios, anthropological 
techniques can be employed for the estimation of 
population  characteristics  including  age,  sex, 
stature,  and  ancestry,  along  with  individual 
identifiers such as moles and cicatrices scars. [6] 
Accurate  estimation  of  any  of  these  biological 
profiles is crucial for personal identification, as it 
narrows down the search for a missing person. 7
Bone age estimation is a reliable forensic tool, as 
demonstrated  by  both  quant i tat ive  and 
qualitative studies.  8  Previous studies have used 
cranial  suture  closure,  dentition,  epiphysis  and 
ossification centres, and the articulating surfaces 
of the ox coxae (pubic symphyses and auricular 
surface ) .  9  Methods  for  evaluating  these 
indicators  have  evolved,  with  computed 
tomography  (CT)  and  magnetic  resonance 
imaging  (MRI)  now being  used  in  addition  to 
other macroscopic and conventional radiographic 
examinations. 10

The  spheno-occipital  synchondrosis  (SOS),  also 
known as the basilar  suture,  is  a  growth center 
between the  occipital  and sphenoid  bones  that 
plays a role in the development of the craniofacial 
region. Due to its late ossification phase, it is a 
valuable source of both therapeutic and forensic 
data.  11  Forensic  age  estimation  by  considering 
the pattern and timing of SOS fusion can provide 
an upper and lower age limit in adolescents and 
aids in adult age estimation. 12 
Age  estimation  using  a  single  bone  is  found 
unreliable in previous studies. 13-14 Therefore, this 
study investigated the use of cortication around 
the condyle,  another reliable factor,  to estimate 
age. The development of the mandibular condyle 
is closely related to the development and growth 
of the mandible, with morphological changes in 
size and remodeling occurring at specific ages. 15 
A  recent  s tudy  demonst ra ted  that  the 
displacement of condylar cartilage by bony tissue 
is  not  observed  until  the  attainment  of  adult 
ske le ta l  matur i ty.  16  Asses sment  o f  the 
aforementioned  parameters  can  be  performed 

using  macroscopic  examinations  involving  a 
cadaver or radiographic examinations such as CT, 
MRI, CBCT, or a combination of any of these. 
17-20 However, CT scans provide the most precise 
and accurate images of these factors.  Bayrak et 
al. ,  21  evaluated  the  relationship  between 
mandibular condylar cortication (MCC), spheno-
occipital synchondrosis (SOS), and chronological 
age. As there can be variations among different 
populations  and  ethnic  groups,  this  study 
proposed  to  assess  the  correlation  between 
chronological  age,  SOS,  MCC using  computed 
tomography in the Indian population.

MATERIALS AND METHODS  
This was a retrospective cross-sectional study of 
435 individuals aged 10 to 25 years. CT scans were 
collected from the archives of a private medical 
institution  between  January  2023  till  July  2023. 
CT scans  were  acquired  using  a  256-slice  GE 
Revolution Evo® CT machine with the following 
protocol:  120kVp;  280  mAs;  window  level  of 
4000 AU; scan time of 12 s.
Continuous sagittal sections of thickness 0.1 mm 
with a field of view of 20-25 cm, showing the skull 
base and mandibular condyle, were included for 
assessment. The scans were exported in a tagged 
image  file  format  (*tiff),  blinding  the  patients’ 
demographic details, such as name, age, and sex, 
revealing the area of  interest  for assessment by 
two  observers.  This  study  was  conducted  in 
accordance  with  the  ethical  standards  of 
Dec la ra t ion  o f  He l s ink i ,  inc lud ing  a l l 
amendments and revisions. 22

This study included CT scans of patients with no 
evidence  of  congenital  or  developmental 
deformities  involving  the  skul l  base  and 
mandible;  no  history  of  previous  trauma  or 
treatment; and no technical errors, motion blur, 
or  artifacts.  The  CT scans  of  patients  with 
systemic  diseases  or  temporomandibular  joint 
d i sorders  were  exc luded .  Demographic 
characteristics  of  the  included  subjects  are 
described in the Table 1.

Measurement of parameters
Sagittal sections were selected as they reveal the 
complete  visibility  of  the  mandibular  condyle 
and  provide  insight  into  its  cortication  status. 
The degree  of  SOS fusion was  assessed in  the 
midsagittal plane because it was clearly visible in
that section. Two dentomaxillofacial radiologists 
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Table 1. Demographic details of the participants described in terms of number and percentage.

evaluated the SOS fusion and MCC based on the 
staging systems described by Franklin and Flavel et 
al., 23 and Bayrak et al., 24, respectively. To assess 
intra-observer  reliability,  one  observer  randomly 
assessed a sample of 100 CT images after a period 
of one month. MCC was assessed  based  on  three 

stage grading system as depicted in Figure 2
Type  I:  Absence  of  cortication  observed  on 
mandibular condyle.
Type II: Bone on the mandibular condylar surface 
appears at a lower density than structure around 
condyle (cortical areas).

