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SUMMARY: The objective of the study was the determination of sex from skeletal remains is of interest in forensic anthropology.
The results on the use the clavicle in sex determination have been relatively encouraging. In this study, we aimed he discuss t
usefulness of morphometric and volumetric measurements of the clavicular bone for sex determination. The measurements in our
study were obtained from autopsies performed in Tokat province. Cases with decomposition and chest trauma were notliecluded in
study. After determining age, height and gender, the maximum length, oblique length, midline circumference, verticaladnd sagitt
diameters, volume and mass of the clavicle on both sides were measured. The study included 43 female and 43 male patients. The
mean age was 50.4 years in women and 43.1 years in men. The mean maximum length of the right and left clavicle was 12.5 cm/12.9
cm (right/left) in women and 15.3 cm/15.6 cm in men, the mean measure of inclined length on both sides was 14.5 cm/15.01 cm
(right/left) in women and 17.9 cm/18.3 cm in men, the mean length of the midline circumference was 2.26 cm/2.33 cm {night/left)
women and 2.89 cm/2.91 cm in men, the mean vertical diameter distance was 1.0 cm bilaterally in females and 1.2 cninbilaterally
males, mean sagittal diameter distance was 0.85/0.86 cm (right/left) in women and 1.05/1.06 cm (right/left) in malesjctezan clav
volume was 18.2/17.8 ml in females (right/left) and 23.3/22.7 ml in males (right/left), mean clavicler mass was 31.93 iy31.48 g
females and 40.66 g/40.14 g in males. The results obtained in this study show that height and age are important predictors in
anthropometric analyses. The strong influence of height on the measurements is particularly striking.
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INTRODUCTION

Sex determination is one of the fundamental The skull and pelvis are among the most reliable
components of constructing a biological profile from skeletalkeletal regions for sex estimation due to the pronounced
remains, and it is one of the key areas of research in forensxual dimorphism. However, in cases where these bones
anthropology (Akhlaghet al, 2012). Particularly, in fail to provide sufficient information due to
forensic cases involving severe damage to body integritecomposition, fragmentation, animal interference, or
such as decomposition, fragmentation, and burning, it deficiency, evaluating alternative bones becomes essential
crucial that the material used is of an analyzable natug®cheuer & Black, 2000; Iscan & Steyn, 2013). The
(Kraniotiet al, 2020). In such cases, bones are often amonotavicle stands out among these alternatives due to its
the least affected and most durable structures. Therefaresistance to environmental factors and its tendency to
the structural characteristics of bones and the anthropomebre well-preserved. Its morphological characteristics,
measurements specific to these features provide significdemgth measurements derived from curvature, and unique
data sources for sex determination (Samala & Manasa, 20&8uctural features make the clavicle a valuable bone for
Rohmaniet al,2021). detailed examination.
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The clavicle is a long bone that forms the shouldehe principle of data confidentiality and in adherence to
girdle and is unique for being the only long bone without medical ethical guidelines.
medullary cavity. As the first bone to undergo ossification
in humans, it also stands out as the first structure in which The study included 43 female and 43 male cases, all
hematopoiesis occurs. Additionally, as one of the last boneged over 18 years. The overall average age of the
to complete ossification, the clavicle offers a meaningfydarticipants was 46.#20.63 years. The average age of the
biological indicator for age and sex determination due females was found to be 5&2D.1 years, while the average
this characteristic (Scheuer & Black, 2000). The claviclage for males was 43.420.75 years. The general average
acts as a bridge between the scapula and the sternum, \uighght was 172.4411.53 cm, with females measuring
two ends: the acromial end, which articulates with th£64.539.13 cm and males measuring 18&28%5 cm.
acromion distally, and the sternal end, which articulates wittatistically significant differences were observed between
the sternum proximally. male and female groups in terms of height and age.

