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Abstract
Background: Spheno-occipital synchondrosis is a growth center 
that is involved in craniofacial development. Since osteogenesis of 
this synchondrosis occurs relatively later than other synchondroses, it 
has been taken into account for age estimation in forensics. This study 
aimed to evaluate spheno-occipital synchondrosis using Cone-Beam 
Computed Tomography (CBCT) in an Iranian population. 
Methods: In this cross-sectional study, 148 CBCT images (76 women 
and 72 men) of patients aged 7-25 years, with a mean age of 19.92±6.3 
years, were assessed by two radiologists to analyze the spheno-
occipital synchondrosis fusion degree using a four-stage system. In 
addition, the third molar development degree (Demirjian index) was 
assessed in panoramic and cross-sectional views of CBCT images. 
The correlation between spheno-occipital synchondrosis fusion degree 
and age was obtained. Multiple regression analysis was used for age 
estimation using spheno-occipital synchondrosis fusion degree and 
third molar development degree (Demirjian index). Intra-observer and 
inter-observer coefficients of agreements were also measured. IBM 
SPSS Statistics 20.0 was used. 
Results: There was a positive correlation between spheno-occipital 
synchondrosis fusion degree and age (r=0.75, p<0.001). The multiple 
regression model provides a more robust model than when each age 
marker is utilized individually. The kappa coefficient was 0.53 for 
inter-observer agreement and 0.77-0.92 for intra-observer agreement. 
Conclusion: Assessing the four-stage spheno-occipital synchondrosis 
fusion degree was not a robust method; however, combined with the 
third molar development (Demirjian index), it could be considered 
as an appropriate marker for age estimation in 7-25-year-old Iranian 
population. 
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Analysis, Spiral Cone-Beam Computed Tomography
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Introduction 
There are numerous situations and conditions that 
require the knowledge of a person’s real age which 
is important in forensics and the medical profession 
(1). The main reasons for age estimation include the 
identification of unidentified corpses in forensics 
and cases about which there is no legal document on 
birthdate (2). From a legal point of view, determining 
the legal age is important for judicial prosecutions 
and legal decisions. The age range of 14-21 years is 
considered legal age in various countries (3). There 
are various methods and measurements for age 
estimation. Age estimation based on tooth growth and 
development is an accepted method (4). Hand and 
wrist radiography is another method of age estimation 
(5). Evaluation of sternum, clavicle, and first rib 
cartilage (6,7), pubic bone analysis (8), magnetic 
resonance imaging of tibia bone and heel bone (9), 
sagittal suture analysis (10), assessment of femoral 
bone mineral density and artificial neural networks 
(11) and DNA analysis (12) are other methods of age 
estimation. Another method that has recently been 
taken into consideration is the analysis of spheno-
occipital synchondrosis (1,13,14). Spheno-occipital 
synchondrosis is a pivotal growth center that is 
involved in craniofacial development, particularly in 
the dentofacial region (15). The depth and height of the 
face are increased with a rise in the growth of spheno-
occipital synchondrosis (3). Since osteogenesis of 
spheno-occipital synchondrosis occurs relatively later 
than other cranial base synchondroses that go through 
osteogenesis before birth or in early childhood (16,17), 
spheno-occipital synchondrosis fusion degree has 
been considered the center of attention for forensic 
studies (1). Three methods, including macroscopy, 
conventional radiography, and computed tomography 
are used to evaluate spheno-occipital synchondrosis 
(3). Conventional radiography is an inexpensive 
and accessible method to diagnose spheno-occipital 
synchondrosis closure, but it has drawbacks such as 
low resolution and superimposition (3). Considered 
a 3D imaging modality with high resolution, 
Cone-Beam Computed Tomography (CBCT) can 
eliminate superimpositions (18) and reduce the 
radiation dose and cost compared with CT scans (19). 
The major problems of age estimation methods are 
the presence of racial and developmental differences 

among populations and the lack of standardization 
of these methods for any population (3,20). Studies 
on spheno-occipital synchondrosis closure among 
different populations have indicated the effect of 
racial variations on the closure of this synchondrosis 
(16,21,22). Considering age estimation in forensics 
and the effect of racial differences on the anatomy, and 
that there are few studies on age estimation by spheno-
occipital synchondrosis using CBCT, the aim of this 
study is to assess the spheno-occipital synchondrosis 
for age estimation in an Iranian population. 

