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Objectives

Sex determination is an important aspect of forensic
anthropometry. The shape of the clavicle can offer indications
about a person’s age, and gender. This study aims to explore
the effectiveness of the clavicle bone in determining an
individual’s sex and to develop a specific equation for
predicting sex using X- ray and CT scan images.

Materials and Methods

The study was conducted using X-rays and CT scans
of 131 adults. The samples were distributed into three
different age groups: 21-40, 41-60, and 61-80 years. Eleven
parameters of the clavicle were measured using clinical
imaging software. Statistical analysis was performed on
the collected parameters.

Results

The clavicles were found to be longer in males than in
females. The best parameter for predicting males in the
age group 21-40 years was the lateral angle of the right
clavicle with an accuracy of 74.4%. The best parameter for
predicting females in age group 21-40 years was the max.
length of left clavicle with an accuracy of 74.4%. The best
parameter for predicting both males and females in age
group 41-60 years was the max. length of left clavicle with
an accuracy of 85.7%. The best parameter for predicting
both males and females in age group 61-80 years was the
max. length of the left clavicle with an accuracy of 76.9%.

Conclusion

The results and the equation obtained for the various age
groups in this study will help the forensic Anthropologist
in identification of sex where the clavicle bone is retrieved
from a crime scene.
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...........................................................

Anthropometry is made of two different
words- human and measurement. It involves
systematically collecting various measurements
from the human body and establishing
a correlation between them. Forensic
anthropometry is a prominent branch of
anthropometry that examines skeletal remains to
help in criminal investigations.'

Sex determination is an important aspect of
forensic anthropometry. It involves analyzing
skeletal remains to determine whether they
belong to a male or female. This process relies
on differences in the morphology of bones,
which tend to vary between the sexes due
to biological and hormonal influences. Sex
assessment serves several purposes in a forensic
setting, including unknown body identification,
preparing a biological profile of the missing
individual or suspects, and comprehending
demographic details in case of war, genocide,
and other humanitarian crises. An inaccurate
evaluation of an individual’s sex can affect the
accuracy of other characteristics such as age and
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height. Using the pelvic bones alone yields an accuracy
of around 95%. When only the skull bones are used, the
accuracy is about 90%. However, when the pelvic and
skull bones are utilized together, the accuracy increases
to approximately 98%.2 The skull and pelvic bones are
typically utilized to determine sex in studies, but there
are instances, such as mass disasters, decomposition,
or mutilation where these bones may be unavailable.
So, further studies should be done to examine the
significance of other bones in sex determination.

Recent studies have investigated the use of clavicles
in determining sex. The clavicles are of considerable
importance in anthropometry due to a variety of factors.
The shape of the clavicle can offer indications about a
person’s age, and gender. It is somewhat impervious
to environmental factors and deterioration, and as a
result, is well-maintained for a longer duration.’ The
bone shows morphological differences and bilateral
asymmetry, likely due to genetics, hormones, lifestyle
activities, growth, or work-related pressures.* The
clavicle fuses later than other skeletal parts, making it
useful for estimating age. Additionally, later-growing
skeletal elements are often sexually dimorphic
compared to those that grow early.’ Various parameters
of the clavicle, such as volume, curvature, angles,
and length measurements, have displayed varying
levels of accuracy for sex determination. Also, the
anthropometric dimensions of the bones vary among
different races and geographical regions.®

Previous studies on sex determination involved
using real bones collected during autopsies or from
various sites. The bones were manually measured
using instruments, which were time-consuming and
raised ethical and religious considerations. However,
recent studies have shown that multiple radiological
techniques, including X-rays and CT scans of the bones,
can serve as alternatives. The measurement of three-
dimensional bone images in CT scans can be easily
performed by individuals with limited expertise in the
field. The utilization of CT scans enhances precision
and consistency when contrasted with conventional
techniques that involve actual bones.’” Radiological
techniques also provide a rapid processing time, higher
clarity, and resolution which helps the investigators to
go through a large amount of data efficiently. Limited
differences were observed across the data sources,
and there was a high level of agreement among the
observers, indicating that CT images can be relied upon
for obtaining osteometric measurements.’

Earlier studies have provided strong evidence of sexual
dimorphism in clavicles in various populations, but they
are generally done manually or on 3D reconstruction
images on bones. So, the present research aims to
investigate the effectiveness of the clavicle bone in
determining an individual’s sex and to develop a
specific formula for predicting sex.

MATERIALS AND METHODS
Study type: Observational study

Sample size: 131 pairs of clavicles were studied
belonging to age groups of 21 — 80 years.

Sample size was calculated using effect size 0.6, power
80%, error 0.05 and 5% significance.

Using the formula: n =22 X 62 /d2
Where,
n=Sample needed
z= Value of normal standard distribution
6= Standard deviation
d=Absolute precision
Study period: April 2023 to April 2024.
Inclusion criteria

Radiological images of patients belonging to 21-80
years

Exclusion criteria

Radiological images of patients less than 21 years and
greater than 80 years

Patients who had a history of malignancies, bone or
connective tissue diseases, arthritis, abnormalities,
fractures, or surgery in the clavicle.

The current research was carried out after obtaining
the Institutional Ethical committee clearance
(IEC:492/2023).

The patient IDs were collected from the Medical
Records Section. The patient IDs were categorized into
three age groups i.e, 21-40yr, 41-60yr and 61-80yr.
Sample distribution gender wise is shown in Table 1.
Every patient’s medical record was opened, and clinical
imaging software InstaRISPACS was utilized to view
the radiographic images, and the software’s tools were
utilized to measure the parameters.

The following parameters were measured on

clavicles:*'° (Fig. 1-3)
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1. Maximum length of clavicle: The linear distance
between the furthest points of the sternal and
acromial articular ends of the clavicle is measured.

2. Midshaft maximum diameter: At the midpoint of
the bone shaft, the maximum diameter is measured.

3. Midshaft minimum diameter: At the midpoint of
the bone shaft, the minimum diameter of the bone
is measured.

4. Maximum breadth of sternal end: The maximum
anterior to the posterior length of the sternal end of
the clavicle is measured.

5. Maximum breadth of acromial end: The maximum
anterior to the posterior length of the acromial end
of clavicle is measured.