The clavicle is a structure that stands out due to its The measurements were obtained from clavicular
unique ossification characteristics. The acromial engones collected during autopsies conducted in Tokat
undergoes intramembranous ossification, while thgrovince. Cases with deformities in the clavicle structure
remaining bone structure develops through endochonddale to signs of decomposition or chest trauma were excluded
ossification. This feature distinguishes the clavicle from othéom the study.
bones. Additionally, the clavicle is considered a structure of
interest for research due to its contribution to 5-10 % of all The age, height, and sex information of the cases were
body fractures, highlighting its fragility (Robinson, 1998)recorded, and various morphometric and volumetric
This fragility also allows the use of bone integrity as ameasurements of the clavicles on both sides were performed.
important parameter in sex determination.

The parameters examined include the following:

The clavicle's morphometric characteristics such as
thickness, volume, length, width, strength, and circumferent®aximum length: The longest linear distance of the clavicle
vary depending on factors such as age, sex, and ethnicitgFig. 1).

(Akhlaghiet al, 2012). However, it has been observed thatinclined length: The distance measured along the curvature
the most significant differences between sexes appear nodf the clavicle (Fig. 1).

in metric measurements but in lateral and angular changéadidline circumference: The circumference at the midpoint
(Torimitsuet al, 2018) In countries like Turkey, which host of the clavicle.

various cultural groups and experience continuous migratioh\ertical diameter: The vertical thickness at the midpoint
conducting new studies on the clavicle is crucial to of the clavicle.

understanding the effects of changing sociodemographiSagittal diameter: The sagittal width at the midpoint of
structures. This situation necessitates the updating andhe clavicle.

diversification of existing data, making significant* Volume: The total volume of the clavicle.

contributions to the field of forensic anthropology. * Mass: The total weight of the clavicle.

In this study, the potential use of the clavicle's During data collection, a Valkyrie brand digital
morphometric and volumetric measurements for sexectronic caliper (0.01 mm) (Fig. 2) was used for length
determination has been discussed, and the contributionsrafasurements, and a Swock brand scale (0.001 g) was used
the data obtained from this bone to the field of forensfor weight measurements. Volume measurement was
anthropology have been evaluated. performed using the water displacement method. No external

funding was received for the instruments used, and the
MATERIAL AND METHOD

This study has been approved by the CIinic
Research Ethics Committee of the Faculty of Medicin¢
Tokat Gaziosmanpasa University, with the decision num ;
83116987-274 (28.03.2024). Approval for the study Was gu 1. Photograph showmg 3 measured collarbone parameters:

also obtained from the Training and Scientific Resear¢haximum length (M1) measured with an electronic precision
Commission of the Turkish Institute of Forensic Medicingaliper, inclined length (M2) measured with a tape measure and

(02.07.2024). The study was conducted in accordance witldline circumference (M3).
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necessary budget was provided by the researchers. Allmethods When examining the length measurements of the
used in the study were conducted in accordance with thkavicle bone, both the right (15.81.09 cm) and left
accepted standards in forensic medicine and anthropology(15.63t1.02 cm) clavicle lengths in males were found to be
significantly longer than those in females (right: 12536

cm; left: 12.9%0.4 cm) (p<0.001). Additionally, in terms of
inclined lengths, the values in males were also higher
compared to females. The right inclined length was measured
as 17.970.81 cm in males and 145251 cm in females,
while the left inclined length was 188377 cm in males
and 15.030.47 cm in females (p<0.001).

The circumference measurements at the midpoint
were also significantly larger in males than in females. The
right clavicle circumference in males was 2824 cm,
while in females it was 2.20.15 cm. The left clavicle
circumference was 2.90.26 cm in males and 2.83.40

Fig. 2. Measurement of the sagittal width distance at the midpoi@n in females (p<0.001).
of the clavicle with an electronic precision caliper.