Materials and Methods
In this cross-sectional study, all CBCT images of the 
maxillofacial region of patients aged 7-25 years at the 
archive of the Department of Oral and Maxillofacial 
Radiology, Isfahan School of Dentistry from 2011 
to 2017 were studied. Ethical approval of the 
present study was obtained from the local research 
ethics committee (IR.MUI.REC.1396.3.880). The 
exclusion criteria consisted of the absence of patients’ 
demographic information in the archive, poor quality 
of CBCT images, patients with cranial changes or 
growth disorders, and abnormal morphology due to 
trauma and pathologic conditions that potentially 
affect the spheno-occipital synchondrosis. Patients’ 
information, including age and gender, was extracted 
from the archive and encoded. CBCT images taken by 
Galileos Comfort 3D imaging (Sirona Dental System 
Inc., Bensheim, Germany) with flat panel PST detector 
and the following parameters were included. The 
parameters encompass a maximum of 85 kV, 14-35 
mAs, 15×15 cm Field of View (FOV), 206° rotation, 
and isotropic voxel size of 0.288 mm. After calibration, 
two oral and maxillofacial radiologists scored the 
spheno-occipital synchondrosis fusion degree. A four-
stage system (16) was used to rate spheno-occipital 
synchondrosis fusion degree (Table 1, Figure 1). To 
observe the spheno-occipital synchondrosis fusion 
degree, the images were analyzed in multiplanar 
view. First, the image indicator in coronal view 
was set on the sphenoid bone crest and ethmoid 
bone crista galli to determine the midline. Then, 
the synchondrosis region was studied in the sagittal 
view. Further, an oral and maxillofacial radiologist 
observed the CBCT images and determined the third 
molar development degree based on the eight-stage 
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Demirjian index (23) (Table 2). To observe the third 
molar development (Demirjian index), CBCT images 
in panoramic and cross-sectional views were used to 
study the roots more accurately. All the images were 
observed on a 21-inch EIZO Medical LCD monitor 
with 1600×1200 resolution under dim light conditions 
using GALAXIS Viewer version 1.944 (ID2) (SICAT 
GmbH & Co.KG) software.  Statistical analyses 
were done by IBM SPSS Statistics, Version 20.0. 
(Armonk, NY: IBM Corp). The descriptive results 
were expressed as mean, distribution percentage, 
and standard deviation. The correlation of age with 
spheno-occipital synchondrosis fusion degree and 
Demirjian index was analyzed by the Spearman 
correlation coefficient test. Multiple regression 
analysis was used to estimate age by spheno-occipital 
synchondrosis fusion degree and Demirjian index. 
Inter-observer and intra-rater agreements were 
checked by Cohen’s Kappa test. To obtain the intra-
rater coefficient of agreement, 20 CBCT images were 
randomly selected and studied after two weeks. The 
agreement rate was as follows: 0.40=poor agreement, 

0.40-0.59=moderate agreement, 0.60-0.74=good 
agreement, and 0.75-100=very good agreement (24). 
p<0.05 was considered significant for all the tests.  