6. Depth of medial curvature: The perpendicular
distance between the deepest point of the medial
curvature and a tangent that links the most posterior
point of the medial end to the summit of the
posterior edge of the lateral curvature.

7. Depth of lateral curvature: Perpendicular distance
between the deepest point of the lateral curvature
and a tangent that links the most anterior point of
the lateral end to the summit of the anterior edge of
the medial curvature.

8. Radius of the medial curvature: Radius of the
optimal circle that fits correctly in the contour of
the medial curve.

9. Radius of the lateral curvature: Radius of the
optimal circle that fits correctly in the contour of
the lateral curve.

10. Medial angle/sternal angle: It is the angle formed
between the sternoclavicular end and the clavicle
shaft. It involves drawing one line tangential to
the sternal end of clavicle and another tangential
to bone shaft, then measuring the angle formed
between the two lines.
11. Lateral angle/acromial angle: It is the angle formed
between the acromioclavicular end and the clavicle
shaft. It involves drawing one line tangential to the
acromial end of clavicle and another tangential to
the bone shaft, then measuring the angle formed
between the two lines.

Seven out of the eleven parameters, such as the maximum
length of clavicle, midshaft maximum diameter, depth of
medial and lateral curvatures midshaft minimum diameter,
and maximum breadth of the sternal and acromial, were
measured using the ruler tool on X-ray scans.

The remaining four parameters - radius of the medial
curvature, radius of the lateral curvature, medial angle,
and lateral angle, were measured on 3D CT images of
the clavicles. The radii of the medial/lateral curvature
were measured using the elliptical annotation tool
and the medial/lateral angles were measured using the
angle annotation tool. These measurements were then
recorded on an Excel sheet and subsequently subjected
to statistical analysis.

Statistical analysis

The following tests were carried out using the statistical
software ‘Jamovi’. The Shapiro-Wilks test was done
for normality. Comparison of right and left clavicle
was done using Students t-test for normally distributed
parameters and for non- normally distributed parameters
using Wilcoxon sign rank test. Comparison of right
and left clavicle between the groups was done using
Students t-test for normally distributed parameters
and for non- normally distributed parameters using
Mann-Whitney U test. Gender wise comparison was
done using Students’ t-test for normally distributed
and Mann-Whitney U test for non-normally distributed
parameters. Sex determination was done using logistic
regression analysis.

Ethical Approval

Institutional ethical clearance was taken. Approval no:
(492/2023).

RESULTS

The study involved 131 pairs of clavicles (74 males and
57 females) which were divided into three age groups:
Group 1 (21-40 years), Group 2 (41-60 years), and
Group 3 (61-80 years).

Descriptive Statistics of all Parameters of Right and
Left Clavicles are shown in Table 2. On comparing right
and left clavicle it was noted that there is a significant
difference in the measurements of the max. acromial
breadth (p-value-0.013), radius of lateral curvature
(p-value-0.024), and medial angle (p-value-0.013)
between the right and left clavicles for both sexes.

Descriptive Statistics of Parameters of Right and Left
Clavicles of all 3 age groups are shown in Table 3.
Comparison of right and left parameters within each
age group using Students’ t-test (normally distributed)
and Wilcoxon sign rank test (non-normally distributed)
is shown in Table 4. From the table it can be noted that
in group 1, there is a statistically significant difference
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in the max. acromial breadth (p-value-0.002), radius
of medial curvature (p-value-0.026), and radius of
lateral curvature (p-value-0.007) between right and left
clavicles. In Group 2, there is a statistically significant
difference in the medial angle (p-value-0.008) and
lateral angle (p-value-0.015) between the right and left
clavicles. In Group 3, the radius of lateral curvature
(p-value-0.041) shows a statistically significant
difference between the right and left clavicles.

Comparison of parameters between two groups using
Student’s t-test (normally distributed) and Mann-
Whitney U test (non-normally distributed) is shown in
Table 5. From the table it can be noted that between
Groups 1 and 2, the right and left radius of medial
curvature (p-value-<0.001), right and left radius of
lateral curvature (0.027 and 0.002 respectively),
right and left medial angle (p-value- <0.001), and
right and left lateral angle (p-value- <0.001) show a
statistically significant difference. Between Group 2
and 3, the left max. acromial breadth (p-value-0.02),
right medial angle (p-value-0.014), right and left lateral
angle (p-value-0.001 and 0.047 respectively), and left
depth of medial curvature (p-value-0.045) show a
statistically significant difference. Between Groups 1
and 3, the right max. length (p-value-0.012), right and
left midshaft min. diameter (p-value-0.024 and 0.007
respectively), right and left radius of medial curvature
(p-value-<0.001), right and left lateral radius (p-value-
<0.001), left medial angle (p-value-0.003), right and
left lateral angle (p-value <0.001), and left midshaft
max. diameter (p-value-0.037) showed a statistically
significant difference between the two groups.

Descriptive Statistics of all Parameters of Male and
Female Clavicles is shown in Table 6. On comparing
all parameters between males and females it was
noticed that right and left max. length of the clavicle
(p-value-<0.001), right and left midshaft min. diameter
(p-value- <0.001), left sternal breadth (p-value-<0.001),
right and left acromial breadth (p-value-<0.001), right
lateral depth (p-value-0.018), right and left medial depth
(p-value-0.023 and 0.03 respectively), and right and
left midshaft max. diameter (p-value-<0.001) showed
a statistically significant difference between male and
female clavicles.

Descriptive Statistics of Parameters of Male and
Female Clavicles of all 3 Age Groups is presented in
Table 7. Comparison of all parameters among the sexes
within each group using Students’ t-test (normality

distribution) and Mann-Whitney U test (non-normality
distribution) is shown in Table 8. From the table it can
be noted that in Group 1, right and left max. length
(p-value-0.037 and <0.001 respectively), right midshaft
min. diameter (p-value-0.016), right and left acromial
breadth (p-value-0.011 and <0.001), right lateral radius
(p-value-0.043), and right lateral angle (p-value-0.017)
show statistically significant differences between the
sexes. In Group 2, the right and left max. length (p-value-
<0.001), right and left midshaft min. diameter (p-value-
<0.001), right and left sternal breadth (p-value-0.038
and <0.001 respectively), right and left acromial
breadth (p-value-0.026 and 0.012 respectively), left
medial radius (p-value-0.030), right medial angle
(p-value-0.015), right medial depth (p-value-0.011),
right and left midshaft max. diameter (p-value- <0.001)
shows statistically significant differences among
the sexes. In Group 3, the right and left max. length
(p-value-0.008 and <0.001 respectively), right and left
midshaft min. diameter (p-value-0.015 and <0.001
respectively), left sternal breadth (p-value-0.008), left
acromial breadth (p-value-0.040), right lateral depth
(p-value-0.006), right and left midshaft max. diameter
(p-value-0.009 and <0.001 respectively) shows
statistically significant differences between sexes.