When examining the cross-sectional diameters, both

The data were transferred to and analyzed using SP§®@ vertical and sagittal diameters were found to be

(Statistical Package for the Social Sciences) version 22dignificantly wider in males compared to females. For
For summarizing qualitative data, frequency and percentaggample, the right vertical diameter was £@®8 cm in

were used. males and 1£0.11 cm in females (p<0.001). The right
sagittal diameter was measured as #0086 cm in males
RESULTS and 0.8%0.06 cm in females (p<0.001). The measurements

on the left side also showed similar significant differences
In this study, the relationship between morphometricrable ).
measurements of the clavicle bone and variables such as
sex, height, and age was examined in detail, and significant  In males, parameters such as the right and left clavicle
differences between the measurements were identified. Tlaagths, inclined lengths, cross-sectional diameters (vertical
results indicate that the clavicle bone provides importaahd sagittal), volume, and weight were statistically
information, especially for sex and height estimation.  significantly higher compared to females. For instance, in

Table I. General distribution of variables.

Total Sex

Variables Female Male p Value

Mean+SD (Mean + Mean+SD (Mean + Mean+SD (Mean *

Standard Deviation) Standard Deviation) Standard De viation)
Age 46,77+20,63 50,4+20,1 43,14+20,75 0,103
Height 172,41+11,53 164,53+9,13 180,28+7,65 <0,001
Maximum Length (Right)-cm 13,91+1,62 12,51+0,36 15,31+1,09 <0,001
Maximum Length (Left)-cm 14,3+1,54 12,97+0,4 15,63+1,02 <0,001
Inclined Length (Right)-cm 16,25+1,86 14,52+0,51 17,9740,81 <0,001
Inclined Length (Left)-cm 16,67+1,78 15,01+0,47 18,33+0,77 <0,001
Midline Circumference (Right)-cm 2,58+0,37 2,26+0,15 2,89+0,24 <0,001
Midline Circumference (Left)-cm 2,62+0,44 2,33+0,40 2,91+0,26 <0,001
Cross-sectional Vertical Diameter (Right)-cm 1,1140,15 1,040,11 1,22+0,08 <0,001
Cross-sectional Vertical Diameter (Left)-cm 1,1240,15 1,01+0,12 1,23+0,08 <0,001
Cross-sectional Sagittal Diameter (Right)-cm 0,95+0,12 0,85+0,06 1,05+0,06 <0,001
Cross-sectional Sagittal Diameter (Left)-cm 0,96+0,12 0,86+0,06 1,06+0,05 <0,001
Volume (Right)-ml 20,78+3,08 18,22+1,27 23,34+2,04 <0,001
Volume (Left)-ml 20,29+3,11 17,84+1,26 22,74+2,39 <0,001
Weight (Right Clavicle)-Gram 36,29+5,35 31,93+2,09 40,66+3,82 <0,001
Weight (Left Clavicle)-Gram 35,81+5,41 31,48+2,19 40,14+4,01 <0,001
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males, the right clavicle was 1.623 cm longer than in femaldength. The weights of the right and left clavicles increased
while the left clavicle was 1.493 cm longer. The right clavicley 0.293 g and 0.305 g, respectively, per 1 cm increase in
weight in males exceeded that in females by 4.016 g, ahdight. Regarding volume, each 1 cm increase in height
the left clavicle weight was 3.757 g greater. In males, thesulted in an increase of 0.168 ml in the right clavicle and
right oblique length was 2.363 cm longer, and the left obliqu® 18 ml in the left clavicle. These relationships were
length was 2.312 cm longer. All thesedifferences wesatistically significant (p<0.001Yhe age variable did not
statistically significant (p<0.001). Each 1 cm increase ihave a significant effect on clavicle lengths, inclined lengths,
height was associated with significant increases in claviculemss-sectional diameters, volume, or weight parameters. For
morphometric measurements. Specifically, each 1 cmstance, the right clavicle length (p=0.419), left clavicle
increase in height corresponded to a 0.073 cm increasdength (p=0.589), and all other parameters showed no
right clavicle length and a 0.074 cm increase in left clavickatistical relationship with age (Table II).

Table II. Results of multiple linear regression analysis.