Results
A total of 148 participants were included in the 
present study, 76 (51.4%) females and 72 (48.6%) 
males. The mean age was 19.92±6.3. The maximum 
and minimum distribution rates of spheno-occipital 
synchondrosis fusion degree were found for Stage 3 
(68.2%) and Stage 0 (8.8%), respectively (Table 3). 
There were positive correlations between spheno-
occipital synchondrosis fusion degree and age (r=0.75, 
p<0.001), Demirjian index and age (r=0.80, p<0.001), 
as well as Demirjian index and spheno-occipital 
synchondrosis fusion degree (r=0.76, p<0.001). 
In the linear regression model where only spheno-
occipital synchondrosis fusion degree was used as 
an independent variable for age estimation, R2 was 
found to be 0.67. Moreover, in the linear regression 
model where the Demirjian index was used as an 
independent variable for age estimation, R2 was equal 

Stage 0 Stage 1 Stage 2 Stage 3

Figure 1. Radiographic images depicting the fusion process of spheno-occipital synchondrosis in four stages.

Table 1. Definition of four stages of spheno-occipital synchondrosis fusion

Stage Definition

Stage 0 
(No fusion)

Completely open synchondrosis; no fusion between basilar part of the occipital 
bone and sphenoid bone, no bone in the gap.

Stage 1
(Intracranial fusion) Fusion is less than half of the length of synchondrosis as intra- extra-cranial

Stage 2
(Extra-cranial fusion)

Fusion is more than half of the length of synchondrosis without extra-lateral 
(lower) cranial fusion.

Stage 3 
(Complete fusion)

Complete fusion of bones without any abnormality in structure and a fusion scar 
may be present.

Spheno-Occipital Synchondrosis and Age Estimation
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to 0.72 In the multiple regression model, spheno-
occipital synchondrosis fusion degree and Demirjian 
index were considered as independent variables for 
age estimation. The results of the analysis showed R2 
value was 0.75 (Table 4). In addition, the following 

formula was obtained for age estimation: 
Age=3.88 + 1.95 × fusion degree + 1.69 × Demirjian 
index     
Inter-observer Kappa coefficient for spheno-occipital 
synchondrosis fusion degree was 0.53, which was 

Table 2. Definition of third molar development degree based on the eight-stage Demirjian index

Stage Radiographic images Definition

A Calcification is initiated at the upper parts of the follicle. There is no bonding 
between the calcified points. 

B Calcified points are bonded, causing the formation of an occlusal surface. 

C Expansion and convergence of the enamel towards the teeth, start of dentinal 
deposition. 

D Crown is formed completely up to enamel-cement bonding. 

E
Pulp chamber walls are changed into a straight line, and pulp space is 

generally larger than in the previous stage. The height of the crown exceeds 
the length of the root.

F
Pulp chamber walls are like an isosceles triangle. The end of the apex is cone-

shaped. The length of the root is either equal to or greater than the height of 
the crown.

G Root walls are parallel, and the end of the apex is still relatively open. 

H The end of the root apex is completely closed, and a periodontal ligament with 
equal thickness is seen around the root and apex. 
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332332 Volume 7  Number 2  Spring 2024

in the moderate-good range. Intra-observer Kappa 
coefficients for spheno-occipital synchondrosis 
fusion degree for the first and second observers 
were 0.92 and 0.77, respectively, which were in the 
good-very good range. 

Discussion
The importance of age estimation in forensics has 
increased in recent years. Identification of corpses, 
prosecution, and identification of asylum seekers 
without a valid document are important factors 
involved in age estimation. In addition, the calendar 
age is significant in most societies with regard to 
social rights, school attendance, employment, and 
marriage. It has been known that age analysis is 
much more accurate among young people since they 
have more predictable developmental markers in 
their skeleton (such as tooth development, skeletal 

growth, and maturity). Due to fewer developmental 
indicators in adults, age estimation has been of 
interest with respect to bone and tooth changes (13). 
Further, the emergence of new technologies has 
provided new opportunities in this regard. CBCT 
has rapidly changed into a gold standard for the 
analysis of tooth and bone development in forensics 
(14). The present study investigated the estimation 
of age through the fusion degree of spheno-occipital 
synchondrosis and Demirjian index among a 
7-25-year-old Iranian population. In anthropometric 
analysis, the sample size is an important index since 
it has to be enough to represent the population and 
yield acceptable results to be used in legal cases. 
Extensive variations have been found in the sample 
size of studies on spheno-occipital synchondrosis 
development. Furthermore, the distribution of 
samples is relatively important because the mean age 