Comparison of all parameters between sexes and
among two groups using Students’ t-test (normally
distributed) and Mann-Whitney U test (non-normally
distributed) is shown in Table 9. From the table it
can be noted that when comparing Groups 1 and 2,
right and left max. length (p-value- <0.001), right
and left midshaft min. diameter (p-value- <0.001),
left sternal breadth (p-value-<0.001), right and left
acromial breadth (p-value- <0.001), right lateral angle
(p-value-0.024), left medial depth (p-value-0.033), and
right and left midshaft max. diameter (p-value- <0.001)
shows statistically significant differences among the
sexes and the two groups. When comparing Groups
2 and 3, right and left max. length (p-value-<0.001),
right and left midshaft min. diameter (p-value- <0.001),
left sternal breadth (p-value-<0.001), right and left
acromial breadth (p-value- <0.001), right lateral depth
(p-value-0.001), right medial depth (p-value-0.006), and
right and left midshaft max. diameter (p-value- <0.001)
shows statistically significant differences among the
sexes and the two groups. When comparing Groups 1
and 3, right and left max. length (both <0.001), right
and left midshaft min. diameter (p-value-<0.001), left
sternal breadth (p-value-0.016), right and left acromial
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breadth (p-value-0.001 and <0.001 respectively),
right lateral radius (p-value-0.025), left lateral angle
(p-value-0.048), and right and left midshaft max.
diameter (p-value-0.003 and 0.002 respectively) shows
statistically significant differences between the sexes
and the two groups.

Sex determination using logistic regression analysis

Logistic regression was used to recognize the best
parameter for identifying males and females separately
for each age group.

GROUP-1 (21-40 years) (Fig. 4)

The best parameter for predicting males in the 21-40
age category was found to be the lateral angle of the
right clavicle. The p-value was 0.025 and the overall
accuracy was 74.4%.

Equation: log [0.5/1-0.5] = 15.104 + -0.103(Right
Lateral Angle)

The cut-off value for the right lateral angle that
corresponds to a 0.5 probability of being male is 146.64°.
When the right lateral angle is less than 146.64°, the
model predicts a higher possibility of being female.
When the right lateral angle is more than 146.64°, the
model predicts a higher possibility of being male. When
the right lateral angle = 146.64°, the model predicts an
equal probability of being male or female.

The best parameter for predicting females in the 21-40
age category was found to be the maximum length of
the left clavicle. The p-value was 0.003 and the overall
accuracy was 74.4%.

Equation: log [0.5/1-0.5] = -13.038 + -0.988(Left max.
length of clavicle)

The cut-off value for the left max. length of clavicle
that corresponds to a 0.5 probability of being male is
13.196cm. When the left max. length of clavicle is less
than 13.196 cm, the model predicts a higher possibility
of being female. When the left max. length of clavicle
is more than 13.196 cm, the model predicts a higher
possibility of being male. When the left max. length
of clavicle = 13.196 cm, the model predicts an equal
probability of being male or female.

GROUP-2 (41-60 years) (Figure: 5)

The best predictor for both males and females in the 41-
60 age category was found to be the maximum length of
the left clavicle. The p-value was <0.001 and the overall
accuracy was 85.7%.

Equation: log [0.5/1-0.5] = -27.66 + 2.03(Left Max.
Length of Clavicle)

The cut-off value for the left max. length of clavicle
that corresponds to a 0.5 probability of being male is
13.625 cm. When the left max. length of clavicle is less
than 13.625 cm, the model predicts a higher possibility
of being female. When the left max. length of clavicle
is more than 13.625 cm, the model predicts a higher
possibility of being male. When the left max. length
of clavicle= 13.625 cm, the model predicts an equal
probability of being male or female.

GROUP-3 (61-80 years) (Figure: 5)

The best predictor for both males and females in the 61-
80 age category was found to be the maximum length of
the left clavicle. The p-value was 0.003 and the overall
accuracy was 76.9%.

Equation: log [0.5/1-0.5] = -13.22 + 1.01(Left Max.
Length of Clavicle)

The cut-off value for the left max. length of clavicle
that corresponds to a 0.5 probability of being male is
13.089 cm. When the left max. length of clavicle is less
than 13.089 cm, the model predicts a higher possibility
of being female. When the left max. length of clavicle
is more than 13.089 cm, the model predicts a higher
possibility of being male. When the left max. length
of clavicle = 13.089 cm, the model predicts an equal
probability of being male or female.

DISCUSSION

Several studies reveal the advantages of using
anthropometric measurement as a means for
examining the variants in human population and as
a critical element of forensic science for criminal
investigations.!! Distinguishing sex, race and age of the
unidentified skeleton still has been the most difficult
task in forensic investigations."> Some studies have
shown that the clavicle can be used to determine sex
quite reliably, achieving rates of accurate classification
of approximately 96%.* Thus, clavicle is a very good
bone which can be utilized for sex determination.