Standardized

Model Dependent Variable Ir{;jaer[i)ae&(ggnt Unstandardized Coefficients Coefficients t p
B Std. Emor Beta
. Sex 1,623 0,154 0,503 10,53  <0,001
1 zg“ggﬂgaLengm Age -0003 0,003 -0,032 0812 0419
9 Height 0,073 0,008 0,521 9,768 <0.001
Maximum Length Sex 1,493 0,135 0,486 11,062  <0,001
2 otrem Age -0,001 0,003 0,02 0542 0,589
Height 0,074 0,007 0,55 11,189  <0,001
inclined Length (Right) Sex 2,363 0,108 0,638 21957  <0,001
3 Age 0,001 0,002 0,01 0,397 0,692
cm Height 0,07 0,005 0,431 13,288  <0,001
. Sex 2,312 0,109 0,652 21,167 <0,001
4 gﬁ“”ed Length (Left) Age 0,001 0,002 0,003 0111 0,912
Height 0,064 0,005 0,412 11,965  <0,001
P Sex 0,314 0,03 0,425 10411 <0,001
5 (R'i E‘S_m']m“m rence Age 0,001 0,001 0,014 0429 0,669
9 Height 0,02 0,001 0,617 13522  <0,001
o Sex 0,194 0,083 0,22 2339 0,022
6 ?ﬁff't';'_in?"c“mference Age 0,001 0,002 0,043 055 0,584
Height 0,025 0,004 0,649 6,169  <0,001
| coswdmveca S0 S0 o e 4w oo
. . ge <0, <0, -0, -0, s
Diameter (Right)-cm Height 0.01 0,001 0,773 14876  <0,001
Crose.sectional Vertical Sex 0,055 0,014 0,183 3,773  <0,001
8 Diametor (Lefo-om Age -0,001 <0,001 001 024 0811
Height 0,011 0,001 0,811 14912  <0,001
: : Sex 0,007 0,008 0,426 12,306  <0,001
9 g{;’;se'f‘eerc(tg“ﬁ'tf?g'"a' Age -0001 <0,001 -0,004 015 0,881
9 Height 0.006 <0,001 0.631 16,32 <0,001
Cross-ssctional Sagitial Sex 0,100 0,008 0,437 12,664  <0,001
10 i e (Leto-o Age 0,001 <0,001 0,007 0,235 0,815
Height 0,006 <0,001 0,625 162  <0,001
Sex 2,439 0,262 0,398 932 <0001
11 Volume (Right)-ml Age -0,006 0,005 -0,038 109 0,279
Height 0,168 0,013 0,628 13,144  <0,001
Sex 2,026 0,329 0,327 6,157  <0,001
12 Volume (Lefty-ml Age -0,006 0,007 -0,043 0981 0,329
Height 0,18 0,016 0,666 11,207 <0,001
.. ) Sex 4,016 0,504 0,378 7075  <0,001
13 gﬁigﬁtﬁmghtcmwcm) Age -0013 0,01 0,05 11268 0,208
Height 0,293 0,025 0,632 11,941  <0,001
) . Sex 3,757 0,537 0,349 6,993  <0,001
14 (‘;"r’gr'ght('-Eﬁ Clavicle)- Age 0015 0,011 -0.055 1343 0,183
Height 0,305 0,026 0.649 11,625  <0,001
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In the entire group, as age increased, a decrease was In the entire group, as height increased, an increase
observed in clavicle morphometric measurements. Theseclavicle morphometric measurements was observed. These
decreases were weak in magnitude but statisticaliycreases were very strong and statistically significant for
significant (p<0.05). In females, the effect of age was weadll measurements (p<0.001). In females, strong relationships
and no significant relationship was found for soméetween height and clavicle measurements were found.
measurements (e.g., left midline circumference). In maldsptably, relationships between height and right straight-line
the decreases in measurements with increasing age wergth length (r = 0.882), right inclined length (r =0.854),
more pronounced, and moderate significant relationshipad right clavicle weight (r = 0.928) were prominent. In
were identified. Notably, right straight-line length (r = -males, strong relationships between height and clavicle
0.543), right inclined length (r = -0.494), and right clavicleneasurements were also identified. The relationships
weight (r = -0.559) exhibited notable decreases. The effdmtween height and measurements such as left inclined length
of age was more pronounced in males, with decreaseqiir- 0.946) and left vertical diameter (r = 0.873) were the
both right and left straight-line length being particularlymost pronounced. Height has a very strong positive effect
prominent (Table IlI). on clavicle morphometric measurements (Table IlI).