Table 4. The multiple regression model parameters used for estimating age 
Spheno-occipital 

synchondrosis fusion degree 
and Demirjian index

Demirjian index
Spheno-occipital 

synchondrosis fusion 
degree

Regression model

128.64*221.52*302.27*F

0.750.720.67R2

0.740.710.67Adjusted R2

3.163.333.63SEM

3.88*Constant
1.95*Fusion

1.69*Demirjian

3.97 *Constant
2.41* Demirjian

7.24*Constant
5.27*FusionNon-standardized

1.82-5.93 Constant
1.95-3.13 Fusion

1.17-2.22 Demirjian

1.81-6.14 Constant
2.08-2.73 Demirjian

5.69-8.80 Constant
4.67-5.87 Fusion

95% confidence 
interval

SEM standard error of the mean, F significance of the model, R2 appropriateness of data in the statistical model, *p<0.05.

Table 3. Frequency distribution and the mean age for spheno-occipital synchondrosis fusion degrees

 Year (Mean±SD)Female (%)Male (%)PercentFrequencyStage

8.6±1.953.846.28.8130

11.3±2.733.366.710.2151

16.9±3.047.452.612.8192

23.2±3.954.545.568.21013

19.92±6.351.448.6100148Total
0 no fusion, 1 intracranial fusion, 2 extra-cranial fusion, 3 complete fusion.

Spheno-Occipital Synchondrosis and Age Estimation
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of spheno-occipital synchondrosis stages is relatively 
dependent on the age range of the study samples 
(1). For instance, various results have been obtained 
regarding the completely open spheno-occipital 
synchondrosis among different populations. Bassed 
et al (25) carried out a study on the 15-25-year-old 
Australian population and reported only one case of 
open synchondrosis at age 16. However, Franklin 
and Flavel (16) reported a mean age of 10.3 and 
8.6 years for men and women, respectively, among 
5-25-year-old people. In a 10-25-year-old Turkish 
population, Can et al (3) found the mean age of open 
synchondrosis to be 11.5 in men and 10.7 in women. 
But Sinanoglu et al (1) reported the mean age of 10 
years for both genders among 7-25-year-old people. 
In an Iranian population, Akhlaghi et al (26) reported 
a mean age of 12.3 years for men and 9 years for 
women for open synchondrosis among 8-26-year-old 
people. In addition, Akhlaghi et al (27) found the mean 
age of 12.8 years for open suture in 8-26-year-old 
men. In another study, Akhlaghi et al (28) reported 
this mean age to be 10.8 years among 8-26-year-old 
women. In a similar population in the present study, 
the mean age of open synchondrosis for both genders 
was 8.6 years. This difference might be due to racial 
differences and different age ranges of the studied 
samples. Therefore, the results of any population 
need to be interpreted accurately to prevent error.   
There was a positive correlation between spheno-
occipital synchondrosis fusion degree and age. This 
positive correlation has also been found in similar 
studies (1,13,14,26,27,29). A positive correlation has 
been found between spheno-occipital synchondrosis 
fusion degree and age among an Iranian population 
in two different studies (25,26). Sinanoglu et al (1) 
reported a positive correlation between Turkish 
females and males (0.56 and 0.84, respectively). 
Kocasarac et al (13) found a moderate correlation 
for the male gender (0.59) and a strong correlation 
for the female gender (0.81) in a Turkish population. 
Fernández-Pérez et al (29) reported the correlation 
coefficients of 0.73 and 0.65 for the women and men, 
respectively, in an American population. Bassed et al 
(14) reported a correlation coefficient of 0.46 for men 
and 0.24 for women in the Australian population. In 
the present study, there was a positive correlation 
between Demirjian index and age. This correlation 