Category n %

Gender

Male 284 65.3

Female 151 34.7

Total 435 100

Age Group 
(years)

Male

10-14 28 9.9

15-20 71 25.0

21-25 185 65.1

Total 284 100

Female

10-14 16 10.6

15-20 42 27.8

21-25 93 61.6

Total 151 100

Mandibular 
Condylar 

Cortication

Right

Type I 46 10.6

Type II 143 32.9

Type III 246 56.6

Total 435 100

Left

Type I 48 11.0

Type II 140 32.2

Type III 247 56.8

Total 435 100

Spheno-occipital 
synchondrosis

Stage 0 41 9.4

Stage 1 14 3.2

Stage 2 68 15.6

Stage 3 312 71.7

Total 435 100
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Type  III:  The  surface  of  mandibular  condyle 
appears  at  higher  or  similar  density  than 
surrounding cortical areas.
Four  stages  of  Spheno-occipital  synchondrosis 
fusion assessment as depicted in Figure 1.

Statistical analysis:
The stages of SOS fusion and MCC with respect 
to sex and chronological age were entered into 
Microsoft  Exce l®  software  (Microsoft , 
Redmond,  WA,  USA).  The  chronological  age 
was calculated by subtracting the date of birth 
from the  date  of  exposure.  Statistical  Package 
for the Social Sciences (SPSS) software (version 
22.0, SPSS Inc., Chicago, IL, USA) was used to 
perform  the  statistical  analysis.  Quantitative 
variables  were  represented  using  mean  and 
standard deviation whereas qualitative variables 
were expressed as numbers and percentages.
The  Kolmogorov-Smirnov  test  was  used  to 
assess  the  distribution  of  the  data  and  its 
normality.  One-way  ANOVA with  post  hoc 
Tukey’s  test  was  performed  to  determine  the 
difference between the stage of SOS fusion and 
MCC and sex in accordance with chronological 
age.  Linear  regression  analysis  and  Pearson 
correlation  tests  were  used  to  determine  the 
relationship  between  chronological  age,  sex, 
SOS  fusion,  and  MCC.  Inter-examiner  and 
intra-examiner  reliability  was  assessed  using 
C o h e n's  k a p p a  s t a t i s t i c s .  T h e  l e v e l  o f 
significance was set at 5% (p ≤ 0.05).

RESULTS 
Cohen's  kappa  coefficient  demonstrated 
substantial  inter-  and  intra-examiner  agreement 
in  assessing  mandibular  condylar  cortication 
(MCC) and spheno-occipital synchondrosis (SOS) 
(k = 0.78 and 0.81, respectively).
No sex- or side-specific differences were observed 
in the minimum age for type I MCC, which was 
10 years. Type II MCC began at 14 years in both 
sexes,  with  the  exemption  of  the  right  side  in 
males, where it began as early as12 years. 
Females exhibited Type III MCC onset 3 years 
earlier  (16  years)  compared  to  males  (19  years). 
Statistically  significant  differences  were  noticed 
for MCC across all types and sides, as detailed in 
the Table 2.
The minimum age for stage 0 and 2 fusion was 
identical for both males and females. However, 
stage 1 fusion occurred significantly earlier in 

females  compared  to  males,  with  a  mean 
difference  of  5  years  (p  ≤  0.001).  Notably, 
stage 3 fusion occurred significantly earlier in 
males  by  3  years  than females  (p ≤  0.001),  as 
shown in  Table  3.  These  findings  suggest  the 
existence of distinct and sex-specific timing of 
SOS fusion across various stages as depicted in 
Table 3.
This study examined the relationship between 
the different stages of SOS and MCC in both 
the  male  and  female  subjects  on  both  the 
sides.  On  right  side  of  MCC,  statistically 
significant  differences  were  observed in  both 
males  and  females  for  Type  II  MCC  and 
across  all  stages  of  SOS.  (p  ≤  0.001  and  p  = 
0.029,  respectively).  Notably,  females  lacked 
Stage 0 SOS with Type II and III MCC, while 
those  with Type I  MCC lacked Stage 2  SOS. 
Both  males  and  females  with  Type  III  MCC 
on  right  side  did  not  present  with  Stage  1 
SOS. Table 4 describes the mean values, along 
with  minimum  and  maximum  age  limits,  for 
different  stages  of  MCC  and  SOS.  Similarly, 
on  the  left  side,  statistical ly  significant 
differences  were  observed  in  both  sexes  for 
Type II MCC and across all stages of SOS. (p 
≤  0 . 0 0 1  a n d  p  =  0 . 0 1 8 ,  r e s p e c t i v e l y ) . 
Additionally,  Type I MCC and Stages of SOS 
(Stage  0,  1,  and  3)  revealed  a  statistically 
significant  difference  (p  =  0.002)  in  females. 
Notably,  females  showed an absence of  Stage 
0  SOS  in  Type  I  and  II  MCC,  while  those 
with Type I MCC lacked Stage 2 SOS. Stage 1 
SOS  was  absent  in  both  males  and  females 
with  Type III  MCC.  The mean values,  along 
with  minimum  and  maximum  age  limits,  for 
d i f f e r e n t  s t a g e s  o f  M C C  a n d  S O S  a r e 
described  in  Table  5.  A very  strong  positive 
correlation  was  observed  between  MCC  on 
the right and left  sides for both genders (p ≤ 
0 . 0 5 ) .  O t h e r  a s s e s s e d  p a r a m e te r s  a l s o 
exhib i ted  a  s t rong  pos i t ive  corre lat ion 
between them for both genders (see Table 6). 
This study evaluated the variation in the type 
of MCC on both sides in 246 images.  Type I 
MCC  was  observed  on  both  sides  in  all  but 
one image, where type II MCC was noted on 
the left side. In 9 of the 246 images with type 
III MCC, type II MCC was noted on the left 
side. Other possible variations in the types of 
MCC  between  the  right  and  left  sides  are 
described in Table 7. 
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Figure 1. Stage 0: Completely open. Stage 1: Closed superior border. Stage 2: Complete fusion with 
visible fusion scar. Stage 3: Complete fusion with no visible scar. 