Table Ill. Pairwise correlations of age and height by total group and sex.

Total Group Female Male
Age Height Age Height Age Height

Maxi Lenath (Riaht r -0,368 0,882 -0,304 ,882 -0,543 0,945
aximum Length (Right)-cm p <0001 <0001 0,047 <0,001  <0,001  <0,001

Maximum Length (Left)-cm r -0366 0,894 -0,337 920 -0,523 0,945
9 p 0,001 <0,001 0,027 <0,001 <0,001 <0,001

. . r -0308 0,865 -0,275 854 -0,494 0,936
Inclined Length (Right)-cm b 0,004 <0001 0,074 <0,001 0,001 <0,001

. r -0308 858 -0,349 0,790 -0,454 0,946
Inclined Length (Left)-cm b 0,004 <0,001 0,022 <0,001 0,002 <0,001

- . . r -0382 0,916 -0,311 0,880 -0,547 0,936
Midline Circumference (Right)-cm p <0001 <0001 0,043 <0,001  <0,001  <0,001

- . r -0304 0,780 -0,080 440 -0,527 0,904
Midline Circumference (Left)-cm b 0,004 <0,001 0.609 0,003 <0,001 <0,001

. . . . r -0426 0,940 -0,375 0,894 -0,585 0,878
Cross-sectional Vertical Diameter (Right)-cm b <0,001 <0,001 0013 <0,001 <0,001 <0,001

. . . r -0426 0,941 -0,366 900 -0,588 0,873
Cross-sectional Vertical Diameter (Left)-cm b <0,001 <0,001 0016 <0,001 <0,001 <0,001

. . . . r -0378 0,925 -0,418 ,900 -0,488 0,904
Cross-sectional Sagittal Diameter (Right)-cm b <0.001 <0.001 0.005 <0.001 0.001 <0.001

. . ; r -0367 0,922 -0,412 897 -0,462 0,900
Cross-sectional Sagittal Diameter (Left)-cm o 0001 <0.001 0.006 <0.001 0.002 <0.001

Volume (Right)-ml r -0406 0,919 -0,423 919 -0,529 0,904
9 p <0,001 <0,001 0,005 <0,001 <0,001 <0,001

Volume (Left)-ml r -0416 0,911 -0,369 881 -0,536 0,903
p <0,001 <0,001 0,015 <0,001 <0,001 <0,001

. ) . r -0416 0,915 -0,385 ,928 -0,559 0,894
Weight (Right Clavicle)-Gram p <0001 <0001 0,011 <0,001  <0,001  <0,001

. . r -0424 0,915 -0,417 0,914 -0,545 0,893
Weight (Left Clavicle)-Gram p <0001 <0001 0,005 <0,001  <0,001  <0,001

DISCUSSION

The determination of sex and age are primary Our study will be the first in Turkey to analyze

diagnostic interests in forensic medical research. Examptég weight, volume, and dimensions of the clavicle bone
include corpses retrieved from fire scenes, deaths duethoough direct measurements during autopsy. Therefore,
trauma or explosive materials, and the advanced stagesvefbelieve that once we reach the target sample size, the
decomposition, where the integrity of the body is severetiata obtained will not only provide anatomical knowledge
compromised postmortem. In such cases, where the bodiest also complement previously published studies
are unrecognizable, bone analysis becomes crucial focused on sex differentiation through clavicular
identifying the victim (Iscan & Steyn, 2013). measurements.
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This study examined the morphometridmportance of clavicular morphometry as a tool for sex and
characteristics of the clavicle bone in the context of variablaégight estimation. In particular, in parallel with the findings
such as sex, height, and age, and the findings were consistétite study published by Ozs algiral (2018) on the clinical
with the literature. Our study revealed significant differencesignificance of clavicular measurements, it was concluded
in clavicle measurements between sexes, demonstrateat these measurements have a wide application potential in
strong correlations with body height, and showed that tierensic anthropology, orthopaedics and biomechanics.
effect of age as a variable was limited. Furthermore, when compared to other studies examining age-