Upon comparison of clavicle lengths amongst males
and females, it was observed that both the right and left
clavicles exhibited greater mean lengths in males (14.33
and 14.63cm, respectively) than in females (12.89
and 12.68cm, respectively). This finding aligns with
previous studies by Demir U et al. (Males- 14.25(right),
14.50cm (left) and Females- 12.94 (right), 13.12cm

ENEVCVI RN /111p://www.banglajol.info/index.php/BIMS
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(left)), KC S et al. (Males- 16.17 (right), 16.10cm
(left) and Females- 11.20 (right) ,10.65cm (left)),
Patted S et al. (Males- 14.96cm, females 13.54cm),
Yang JCS et al. (Males- 15.6cm, females 14.3cm),
Adieb N et al. (Males- 16.01(right), 16.25cm (left) and
Females- 15.56 (right), 160.03cm (left)), Mediavilla E
et al. (Males- 14.99cm, Females 13.18cm), Qiu X et al.
(Males- 15.29cm, Females 13.56cm), Daruwalla ZJ et
al. (Males- 15.23cm, Females 14.03cm), Panuganti P et
al. (Males- 14.25cm, Females 12.85¢m), and Datta D et
al. (Males- 13.88 (right), 14.04cm (left) and Females-
11.9 (right), 12.02c¢m (left)).># o-10.13-17

The mean clavicle length in males was found to be
14.48cm and for females, it was 12.78cm. Various studies
in India have reported different clavicular lengths such
as Sehrawat JS et al. for the Northwest Indian region
(Male: Right 14.91; Left 15.24cm & Females: Right
13.47; Left 13.77cm), Panuganti P et al. for the South
Indian region (Males: 14.25 cm & Females: 12.85cm),
Singh G et al. for Eastern Odisha zone (Males:14.30cm
& Females: 12.79cm), and Kumar A et al. for Haryana
zone (Males:15.19cm & Females: 13.62c¢m).!6!1820
These variations in clavicular length among individuals
in India and other populations may stem from internal
factors like ethnic backgrounds, racial origins, or
genetic variances.* Additionally, external factors such
as occupation, diet, or environmental conditions could
also play a significant role.”!

Variations in length can also be observed in populations
across various countries like the South Nigerian
population by Udoaka Al and Nwokediuko AU (Males:
15.28cm and Females: 14.5cm), Turkish population
by Bozdag M et al. (Males: 15.48cm and Females:
13.91cm), Chinese population by Yang JCS et al.
(Males: 15.60cm and Females: 14.30cm) and Greek
population by Papaioannou VA et al. (15.39cm and
Females: 13.70cm).!* 2>2* These differences might be
due to racial and ethnic variations.

An overall comparison of the right and left clavicles
of both genders revealed that the mean length of
the left clavicle (13.78cm) is greater than that of the
right clavicle (13.70cm). This finding agrees with the
studies conducted by Patted S et.al. (right-14.15cm
and left-14.35cm), Adieb N et.al. (right-15.78cm and
left-16.14cm), Mediavilla E et.al. (right-14.09cm and
left-14.27cm), Qiu X et.al. (right-14.35cm and left-
14.49cm), Daruwalla ZJ et.al. (right-14.32cm and
left-14.52c¢m), Panuganti P et.al. (right-13.53cm and

left-13.56cm), Datta D et.al. (right-12.89cm and left-
13.03cm), Sehrawat JS et.al (right-14.19cm and left-
14.50cm), and Chavda H et.al. (right-14.22cm and left-
14.51) 3910141825 (Table 10)

Other parameters such as midshaft min. diameter
(Males-1.11cm and Females-0.91cm), midshaft max.
diameter (Males-1.20cm and Females-1.02cm), max.
breadth of sternal end (Males-2.32cm and Females-
2.10cm), and max. breadth of the acromial end (Males-
1.12cm and Females-0.96cm) shows higher values in
males than in females. Similar results were also found in
studies done by Yang JCS et.al. midshaft max. diameter
(Males-1.40cm and Females-1.20cm), max. breadth
of sternal end (Males-2.50cm and Females-2.30cm),
and max. breadth of the acromial end (Males-2.60cm
and Females-2.20cm), Papaioannou V et.al. midshaft
min. diameter (Males-1.02cm and Females-0.86cm),
midshaft max. diameter (Males-1.33cm and Females-
1.12cm), max. breadth of sternal end (Males-2.74cm
and Females-2.29cm), and max. breadth of the acromial
end (Males-1.84cm and Females-1.60cm), and Eboh
DEO et.al. midshaft max. diameter (Males-1.14cm and
Females-0.92cm), max. breadth of sternal end (Males-
1.70cm and Females-1.62cm), and max. breadth of the
acromial end (Males-0.83cm and Females-0.77cm), and
Qiu X et.al. midshaft max. diameter (Males-1.27¢cm and
Females-1.02cm), max. breadth of sternal end (Males-
2.41cm and Females-2.02cm), and max. breadth
of the acromial end (Males-2.5lcm and Females-
2.03cm).13,14,24,26

In this study, right and left max. length of the clavicle
(both <0.001), right and left midshaft min. diameter
(both <0.001), left sternal breadth (<0.001), right
and left acromial breadth (<0.001), and right and left
midshaft max. diameter (<0.001) showed a statistically
significant difference between males and females. These
findings are supported by the studies of Eboh D et.al.,
Sehrawat JS et.al. and Qiu X et.al. found that the length,
sternal and acromial widths, and midshaft width showed
a significant p-value (<0.05).'*'82¢ However, Kc S et al.
reported that while most parameters showed significant
differences, except the length and midshaft diameter.*

Curvature-related parameters, such as right (males-
5.83, females- 5.66cm) and left radius of medial
curvature (males- 5.84, females- 5.39cm), left radius of
lateral curvature (males- 6.05, females- 6.03cm), right
(males- 0.79, females- 0.71cm) and left depth of lateral
curvature (males- 0.75, females- 0.70cm), and right
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(males- 0.77, females- 0.69cm) and left depth of medial
curvature (males- 0.76, females- 0.66cm) exhibit higher
values in males than females. However, the right radius
of lateral curvature (males- 6.21, females- 6.44cm)
shows greater values in females than in males. These
findings align with the studies by Patted S et.al. radius of
medial curvature (males- 5.13, females- 4.74cm), radius
of lateral curvature (males- 3.56, females- 3.26cm),
depth of lateral curvature (males- 1.14, females-
1.07cm), and depth of medial curvature (males- 1.92,
females- 1.62cm) and Yang JCS et.al. radius of medial
curvature (males- 7.50, females- 6.80cm), radius of
lateral curvature (males- 3.40, females- 3.70cm), depth
of lateral curvature (males- 1.30, females- 1.00cm),
and depth of medial curvature (males- 1.70, females-
1.50cm).”>!