Stage assessment system of Spheno-occipital synchondrosis devised by Franklin and Flavel.et al.23

Figure 2. Mandibular condylar cortication assessment based on 3-stage system devised by Bayrak et al. 24

Table 2. Types of MCC with respect to the sides and gender. Superscript a, b, and c represent type I, II, and III 
MCC, respectively Superscript ab, ac, and bc denotes association between type I, II, and III MCC based on post 
hoc analysis n - number of patients SD - Standard deviation Min - minimum, Max – maximum. ** denotes highly 

statistically significant difference (p ≤ 0.001) Statistical test used: One-way ANOVA with post hoc Tukey test.

Sex
Mandibula
r Condylar 

Cortication

Right Left
p

n Mean SD Min Max n Mean SD Min Max

Males

Type I ab, ac 32 12.84 3.18 10 24 33 12.76 3.09 10 24

≤0.001**
Type II bc 91 19.63 2.67 12 25 87 19.71 2.55 14 25

Type III 161 23.14 1.53 19 25 164 23.09 1.57 19 25

Total 284 20.85 3.93 10 25 284 20.85 3.92 10 25

Females

Type I ab, ac 14 10.93 1.07 10 13 15 11.47 2.37 10 19

≤0.001**
Type II bc 52 18.54 2.39 14 24 53 18.72 2.41 14 24

Type III 85 22.69 1.72 16 25 83 22.67 1.86 16 25

Total 151 20.17 4.03 10 25 151 20.17 4.03 10 25

Total

Type I ab, ac 46 12.26 2.85 10 24 48 12.35 2.91 10 24

≤0.001**
Type II bc 143 19.23 2.62 12 25 140 19.34 2.54 14 25

Type III 246 22.98 1.61 16 25 247 22.95 1.68 16 25

Total 435 20.62 3.97 10 25 435 20.62 3.97 10 25
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Table 3. Stages of SOS with respect to sex for included studies. n - number of patients.  SD - Standard 
deviation. Min - minimum, Max – maximum. ** denotes highly statistically significant difference (p ≤ 

0.001) Statistical test used: One-way ANOVA

Spheno-occipital 
synchondrosis n Mean SD Min Max p

Male

Stage 0 29 12.62 3.34 10 24

≤0.001**

Stage 1 12 16.67 1.44 15 19

Stage 2 33 19.82 2.68 14 25

Stage 3 210 22.39 2.28 10 25

Total 284 20.85 3.93 10 25

Female

Stage 0 12 10.83 0.94 10 13

≤0.001**

Stage 1 2 14.50 6.36 10 19

Stage 2 35 19.23 2.93 14 25

Stage 3 102 21.71 2.64 13 25

Total 151 20.17 4.03 10 25

Overall

Stage 0 41 12.10 2.96 10 24

≤0.001**

Stage 1 14 16.36 2.34 10 19

Stage 2 68 19.51 2.81 14 25

Stage 3 312 22.17 2.42 10 25

Total 435 20.62 3.97 10 25
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Table 4. SOS stages and its corresponding types of MCC on the right side. n - number of patients.  SD 
- Standard deviation. Min - minimum, Max – maximum. * stands for statistically significant values at p ≤ 

0.05. ** denotes highly statistically significant difference (p ≤ 0.001) Statistical test used: One-way 
ANOVA.

Mandibular 
Condylar 

Cortication

Spheno-occipital 
synchondrosis

Males
P

N Mean SD Min Max

Type I

Stage 0 25 12.16 3.00 10 24

0,137
Stage 1 4 15.50 1.00 15 17

Stage 2 1 16.00 - 16 16

Stage 3 2 14.50 6.36 10 19

Type II

Stage 0 3 13.33 1.16 12 14

≤0.001**
Stage 1 8 17.25 1.28 16 19

Stage 2 23 19.00 2.34 14 23

Stage 3 57 20.54 2.27 15 25

Type III

Stage 0 1 22.00 - 22 22

0,200Stage 2 9 22.33 1.66 19 25

Stage 3 151 23.19 1.52 20 25

Mandibular 
Condylar 

Cortication

Spheno-occipital 
synchondrosis

Female
p

n Mean SD Min Max

Type I

Stage 0 12 10.83 0.94 10 13

0,092
Stage 1 1 10.00 - 10 10

Stage 2 -

Stage 3 1 13 - 13 13

Type II

Stage 0 -

0.029*
Stage 1 1 19.00 19 19

Stage 2 23 17.57 1.85 14 21

Stage 3 28 19.32 2.55 14 24

Type III

Stage 0 -

0,549Stage 2 12 22.42 1.68 19 25

Stage 3 73 22.74 1.73 16 25
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Table 5. SOS stages and its corresponding types of MCC on the left side. n - number of patients.  SD - 
Standard deviation. Min - minimum, Max – maximum. * stands for statistically significant values at p ≤ 

0.05. ** denotes highly statistically significant difference (p ≤ 0.001) Statistical test used: One-way 
ANOVA.