has also been reported in similar studies (14,29). 
Fernández-Pérez et al (29) found a strong correlation 
for both genders (0.84 for men and 0.85 for women). 
Bassed et al (14) reported this correlation to be 0.70. 
In general, it seems there is a positive correlation 
between spheno-occipital synchondrosis fusion 
degree and age and between Demirjian index and 
age, and the observed differences can be due to 
anatomical variations and racial differences.  The 
multiple regression model provides a method for age 
estimation by using a series of scores obtained from 
the dental and skeletal development sites. In the age 
range of 7-25 years, since dentitions and skeleton 
have mostly matured or are approaching maturity, 
anatomical development areas are scarce. In the 
present study, the focus was on the third molar and 
spheno-occipital synchondrosis. Analysis of these 
markers in previous studies at this age has shown 
that these markers can be used for age estimation, 
particularly for the differentiation of children from 
adults. However, they have shown a low accuracy 
due to their inherent variation, therefore a wider age 
range is obtained. It was assumed that the use of 
multiple regression analysis and the simultaneous use 
of several development sites could help to achieve 
a more accurate age range via the overall reduction 
of variations (14). In the present research, multiple 
regression analysis achieved a more reliable and 
accurate model when using both the Demirjian index 
and spheno-occipital synchondrosis fusion degree 
rather than using the model of each marker alone. 
The model’s high R2 value of 0.75 suggests that age 
estimation can be accurately performed by inputting 
the scores of both indices into the regression model. 
In addition, by considering confidence levels above 
and below 95% for beta and fixed coefficients of both 
variables, with scores of both indices in two separate 
regression models, the age range of each person at 
a 95% confidence level can be estimated. Therefore, 
two calculations are required for the estimation of 
the age range: one for the maximum level and one 
for the minimum level. It should be noted that age 
estimation has been suggested to be done by current 
population-based standards. It has been shown 
that population size, distribution of samples, and 
socioeconomic status can affect spheno-occipital 
synchondrosis fusion degree. Skeletal maturity, in 
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particular, can be influenced by socioeconomic status 
because normal growth distribution is associated 
with nutrition and/or chronic diseases. To ensure 
unbiased results in studies related to development 
and growth, it is suggested that the study populations 
have comparable socioeconomic statuses (1). Given 
the limitations of the information archive, it was not 
possible to classify the study sample in the present 
study according to socioeconomic status. Yet, it 
seems that most of the individuals referring to the 
Isfahan School of Dentistry are from Isfahan or the 
nearby cities, which probably have similarities in 
their diet and socioeconomic status. The inert-rater 
Kappa coefficient for spheno-occipital synchondrosis 
fusion degree was at a moderate-good level (0.53), 
and intra-rater Kappa coefficients for the first and 
second observers were at a good-very good level 
(0.92 and 0.77, respectively). Similar studies have 
shown very good inter-rater and intra-rater Kappa 
coefficients (1,13,28,29). Sinanoglu et al (1) reported 
inter-rater agreement of 0.79-0.82 and intra-rater 
agreement of 0.72-0.78. Also, Kocasarac et al (13) 
reported inter-rater and intra-rater agreements of 0.88 
and 0.93, respectively. Fernández-Pérez et al (29) 
showed the inter-rater and intra-rater agreements of 
0.92, which was very good. Bassed et al (25) reported 
inter-rater and intra-rater agreements of 0.78 and 
0.90, respectively. It is noteworthy that in addition 
to the study population, different CBCT machines 
as well as the experience of observers can be the 

factors associated with different results obtained in 
the present study compared to other studies. Although 
the present study used the census method to collect all 
data for age, the study sample was lower than those 
of other studies in various countries. Furthermore, 
considering the diversity of ethnicities in Iran, similar 
multi-central studies are suggested. 

Conclusion
The four-stage spheno-occipital synchondrosis 
development was not a robust method for age 
estimation in the 7-25-year-old Iranian population. 
However, it can be an appropriate marker when 
complemented with third molar development 
(Demirjian index).
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