The study found statistically significant differences
between sexes for the right depth of lateral curvature
(0.018) and right and left depth of medial curvature
(0.023 and 0.03 respectively). Patted S et.al. reported
a significant difference in the depth of medial curvature
(0.000). Yang J et.al. shows that medial depth (<0.001),
medial radius (<0.05), and lateral depth (<0.05) are
significant. Qiu X et.al. reported that the medial radius
and medial and lateral depth showed a significant
p-value (<0.05). Panuganti P et.al. showed that the depth
of the inner and outer ends had a significant difference
between sexes (<0.0001).%13:14.26

Angle-related parameters including, right (males-
144.78, females- 147.01°) and left medial angles (males-
145.92, females- 147.77°) and right (males- 147.34,
females- 150.36°) and left lateral angles (males- 147.88,
females- 151.26°) showed greater values in females than
males. Daruwalla Z et.al. also reported that all angles
were greater in females as compared to males. Sharma
RK et.al. found that only the left lateral (males- 150.04,
females- 149.72°) and medial angle (males- 153.72,
females- 150.68°) showed higher values in males while
the right lateral (males- 139.29, females- 148.48°) and
medial angle (males- 143.68, females- 152.00°) values
were greater in females. Panuganti P et.al. showed that
the all angles were greater in females except left medial
angle ((males- 157.00, females- 154.00°).!31627

This study found that neither medial nor lateral
angles showed a significant difference among sexes
(p value>0.05). A similar outcome was reported by
Sehrawat JS et.al. who found that both medial and
lateral angles were less sexually dimorphic than the

other parameters and not statistically significant.
Panuganti P et.al. found that there was no significant
difference in medial angles, but lateral angles showed a
statistically significant difference (0.0001) between the
sexes. Contrarily, Datta D et.al. and Sharma RK et.al.
indicated that both medial and lateral angles showed
significant p-values (<0.05).16-18-27

Thus, from the results, it can be concluded that the
clavicle bone exhibits sexual dimorphism as there are
differences in the mean values of several parameters
between the sexes. The mean values of most parameters
are higher in male clavicles than in female clavicles.
Several explanations have been proposed to explain
sexual dimorphism. Some suggest that the influence
of the male sex hormone, testosterone in males, or
the inhibitory effect of estrogen in females may cause
the clavicle bone to attain a greater length in males
as compared to females.**® Development patterns and
puberty also differ between the genders. In males and
females, the clavicle reaches most of its length (four-
fifths) by ages 12 and 9, respectively, allowing males
a longer growth period, which may contribute to its
larger length. Height is also shown to have a positive
correlation with clavicular length. Generally, the female
skeletons are found to be about 20% shorter than the
males which in turn can result in a shorter clavicle with
a smaller radius of curvature, which causes the bone to
be more curved.'®? External factors, such as diet, work-
related activities, and lifestyle, can also affect the length
of the bone.*®

The study also shows that certain parameters show that
there is a significant difference in the measurements of
the max. acromial breadth (p value-0.008), radius of
lateral curvature (p value-0.024), and medial angle (p
value-0.013) between the right and left clavicles of both
genders. The remaining parameters do not show anotable
variation. Qiu X et.al. reveals no significant differences
in length, width, and curvature measurements between
the right and left sides. Similarly, Daruwalla Z et.al.
also reveals no significant differences in length between
sides. However, Eboh et al. states there is a significant
difference in length, sternal, acromial, and mid-length
diameter (<0.001) between sides.!*!52

In this study, the mean values of the medial and lateral
angles (146.72 and 149.35° respectively) are greater in
the left clavicles than the right clavicles (145.75 and
148.65° respectively). Similar results were obtained
by Adieb N. et al. medial angle (right-158.25, left-
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158.80°), lateral angle (right-147.70, left- 153.65°) in
an Egyptian population, where they concluded that the
smaller angles in the right clavicle result in a greater
curvature, leading to a shorter right clavicle.!

The study accurately confirms the existence of bilateral
asymmetry between the right and left clavicles. A
popular theory supporting this is the role of hand
dominance. Generally, most individuals are dominant
in their right hand. The constant and regular movement
of that arm causes the bone to wear away with time.
This results in the greater curvature of the bone which
in turn causes the clavicle to be shorter on the right side
rather than the left."s

Using Logistic regression analysis, the right lateral
angle was found to be the best parameter for predicting
males in the 21-40 age group (Overall accuracy-74.4%).
For females in the 21-40 age group the max. length of
the left clavicle was considered the best parameter with
an overall accuracy of 74.4%. For males and females
in the 41-60 and 61-80 age groups, the max. length of
the left clavicle was the best parameter for predicting
sex with an overall accuracy rate of 85.7% and 76.9%
respectively. These results are comparable to those of
Eboh D et al. which indicate the left clavicular length
shows an overall accuracy of 74.3% (Males: 74.1% &
Females: 74.4%). Other studies with similar results
include Singh A et al. with an overall accuracy of 75%
(Males: 80% & Females: 70%) and Mohammed S et
al. which indicated that the left clavicular length alone
produces an accuracy rate of 64%. A study by Sehrawat
JS et.al. shows that the lateral angle had a sex accuracy
of only 61.2% (Males: 59.5% & Females: 66.2%).51819.26

Certain authors have indicated higher accuracy rates
using clavicular length. Bozdag M et al. indicated an
overall accuracy of 84.9% (Males 83.1% & Females:
86.4%) while Mediavilla E et al. reports that right max.
length shows an accuracy of 80% and 92% for males
and females respectively and the left length of clavicle
shows an accuracy of 80% and 90% for males and
females respectively. On the contrary, Kamdi D et al.
reported that by only using clavicular length 0-4.35%
of male and female bones can be identified and Balwir
TK et al. found that the length of the bone could be
used to identify 12.68% and 8.30% of male and female
clavicles respectively.’2%3

This study is important in the field of forensic
anthropology, particularly in cases where the clavicle
bone is retrieved from a crime scene. By measuring key

parameters of the clavicle, these values can be inserted
into a formulated equation to provide a probabilistic
determination of the bone’s sex. The study highlights
the effectiveness of radiological methods for forensic
anthropological studies and suggests it as a replacement
for the traditional methods.

CONCLUSION

The result of this study conclusively demonstrates
that the clavicle bone exhibits both morphological
differences between males and females and bilateral
asymmetry. The clavicles were found to be longer in
males than in females. Among both genders, the left
clavicle was found to be greater in length than the right.

Statistically significant differences between the
male and female clavicles were observed in several
parameters including, the right and left max. length of
the clavicle, right and left midshaft min. diameter, left
sternal breadth, right and left acromial breadth, right
lateral depth, right and left medial depth, and right and
left midshaft max. diameter.