.
Mandibular 

Condylar 
Cortication

Spheno-occipital 
synchondrosis

Males
p

N Mean SD Min Max

Type I

Stage 0 27 12.22 2.90 10 24

98
Stage 1 4 15.50 1.00 15 17

Stage 2 1 16.00 - 16 16

Stage 3 2 14.50 6.36 10 19

Type II

Stage 0 1 14.00 - 14 14

≤0.001**
Stage 1 8 17.25 1.28 16 19

Stage 2 25 19.04 2.46 14 23

Stage 3 53 20.51 2.31 15 25

Type III

Stage 0 1 22.00 - 22 22

237Stage 2 8 22.25 1.75 19 25

Stage 3 155 23.14 1.56 20 25

Mandibular 
Condylar 

Cortication

Spheno-occipital 
synchondrosis

Female
p

n Mean SD Min Max

Type I

Stage 0 12 10.83 0.94 10 13

0.002*
Stage 1 1 10.00 - 10 10

Stage 2 -

Stage 3 2 16.00 4.24 13 19

Type II

Stage 0 -

0.018*
Stage 1 1 19.00 - 19 19

Stage 2 24 17.71 1.94 14 21

Stage 3 28 19.57 2.52 14 24

Type III

Stage 0 -

806Stage 2 11 22.55 1.70 19 25

Stage 3 72 22.69 1.89 16 25
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Table 6. Correlation between the MCC on both sides, SOS, chronological age and gender. Statistical 
test used: Pearson Correlation. rp is Pearson correlation coefficient * denotes statistically significant 

values at p ≤ 0.05

Table 7. Variations in the types of MCC on right and left sides. 

DISCUSSION 
Establishing an individual’s identity is essential in 
cases of catastrophic events, such as manmade or 
natural  disasters.  25  Age  estimation  in  living 
individuals is of extreme importance in living or 
dead  individuals  for  various  purposes,  such  as 
identification, obtaining civil rights and benefits 
from  society,  and  medico-legal  purposes.  26 

Hence,  forensic  age  estimation  (FAE)  has 
become an integral part of the forensic medicine 
field that focuses on utilizing an accurate method 
of estimating the chronological age of the person. 27 
This helps in the identification of both living and 
deceased individuals and can be used to create a 
biological  profile  that  can  be  compared  to 
missing persons for the latter. 28

With  the  recent  surge  in  the  need  for 
identification  and  age  estimation  in  living 
indiv idua l s  for  l ega l  purposes ,  forens ic 
anthropology has been extended to include this 
area  of  study.  29  Age  estimation  procedures  are 
implemented to accurately categorize individuals 
as adults or children with protected legal status, 
ensuring  transparency  through  reproducible 

methodologies  and  verifiable  results  for  expert 
review and evaluation of clinical interpretations. 30

A variety  of  methods  can  be  used  to  estimate 
chronological  age,  including  height  and  weight 
measurements,  pubertal  status,  dentition,  and 
dental  findings.  31  While  these  methods  offer 
valuable  insights,  no  single  approach  can 
definitively  ascertain  chronological  age  with 
complete accuracy. 27 This highlights the need for 
novel approaches and improved accuracy in age 
estimation techniques.
The  expanding  role  of  computed  tomography 
(CT)  in forensic medicine extends beyond post-
mortem  examinations,  finding  application  in 
anthropological  studies  and  age  estimation  of 
living individuals. 32  Notably, integrating skeletal 
changes  revealed  by  CT scans  with  other  age-
related  indicators,  such  as  dental  development, 
enhances  the  accuracy  and  confidence  in  age 
estimation  compared  to  relying  solely  on 
traditional methods. 33

Kadesjö et al., 34 compared the effective dose of 
cone-beam computed  tomography  (CBCT)  and 
multislice  CT (MSCT)  for  temporomandibular 

MCC Right (rp) MCC Left (rp) SOS (rp)
Chronological 

age (rp)

Male Female Male Female Male Female Male Female

MCC Right (rp) 1 1 .934* .963* .723* .709* .815* .861*

MCC Left (rp) 1 1 .754* .694* .821* .836*

SOS (rp) 1 1 .785* .746*
Chronological 

age (rp)
1 1

MCC Left Side
Cortication 

type Type I (%) Type II (%) Type III (%) Total

MCC Right 
Side

Type I 45 (10.3) 1 (0.2) 0 46 (10.5)

Type II 3 (0.7) 130 (29.9) 10 (2.3) 143 (32.9)

Type III 0 9 (2.1) 237 (54.5) 246 (56.6)