related changes in clavicular morphometry, it has been

In our study, the clavicle lengths, inclined lengthsgoncluded that the effect of the age variable is limited.
circumference measurements, and cross-sectional diameters
of males were found to be significantly higher compared toimitations and Future Studies. Our country has a rich
females. These findings are consistent with the study lbpsmopolitan structure encompassing various ethnic
Bachoureet al (2013), which demonstrated that claviclebackgrounds. The use of clavicular bones obtained from
morphometry is an important tool for sex determinatiorforensic death cases in our study poses legal restrictions for
Additionally, in the analysis performed by Aetal (2017), genetic analysis and ethnic origin identification. Since there
using 3D measurements, it was noted that the clavicle lengthsno data network available to inquire about the ethnic
and volumes of males were significantly larger than thosmckground of the cases included in the study, the information
of females (Arieet al, 2017). Similarly, in another study of regarding whether the individual undergoing the autopsy has
the South African population, collarbone length was reportdisted in Turkey for the past three generations was used for
as a reliable indicator of sex (Ishwarkureaal, 2016). In  ethnic origin analysis. Conducting ethnic origin analysis based
this regard, the clavicle bone plays a critical role, particularlyn verbal information is one of the limitations of our study.
in forensic anthropology and sex estimation studies.

Although this study thoroughly examined various

The strong effect of height on clavicularaspects of clavicular morphometry, the regional distribution
morphometric measurements is one of the important findingé the sample population was limited. Future studies are
of this study. As height increased in both males and femalespected to enhance the generalizability of the results by
significant increases were observed in parameters suchireduding larger populations from different ethnic groups.
clavicle length, inclined length, and weight. This finding iAdditionally, more precise measurements of clavicular
consistent with the results of Pattetlal (2020), who morphometry could be achieved through the use of modern
indicated that each centimeter increase in height leadsitwaging techniques and artificial intelligence-based analysis
significant changes in clavicular morphometry. A strongnethods.
positive correlation between height and clavicular
morphometric measurements was also shown in another In this context, it is clear that clavicular bone
study conducted in Tamilnadu (Prakastal, 2024). In our morphometry provides an important biological indicator in
study, the effect of height on the clavicle was found to henderstanding individual differences and population
more pronounced compared to the age variable. characteristics. This field holds vast potential for both

academic and applied research.

The effect of age on clavicular morphometric
measurements was found to be limited, with a general trend  This study highlights the effects of age and height on
of decreased clavicler measurements as age increasgdvicular morphometric measurements, considering sex
However, these decreases were generally weak and varitiffierences. The results demonstrate that height and age are
between sexes. In males, the effect of age was masignificant predictors in anthropometric analyses. The strong
pronounced, particularly in tiraight-line lengtland clavicle influence of height on measurements is particularly
weight. These results are consistent with the findings of Guedssteworthy and should be taken into account in both clinical
de Almeidaet al (2020), which suggested that age influenceand forensic anthropology applications. Additionally, the
clavicle volume and weight (Guedes de Almaitlal, 2020). potential of Al-assisted analyses to enhance accuracy and
However, Akhlaghiet al (2012) proposed that the effect ofexpedite processes presents an important area of research
age on clavicular measurements is generally negligible. Ofar future studies.
study demonstrates that the effect of the age variable may vary
depending on sex and the type of measurement. ACKNOWLEDGEMENTS . We would like to thank the

Presidency of the Forensic Medicine Institute of the Republic

Overall, the findings obtained in our study are irof Turkey for the support provided for the infrastructure of

strong agreement with the literature that emphasizes ttie study.
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