The best parameter for predicting males in the age
group 21-40 years was the lateral angle of the right
clavicle (Overall accuracy: 74.4%). The best parameter
for predicting females in age group 21-40 years was
the max. length of left clavicle (Overall accuracy:
74.4%). The best parameter for predicting both males
and females in age group 41-60 years was the max.
length of left clavicle (Overall accuracy: 85.7%). The
best parameter for predicting both males and females in
age group 61-80 years was the max. length of the left
clavicle (Overall accuracy: 76.9%)

This study proves the usefulness of the clavicle bone
and radiological methods for sex determination studies.
It could also be beneficial in different fields including
anatomy, forensic sciences, anthropology, and radiology.

Limitations and future scope of the study

e In the study, all the parameters were not
measured using a single radiological method.

e Further studies can be performed using
additional clavicular parameters like midshaft
circumference. Larger sample sizes can also
be considered for future studies. Similar
radiological studies can be carried out in other
populations across India.
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Table 1: Descriptive Statistics of Age Groups by Sex

Age Group Sex N Mean + SD
Male 28 27.11+4.79

Group-1
(=) Female 15 32.07+6.17
Male 24 4742 +6.13

Group-2
BTy Female 25 52.40 +5.26
Male 22 69.23 +5.33

Group-3
L) Female 17 70.82 + 628

Total: 131

Table 2: Descriptive Statistics of all Parameters of
Right and Left Clavicles

Parameters Mean + SD (cm)
Max. Length Right 13.70 + 1.47
Max. Length Left 13.78 £ 1.57
Midshaft Min. Diameter Right 1.02+0.21
Midshaft Min. Diameter Left 1.02+0.18
Sternal Breadth Right 2.22+0.36
Sternal Breadth Left 2.24+0.43
Acromial Breadth Right 1.08 £ 0.22
Acromial Breadth Left 1.02+0.17
Medial Radius Right 5.76 +£2.15
Medial Radius Left 5.64+1.97
Lateral Radius Right 6.31+1.72
Lateral Radius Left 6.04 £ 1.57
Medial Angle Right 145 .75 + 8.52°
Medial Angle Left 146.72 +7.78°
Lateral Angle Right 148.65 + 8.73°
Lateral Angle Left 149.35 £ 9.66°
Lateral Depth Right 0.75+0.17
Lateral Depth Left 0.73+£0.19
Medial Depth Right 0.74 +0.19
Medial Depth Left 0.71 £0.19
Midshaft Max. Diameter Right 1.12+0.20
Midshaft Max. Diameter Left 1.13+0.19

Available at:
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Table 3: Descriptive Statistics of Parameters of Right

and Left Clavicles of all 3 age groups

Parameters

Max. Length Right

Max. Length Left

Midshaft Min. Diameter
Right

Midshaft Min. Diameter
Left

Sternal Breadth Right
Sternal Breadth Left
Acromial Breadth Right
Acromial Breadth Left
Medial Radius Right
Medial Radius Left
Lateral Radius Right

Lateral Radius Left

Medial Angle Right

Medial Angle Left

Lateral Angle Right

Lateral Angle Left

Lateral Depth Right
Lateral Depth Left
Medial Depth Right
Medial Depth Left

Midshaft Max. Diameter
Right

Midshaft Max. Diameter
Left

Group-1

14.14 +
1.50

14.16 £
1.56

1.05+0.17

1.07 £0.15

2.24+0.32
2.26 +0.37
1.11+0.23
1.01 £0.20
7.82+2.15
7.55+1.81
5.58+1.29
530+ 1.17

149.66 =
5.80°

150.84 =
4.98°

139.84 +
8.46°

13932
8.73°

0.75+0.17
0.73 +0.20
0.73+0.17

0.70+0.19

1.14+£0.16

1.16 £ 0.16

Mean £ SD (cm)
Group-2

13.62 +
1.52

13.68 £
1.64

1.05+0.25

1.02+0.19

2.17+0.41
2.22+0.51
1.04 +0.21
1.00 +0.15
4.72+1.42
4.63+1.21
6.40 +2.07
6.31 +1.65

141.66 +
9.00°

144.25 =
7.51°

151.49 +
4.44°

153.36 =
5.41°

0.74+0.17
0.69 £0.16
0.71 £0.16

0.68£0.15

1.13+0.25

1.13+£0.21

Group-3

1333+
1.26

13.49 +
1.44

0.96+0.17

0.97£0.17

2.25+0.33
2.22+0.40
1.10+0.22
1.08 £0.16
478 £1.02
4.80+1.31
7.00 +1.34
6.52 +1.60

146.58 +
8.32°

145.30 =
8.89°

154.80 +
4.49°

15537 =
5.15°

0.78 £0.20
0.78£0.19
0.78 £0.24

0.78 £0.22

1.08 £0.18

1.08 £0.18

distributed)
Parameters
Group-1
Max. Length Right
0.43
Max. Length Left
Midshaft Min. Diameter Right
0.43
Midshaft Min. Diameter Left
Sternal Breadth Right
0.57
Sternal Breadth Left
Acromial Breadth Right
0.002*
Acromial Breadth Left
Medial Radius Right
0.02*
Medial Radius Left
Lateral Radius Right
0.007*
Lateral Radius Left
Medial Angle Right
0.07
Medial Angle Left
Lateral Angle Right
0.39
Lateral Angle Left
Lateral Depth Right
0.62
Lateral Depth Left
Medial Depth Right
0.44°
Medial Depth Left
Midshaft Max. Diameter Right
0.47

Midshaft Max. Diameter Left

*P value <0.05- Significant

P-Value

Group-2

0.66°

0.62

0.49°

0.37

0.69*

0.77*

0.008*

0.01*

0.21

0.35

0.61

*denotes normally distributed variables

©The Ibn Sina Trust

Table 4: Comparison of right and left parameters
within each age group using Students’ t-test (normally
distributed) and Wilcoxon sign rank test (non-normally

Group-3

0.52¢

0.89°

0.76*

0.63*

0.57

0.04*

0.95

0.70

0.90°

0.91¢

0.96
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Table 5: Comparison of parameters between two groups ~ Table 6: Descriptive Statistics of all Parameters of Male
using Student’s t-test (normally distributed) and Mann-  and Female Clavicles
Whitney U test (non-normally distributed)