Total 48 (11) 140 (32.2) 247 (56.8) 435 (100)
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j o int  (TMJ )  examinat ions  us ing 
thermoluminescent  dos imetr y  (TLD ) 
measurements.  Before  dose  optimization,  the 
bilateral effective dose was 184 µSv for CBCT and 
113  µSv  for  MSCT.  Following  optimization,  the 
CBCT dose  was  reduced  by  50%  compared  to 
MSCT, resulting in effective doses of 92 µSv and 
124  µSv,  respectively.  This  sug gests  that 
optimization strategies demonstrate considerable 
potential  for  significantly  reducing  radiation 
doses associated with both dentomaxillofacial CT 
and CBCT examinations.
Considerable  variation  in  the  closure  of  SOS 
among  males,  females,  and  different  ethnicities 
has  provoked  interest  in  the  research  field  to 
further assess the fusion degree as an accurate age 
estimation  method.  10  Also,  the  mandibular 
condyle, an integral component of the mandible 
varies according to sex with respect to its growth, 
de ve lopment ,  shape ,  o r  morpho log ica l 
appearance.  35  Developmental  changes,  such  as 
cortication can be detected on radiographs, and 
the assessment of these changes can be used to 
correlate with the age of the individual.
Assessment of SOS fusion was performed using a 
four-stage system devised by Franklin and Flavel 
et al., 23 utilizing CT in 312 Australian individuals. 
In males, the SOS was open (Stage 0) at a mean 
age  of  10.28  ±  3.30  years  and  complete  fusion 
(Stage  3)  occurred  at  mean  age  of  19.83  ±  2.94 
years.  In females,  the SOS was open at a mean 
age  of  8.62  ±  2.40  years,  and  complete  fusion 
(Stage 3)  occurred at a mean age of 18.62 ± 3.55 
years.  Other  fusion  stages  (stages  1  and 2)  also 
occurred earlier in females than in males.
Hisham et al., 36 assessed fusion of SOS using a 
four-stage system in a CT scans of 500 Malaysian 
individuals.  Stage  0  fusion  occurred  earlier  in 
females (9.33 ± 2.69 years) than in males (10.26 ± 
2.45 years). Stages 1 and 2 also occurred earlier in 
females than in males, by approximately 2 years 
and 1 year, respectively. Stage 3 fusion occurred at 
similar ages in both sexes, with mean age of 20.84 
±  2.84  years  in  males  and  19.78  ±  3.35  years  in 
females.
Two  Turkish  studies  assessed  the  SOS  using  a 
four-stage system on CT scans. 18, 37  Sinanoglu et 
al.,  18  found  that  stage  0  and  stage  2  fused  at 
similar age in males and females, whereas stage 1 
and  stage  3  fused  1-2  years  earlier  in  females. 
Kocasrac et al 37 found out that all fused earlier in 
females, except for stage 0, which fused earlier in 
males.

In  this  study,  the  SOS  fusion  stages  were 
generally earlier in females than in males. Stage 0 
fusion occurred approximately 2 years earlier in 
females  (10.83  ±  0.94 years)  than males  (12.62  ± 
3.34)  years. 23 Stage 1 and 3 fusion also occurred 
earlier  in  females,  by  1-2  years.  Stage  2  fusion 
occurred  at  similar  ages  in  males  and  females 
(19.82  ±  2.68  years  and  19.23  ±  2.93  years, 
respectively). Complete fusion (Stage 3) occurred 
at the age of 22.39 ± 2.28 years in males and 21.71 ± 
2.64  years  in  females.  The results  in  this  study 
correspond to previously published studies 18, 23, 36, 37 
that  showed  earlier  fusion  of  SOS  in  females, 
suggesting  that  females  attain  skeletal  maturity 
earlier than males do.
Lei  et  al.,  38  were  the  first  to  classify  the 
formation  of  cortical  bone  around  mandibular 
condyle using CBCT based on presence of a bony 
layer in the periphery of the mandibular condyle. 
They found that the initial signs of subchondral 
bone formation were seen at 12-13 years for girls 
and 13-14 years for boys, with complete cortical 
bone formation by  21  years  for  females  and 20 
years for males.
Bayrak  et  al.,  24  developed  a  novel  method  of 
mandibular  condylar  cort icat ion  (MCC ) 
classification, which identified three stages based 
on  the  density  difference  of  cortical  bone 
surrounding  the  mandibular  condyle  and  areas 
adjacent to condyle. Type I cortication was seen 
at a mean age of 14.14 years for males and 13.01 
years  for  females,  suggesting  that  there  is  no 
evidence  of  cortical  bone  formation below this 
age  category.  They  concluded  that  the  type  of 
MCC may vary for the same individual when the 
right and left sides are considered, and that the 
cortication process occurs later in males than in 
females.
Ma  et  al.,  39  investigated  the  morphology  and 
cortication of the mandibular condyle using cone-
beam computed tomography (CBCT) from 1010 
temporomandibular  joints  (TMJ).  They  found 
that  the  majority  of  mandibular  condyles 
exhibited a planar morphology anteriorly, while a 
convex  morphology  was  more  preva lent 
posteriorly. The mean age for males and females 
with no evidence of  cortication was 15.11  ±  2.71 
and  14.25  ±  2.60  years,  respectively.  Complete 
cortication  of  the  mandibular  condyle  was 
observed at a mean age of 23.63 ± 3.36 years for 
males and 23.86 ± 3.73 years for females.
MCC was assessed on both sides  in  this  study. 
Irrespective of  the side,  Type I cortication was 
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seen at  a  mean age of  12-13  years  in  males  and 
10-11 years in females.  MCC was complete at a 
mean  age  of  23  years  in  males  and  22  years  in 
females. These results are consistent with those 
reported by Lei et al., [38], Bayrak et al., 24, and 
Ma et al. 39

Seo  et  al.,  40  assessed  the  cortication  of  the 
mandibular condyle using Cone Beam Computed 
Tomographic  (CBCT)  images  of  829  Korean 
individuals. The prevalence of no cortication was 
higher  in  males  (30.84%)  compared  to  females 
(19.74%).  Conversely,  females exhibited a higher 
prevalence  of  complete  cortication  (35.59%) 
compared  to  males  (26.48%).  These  findings 
suggest  sex-based  differences  in  mandibular 
condyle  cortication  patterns,  potential ly 
influencing susceptibility  to  temporomandibular 
joint disorders.
Bayrak  et  al.,  21  were  the  first  to  assess  the 
relationship  between  SOS  fusion  stages  and 
different types of MCC using CBCT. They found 
a positive correlation between these parameters, 
with statistically significant differences for both 
males and females. Similarly, in this study, a very 
strong  positive  correlation  was  seen  for  both 
sexes between right- and left-side MCC and SOS, 
as well as between chronological age, sex, and the 
measured parameters.  This  suggests  that  MCC, 
along with SOS fusion, can be used as a reliable 
method for estimating age.
The findings from this study converge with the 
previous study 41  on the promising use of these 
parameters  in  forensic  settings,  with  a  key 
strength  being  their  consistent  results  across 
observers.  The  authors  acknowledge  that  the 
health,  nutrition,  growth,  and  developmental 
status of bones, as well as ethnicity, can influence 
the  closure  of  the  SOS.  This  can  impart 
variability  with  respect  to  age;  hence,  this 
method should  be  used  as  an  adjunct  to  other 
more  accurate  a ge  est imat ion  methods . 
Additionally, the limited sample size and uneven 
distribution of age groups among ethnicities may 
limit the generalizability of the findings.
Future studies should include an equal number of 
individuals in both groups to accurately compare 

the  differences  in  age  for  closure  of  spheno-
occipital  synchondrosis  as  well  as  mandibular 
condylar  cortication.  Additionally,  an  improved 
sample  size  with  more  data  from  studies  that 
u t i l i zed  computed  tomography  for  the 
assessment  of  both  parameters  in  the  Indian 
population  is  needed  to  create  a  population-
specific dataset for future forensic purposes. 

CONCLUSION 
This  study  evaluated  the  reliability  of  the  SOS 
and  MCC  for  age  estimation  which  was 
demonstrated by the positive correlation between 
chronological age, sex,  and assessed parameters, 
thereby  revealing  it  to  be  used  reliably  for  age 
estimation.  Calculating  an  age  range  of  the 
included individuals  for  various  stages  of  MCC 
and SOS based on maximum and minimum ages 
can be considered. To assess the generalizability 
of  these  f indings  and  explore  potent ia l 
population-specific variations, further research is 
warranted  comparing  these  observations  across 
diverse demographic subsets. Additionally, future 
studies should investigate the potential of cone-
beam  computed  tomography  (CBCT)  as  a 
comprehensive  imaging  modality  for  evaluating 
the mandibular condyle and middle cranial fossa.

ACKNOWLEDGMENT 
The authors would like to acknowledge Dr. Ram 
Surath Kumar K, Master of Dental Surgery in the 
Department of  Public  Health Dentistry  for  his 
valuable  contribution  and  insights  to  the 
statistical analysis

Statements and Declarations: 
Funding:  The  authors  did  not  receive  support 
from any organization for the submitted work.
Conflict  of  Interest:  The  authors  declare  that 
they  do  not  have  no  conflict  of  interest.  This 
research is original and has never been published
Compliance  with  Ethical  Standards:  This 
retrospective  study  was  conducted  on  patients 
who underwent routine radiological investigation. 
Consent was obtained from all patients prior to 
radiographical exposure. 

                                                                                                                                                                                                              
REFERENCES 
1. Nikam  SS,  Gadgil  RM,  Bhoosreddy  AR,  Shah  KR, 

Shirsekar VU. Personal  identification in forensic science 
using uniqueness of radiographic image of frontal sinus. J 
Forensic Odontostomatol. 2015;33:1.

2. Wescott  DJ.  Recent  advances  in  forensic  anthropology: 
decomposition research. Forensic Sci. Res. 2018;3:278-93. 
 https://doi.org/10.1080/20961790.2018.1488571. 

3. Miles  KL,  Finaughty  DA,  Gibbon  VE.  A review  of 
experimental design in forensic taphonomy: moving  

25



JFOS - Journal of Forensic Odonto-Stomatology  Vol 42 n. 1 - Apr - 2024

towards forensic realism. Forensic Sci. Res. 2020;5:249-59. 
https://doi.org/10.1080/20961790.2020.1792631

4. Dahal  A,  McNevin  D,  Chikhani  M,  Ward  J.  An 
interdisciplinary  forensic  approach  for  human remains 
identification  and  missing  persons  investigations. 
WIREs. Forensic  sci.  2023  23;5  (.http://dx.doi.org/
10.1002/wfs2.1484.

5. Debnath N,  Gupta  R,  Nongthombam RS,  Chandran P. 
Forensic  odontology.  J.  Med.  Soc.  2016  1;30:20-3.  http://
dx.doi.org/10.4103/0972-4958.175794.

6. Krishan K, Chatterjee PM, Kanchan T, Kaur S, Baryah N, 
Singh RK. A review of sex estimation techniques during 
examination of skeletal remains in forensic anthropology 
casework. Forensic Sci. Int. 2016;261:165.e1-165.e8. http://
dx.doi.org/10.1016/j.forsciint.2016.02.007.