Bangladesh Journal of Medical Science

Parameters Sex (M/F) Mean £ SD (cm)
P-Value
Parameters M 1433 + 1 41
Group 1&2  Group 2&3  Group 1&3 Max. Length Right
F 12.89 + 1.11
Max. Length Right 0.09 0.45 0.01*
M 14.63 +1.37
Max. Length Left 0.13 0.65 0.06 Max. Length Left
F 12.68 +1.05
Midshaft Min. Diameter Right 0.72 0.15 0.02%*
Midshaft Min. Diameter M LIT£0.19
Midshaft Min. Diameter Left 0.22 0.24 0.007* Right F 0.91+0.17
Sternal Breadth Right 0.41° 0.39° 0.92 M 1.11 +£0.16
Midshaft Min. Diameter Left
Sternal Breadth Left 0.48 0.78 0.57 F 0.91+0.13
Acromial Breadth Right 0.06 0.11 0.79* _ M 226+0.34
Sternal Breadth Right
F 2.16+0.38
Acromial Breadth Left 0.98 0.02%*2 0.07
M 2.38+0.43
Medial Radius Right <0.001* 0.98 <0.001* Sternal Breadth Left
F 2.05+0.36
Medial Radius Left <0.001* 0.77 <0.001*
M 1.15+0.23
Acromial Breadth Right
Lateral Radius Right 0.02%*2 0.12 <0.001* F 0.99 +0.17
Lateral Radius Left 0.002* 0.57 <0.001* M 1.09+0.17
Acromial Breadth Left
Medial Angle Right <0.001%  0.01* 0.05° 17 D= TS
M 5.83+197
Medial Angle Left <0.001* 0.31 0.003* Medial Radius Right
F 5.66 +2.38
Lateral Angle Right <0.001*= 0.001* <0.001*2
M 5.84 +1.89
Lateral Angle Left <0.001% 0.04* <0.001* Medial Radius Left
F 5.39+2.07
Lateral Depth Right 0.63 0.30 0.60
M 6.21 +1.67
Lateral Radius Right
Lateral Depth Left 0.49 0.06 0.30 F 6.44 + 178
Medial Depth Right 0.52 0.26 0.52 M 6.05+1.67
Lateral Radius Left
Medial Depth Left 0.48 0.04* 0.20 F 6.03+1.45
Midshaft Max. Diameter Right 0.73 0.43 0.17 ) ) M 144.78 + 8.83
Medial Angle Right
.01 +7.99°
Midshaft Max. Diameter Left 0.33 0.33 0.03* F 147.01 7.9
M 145.92 + 8.16°
* .
P value <0.05- Significant el Avi e e
F 147.77 +£7.18°

*denotes normally distributed variables
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Parameters

Lateral Angle Right

Lateral Angle Left

Lateral Depth Right

Lateral Depth Left

Medial Depth Right

Medial Depth Left

Midshaft Max. Diameter
Right

Sex (M/F)

M

M

Midshaft Max. Diameter Left

F

Mean £ SD (cm)

147.34 £9.76°

150.36 £ 6.91°

147.88 +10.52°

151.26 +£8.12°

0.79+0.19

0.71 £0.14

0.75 +£0.22

0.70 £0.14

0.77+0.21

0.69+0.14

0.76 £0.22

0.66 +0.13

1.20+0.19

1.02+0.17

1.21+0.18

1.02+0.15

Table 7: Descriptive Statistics of Parameters of Male
and Female Clavicles of all 3 Age Groups

Parameters

Max. Length
Right

Max. Length
Left

Midshaft Min.
Diameter Right

Midshaft Min.
Diameter Left

Sternal Breadth
Right

Sternal Breadth
Left

898

Sex

(M/F)

£ =® 2 =7 £ = £

RN <

Mean + SD (cm)
GROUP-1 GROUP-2  GROUP-3
1450+ 1.55 14.61+1.29 13.79+1.25
13.47+1.17 12.66+1.03 12.73+1.03
1473 +£1.50 14.95+1.17 14.16+1.32
13.09+1.07 12.46+0.97 12.62+1.11
1.10+0.16 1.20+022  1.02+0.17
0.96 +0.17 090+0.19 0.89+0.15
1.10+0.17 1.16+0.13  1.06+0.15
1.02 £ 0.09 0.88+0.14 0.84+0.10
2.25+0.31 230+0.39 2.23+0.35
2.22+0.35 206+041 2.27+0.33
2.29+0.36 248+0.50 2.37+043
2.21+0.38 1.97+£0.38  2.03+0.27

Parameters

Acromial
Breadth Right

Acromial
Breadth Left

Medial Radius
Right

Medial Radius
Left

Lateral Radius
Right

Lateral Radius
Left

Medial Angle
Right

Medial Angle
Left

Lateral Angle
Right

Lateral Angle
Left

Lateral Depth
Right

Lateral Depth
Left

Medial Depth
Right

Medial Depth
Left

Midshaft Max.
Diameter Right

Midshaft Max.
Diameter Left

Sex
(M/F)

£ =mm £ = £ = £

= I I ) e

<

M
F
M

Mean £ SD (cm)
GROUP-1 GROUP-2
1.17+0.24 1.11 +£0.24
1.00 +0.16 0.96 £ 0.15
1.08 £0.19 1.05+0.14
0.87+0.13 0.94 £ 0.15
7.56 £ 1.77 490+ 1.38
8.32+£2.78 4.54 +1.46
7.37+1.70 5.02+1.27
7.90 £ 2.02 4.27+1.05
529+1.16 6.80+£2.14
6.13+1.38 6.03 +1.96
5.07+1.15 6.72+1.72
573+ 1.11 591 +1.52

148.98 £ 6.16°

150.94 + 5.00°

150.62 +5.10°

151.24 £4.92°

137.62 £ 8.01°

143.98 £7.91°

137.61 + 8.67°

142.50 + 8.19°

0.75+0.19

0.75+0.11

0.77 +£0.22

0.67+0.12

0.73+0.18

0.72+0.13

0.74+0.21

0.64+0.14

1.16 £ 0.16

1.09+0.16

1.17+0.18

1.16 £0.15

138.17 £ 8.18°

145.01 + 8.60°

142.51 £7.24°

145.91 £ 7.52°

151.55+4.83°

151.43 £4.14°

153.85 £ 4.82°

152.89 +5.99°

0.78+0.17

0.70+0.16

0.69 +0.20

0.68 +£0.12

0.77+0.15

0.66 +0.15

0.71 +£0.17

0.65+0.13

1.28+£0.21

0.99+0.20

1.28 +0.17

0.98+0.14

GROUP-3

1.17+£0.23
1.01 £0.19
1.13+0.16
1.02+0.14
4.65+0.99
4.95+1.06
4.78 £1.36
4.82£1.27
6.75 £ 1.09
7.33 +1.58
6.57 £ 1.63
6.46 +1.59