7. Austin D, King RE. The Biological Profile of Unidentified 
Human Remains in a Forensic Context.  Acad. Forensic 
Pathol. 2016;6:370–90. http://dx.doi.org/10.23907/2016.039.

8. Mughal AM, Hassan N, Ahmed A. Bone age assessment 
methods: a critical review. Pak. J. Med. Sci. 2014;30:211. 
http://dx.doi.org/10.12669/pjms.301.4295.

9. El-Barrany UMI, Ismail MMED, Adly M. Estimation of 
Age from Spheno-Occipital Synchondrosis Closure Using 
Computed  Tomography  in  Yemen.   Egypt.  J.  Forensic 
Appl.  Toxicol  2012;12(2) :75–89.  http://dx.doi.org/
10.12816/0005083.

10. Zhang M. Forensic Imaging: A Powerful Tool in Modern 
Forensic Investigation. Forensic Sci. Res. 2022 7;7:385–92. 
http://dx.doi.org/10.1080/20961790.2021.2008705.

11. Kanchan  T,  Krishan  K.  Evaluation  of  spheno-occipital 
synchondrosis:  A review of  literature and considerations 
from forensic  anthropologic  point  of  view.  J.  Forensic 
Dent. 2013;5:72. http://dx.doi.org/10.4103/0975-1475.119764.

12. Pate  RS,  Tingne  CV,  Dixit  PG.  Age  determination  by 
spheno-occipital  synchondrosis  fusion in  Central  Indian 
population.  J  Forensic  Leg  Med.  2018;54:39–43.  http://
dx.doi.org/10.1016/j.jflm.2017.12.013.

13. Satoh  M.  Bone  age:  assessment  methods  and  clinical 
applications.  Clin  Pediatr  Endocrinol.  2015;24:143–52. 
http://dx.doi.org/10.1297/cpe.24.143.

14. 14. Priya E. Methods of Skeletal Age Estimation used by 
Forensic Anthropologists in Adults: A Review. Forensic res. 
criminol.  int.  j.  2017  20;4.  http://dx.doi.org/10.15406/
frcij.2017.04.00104.

15. Mizoguchi I, Toriya N, Nakao Y. Growth of the mandible 
and biological characteristics of the mandibular condylar 
cartilage.  Jpn  Dent  Sci  Rev .  2013;49:139–50.  http://
dx.doi.org/10.1016/j.jdsr.2013.07.004.

16. Renders GAP, Mulder L, van Ruijven LJ, van Eijden TMGJ. 
Degree and Distribution of Mineralization in the Human 
Mandibular Condyle. Calcif. Tissue Int. 2006;79(3):190–6. 
http://dx.doi.org/10.1007/s00223-006-0015-5.

17. Kassim S,  Bahari  MF.  Age  estimation  by  the  spheno-
occipital  synchondrosis  assessment  through  computed 
tomography  scan.  Healthscope:  The  Official  Research 
Book of Faculty of Health Sciences, UiTM. 2019;1.

18. Sobh  ZK,  Mohamed  AS.  A Computed  Tomographic 
Analysis  of  Spheno-Occipital  Synchondrosis  Ossification 
for  Age  Est imation  in  a  Sample  of  Egy ptians . 
Am. J. Forensic Med. Pathol. 2020 18;42:235–42. http://
dx.doi.org/10.1097/paf.0000000000000645.

19. Ekizoglu O, Hocaoglu E, Can IO, Inci E, Aksoy S, Sayin I. 
Spheno-occipital synchondrosis fusion degree as a method 

to estimate age: a preliminary, magnetic resonance imaging 
study.  Aust  J  Forensic  Sci ;48(2):159-70.  https://doi.org/
10.1080/00450618.2015.1042047 

20.Sinanoglu A, Kocasarac HD, Noujeim M. Age estimation 
by  an  analysis  of  spheno-occipital  synchondrosis  using 
cone-beam  computed  tomography.  Leg.  Med;18:13-9. 
https://doi.org/10.1016/j.legalmed.2015.11.004 

21. Bayrak  S,  Bulut  DG.  Relationship  between  condyle 
cortication,  sphenooccipital  synchondrosis,  and 
chronological age. Oral Radiol;36(2):190-6. https://doi.org/
10.1007/s11282-019-00398-x.

22. World  Medical  Association  Declaration  of  Helsinki. 
JAMA;310:2191. http://dx.doi.org/10.1001/jama.2013.281053.

23. Franklin  D,  Flavel  A.  Brief  Communication:  Timing  of 
spheno-occipital  closure in modern Western Australians. 
Am. J. Phys. Anthropol  29;153(1):132–8.  http://
dx.doi.org/10.1002/ajpa.22399.

24.Bayrak S, Halıcıoglu S, Kose G, Halıcıoglu K. Evaluation of 
the relationship between mandibular condyle cortication 
and  chronologic  age  with  cone  beam  computed 
tomography.  J  Forensic  Leg  Med;55:39–44.  http://
dx.doi.org/10.1016/j.jflm.2018.02.014

25. M S, Bagewadi A, Lagali-Jirge V, S LK, Panwar A, Keluskar V. 
Reliability of gender determination from paranasal  sinuses 
and its  application in forensic identification-a systematic 
review  and  meta-analysis.  Forensic  Sci  Med  Pathol. 
;19(3):409-39.http://dx.doi.org/10.1007/s12024-022-00520-2.

26. Aggrawal A. Estimation of age in the living: in matters civil 
and  criminal.  J.  Anat.  2009;  http://dx.doi.org/10.1111/
j.1469-7580.2009.01048.x.

27. Santoro V,  De Donno A,  Marrone M, Campobasso CP, 
Introna F. Forensic age estimation of living individuals: A 
retrospective  analysis.  Forensic  Science  International. 
2009 Dec;193(1–3):129.e1-129.e4.  http://dx.doi.org/10.1016/
j.forsciint.2009.09.014.

28. T J, Keluskar V, M S, S LK, Fernandes A. Correlation of 
chronological  age  with  dental  age  estimated  using 
modified  Cameriere’s  method  and  UT-age  estimation 
software  —  a  cross-sectional  study.  Egypt.  J.  Forensic 
Sci;13(1). http://dx.doi.org/10.1186/s41935-023-00324-7.

29. Ubelaker  DH,  Khosrowshahi  H.  Estimation  of  age  in 
forensic  anthropology:  historical  perspective  and recent 
methodological advances. Forensic Sci. Res . 2019 2;4:1–9. 
http://dx.doi.org/10.1080/20961790.2018.1549711.

30. Thevissen P, Kvaal SI, Dierickx K, Willems G. Ethics in 
age  estimation  of  unaccompanied  minors.  J  Forensic 
Odontostomatol .2012;30:85-102.

31. Schmeling  A,  Geserick  G,  Reisinger  W,  Olze  A.  Age 
estimation. Forensic Sci Int;165 (2-3):178-81. https://doi.org/
10.1016/j.forsciint.2006.05.016.

32. Ishii N, Makino Y, Fujita M, Sakuma A, Torimitsu S, Chiba 
F, Yajima D, Inokuchi G, Motomura A, Iwase H, Saitoh H. 
Assessing age-related change in Japanese mental foramen 
opening  direction  using  multidetector  computed 
tomography. J Forensic Odontostomatol. 2016;34:11.

33. Kvaal  SI,  Bjørk  MB.  CT and MR imaging  used in  age 
est imat ion:  a  systemat ic  rev iew.  J  Forens ic 
Odontostomatol. 2018;36:14-25.

34. Kadesjö N, Benchimol D, Falahat B, Näsström K, Shi XQ. 
Evaluation of  the  effective  dose  of  cone  beam CT and 
multislice CT for temporomandibular joint examinations 
at optimized exposure levels. Dentomaxillofac Radiol.2015  
Oct;44:20150041. http://dx.doi.org/10.1259/dmfr.20150041.

26



JFOS - Journal of Forensic Odonto-Stomatology  Vol 42 n. 1 - Apr - 2024

35. Singh B, Kumar NR, Balan A, Nishan M, Haris PS, Jinisha 
M, et al. Evaluation of Normal Morphology of Mandibular 
Condyle: A Radiographic Survey. J Clin Imaging Sci. 2020 
17;10:51. http://dx.doi.org/10.25259/jcis_84_2020.

36. Hisham S, Flavel A, Abdullah N, Noor MHM, Franklin D. 
Quantification of spheno-occipital synchondrosis fusion in a 
contemporary Malaysian population. Forensic Sci Int;284:78–
84. http://dx.doi.org/10.1016/j.forsciint.2017.12.046.

37. Demirturk  Kocasarac  H,  Sinanoglu  A,  Noujeim  M, 
Helvacioglu Yigit D, Baydemir C. Radiologic assessment of 
third molar tooth and spheno-occipital synchondrosis for 
age estimation: a multiple regression analysis study. Int J 
Legal  Med;130(3):799–808.  http://dx.doi.org/10.1007/
s00414-015-1298-8.

38. Lei  J,  Liu  MQ,  Yap AU,  Fu  KY.  Condylar  subchondral 
formation of cortical bone in adolescents and young adults. 
Br J Oral Maxillofac Surg;51(1):63-8. https://doi.org/10.1016/
j.bjoms.2012.02.006.

39. Ma RH, Feng JL, Bornstein MM, Li G. Relationship 
between development of the condylar cortex and the 
changes  in  condyle  morphology :  a  cone -beam 
computed  tomography  (CBCT)  observational  study. 
Quant.  Imaging.  Med. 2023;13:2388–96.  http://
dx.doi.org/10.21037/qims-22-891.

40.Seo  YS,  Park  HJ,  Yu  SK,  Jeong  SR,  Ryu  JW. 
E v a l u a t i o n  o f  C o r t i c a l  B o n e  Fo r m a t i o n  o n 
Mandibular  Condyle  in  Asymptomatic  Adolescents 
and  Young  Adults  Using  Cone-Beam  Computed 
Tomography.  Life.  2022  5;12:2032.  http://dx.doi.org/
10.3390/life12122032.

41. Sethna  Muthlakshmi  K,  Krithika  C,  Asokan  K. 
Evaluation and correlation of condylar cortication by 
cone-beam  computed  tomography:  A retrospective 
study.Contemp. Clin. Dent.2022;13 :30.http: / /
dx.doi.org/10.4103/ccd.ccd_341_20 

27