146.63 =
8.50°

146.50 =
8.33°

143.66 +
9.63°

147.72 +
7.59°

155.11
3.70°

154.40 +
5.44°

154.44 =
6.04°

156.57 +
3.53°

0.85+0.21
0.68+£0.12
0.81£0.21
0.75+0.16
0.84 +£0.28
0.70 £0.14
0.84+£0.26
0.70 £0.13
1.15+£0.18
1.00+£0.13
1.86 £0.17

0.95+0.09
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Table 9: Comparison of all parameters between sexes
and between two groups using Students’ t-test (normally
distributed) and Mann-Whitney U test (non-normally
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Table 8: Comparison of all parameters between the
sexes within each group using Students’ t-test (normality
distribution) and Mann-Whitney U test (non-normality

distribution) distributed).
P-Value P-Value
Parameters Parameters
Group-1 Group-2 Group-3 Group 1&2  Group 2&3  Group 1&3
Max. Length Right 0.03* <0.001* 0.008* Max. Length Right <0.001* <0.001* <0.001*
Max. Length Left <0.001* <0.001* <0.001* Max. Length Left <0.001* <0.001* <0.001*
Midshaft Min. Diameter 0.01* <0.001* 0.01% Midshaft Min. Diameter <0.001* <0.001* <0.001%
Right Right
Midshaft Min. Diameter 0.19 <0.001* <0.001% Midshaft Min. Diameter <0.001* <0.001* <0.001*
Left Left
Sternal Breadth Right 0.76 0.03* 0.86 Sternal Breadth Right 0.04 0.12 0.98
Sternal Breadth Left 0.39 <0.001* 0.008%*2 Sternal Breadth Left <0.001* <0.001* 0.01*
Acromial Breadth Right 0.01* 0.02* 0.05 Acromial Breadth Right <0.001* <0.001* 0.001%*a
Acromial Breadth Left <0.001* 0.01* 0.04*2 Acromial Breadth Left <0.001* <0.001%*2 <0.001%*2
Medial Radius Right 0.16 0.30 0.55 Medial Radius Right 0.20 0.72 1.00
Medial Radius Left 0.29 0.03* 0.85 Medial Radius Left 0.06 0.12 0.97
Lateral Radius Right 0.04*= 0.19° 0.19 Lateral Radius Right 0.69 0.57 0.02*
Lateral Radius Left 0.07 0.09° 0.85 Lateral Radius Left 0.90 0.14* 0.19
Medial Angle Right 0.24 0.01* 0.96* Medial Angle Right 0.07 0.06 0.70°
Medial Angle Left 0.60 0.08 0.33 Medial Angle Left 0.43 0.05 0.52
Lateral Angle Right 0.01%* 0.92* 0.63 Lateral Angle Right 0.02* 0.36 0.14
Lateral Angle Left 0.07 0.52* 0.13 Lateral Angle Left 0.16 0.77 0.04*
Lateral Depth Right 0.51 0.05 0.006** Lateral Depth Right 0.27 0.001* 0.15
Lateral Depth Left 0.37 0.86° 0.41 Lateral Depth Left 0.44 0.52 0.31
Medial Depth Right 0.84¢ 0.01* 0.22 Medial Depth Right 0.05 0.006* 0.38
Medial Depth Left 0.32 0.24 0.05° Medial Depth Left 0.03* 0.05 0.10
Midshaft Max. Diameter 015 <0.001* 0.009% Midshaft M.ax Diameter <0.001* <0.001* 0.003*
Right Right
Midshaft BICIZE. Diameter 0.94 <0.001* <0.001% Midshaft %Z)f(t. Diameter <0.001* <0.001* 0.002*

*P value <0.05- Significant
*denotes normally distributed variables

*P value <0.05- Significant
*denotes normally distributed variables
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Table 10. Showing comparison of present study with other studies.

Mean |\ mir KCS Adieb D™  Sharma Patted Mediavila QiuX Paucantl etk G
Gender  (cm) D and Daruwalla JS and
Parameters Uetal etal Netal RKetal Setal ERetal etal Petal H et al
(M/F)  (Present 8] 12 ] Anand C 22 [19] [15] 20] ZJ et al [6] 17 Pathak 15]
study) 171 RK [21]
Country India Turkey Nepal Egypt Malaysia India India Spain ~ China Ireland India India India
M 14.33 1425 16.17 16.01 13.88
Max. Length 1415 1409 1435 1432 1353 1419 1422
Right

17 12.89 1294 11.20 1556  11.90

M 14.63 1450 16.10 1625 14.04
Max. Length Left 14.35 14.27 1449  14.52 13.56 14.50 14.51
FE 12.68 13.12 10.65 16.03  12.02

M 144.78 143.68
Medial Angle
Right 158.25
B 147.01 152.00
M 145.92 153.72
Medial Angle Left 158.80
F 147.77 150.68
M 147.34 139.29
Lateral Angle
Right 147.70
F 150.36 148.48
M 147.88 150.04
Lateral Angle Left 153.65
E 151.26 149.72

15.28 cm

e

Figure 1. A. Measuring the Maximum Length of the Clavicle using X-ray scan. B. Measuring the Maximum
breadth of the Acromial End and Midshaft Minimum Diameter of the Clavicle using an X-ray scan.
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Figure. 2. A. Measuring the Maximum Breadth of the Sternal End and Midshaft Maximum Diameter of the
Clavicle using an X-ray Scan. B. Measuring the Depths of Lateral and Medial Curvatures of the Clavicle
using an X-ray Scan.

20cm

Figure 3. A. Measuring the Lateral and Medial Angles of the Clavicle using a CT scan. B. Measuring the
Radius of Lateral and Medial Curvatures of the Clavicle using a CT scan.

Sensitivity — Specificity
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