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ABSTRACT

Objectives: The determination of sex and estimation of age are parameters that help in
the identification of individuals in all fields of forensic science. This study aimed to calculate
standard measurements according to sex and age in morphometric analysis of the 4th costa
using multi-slice computed tomography (MSCT). Methodology: Measurements were taken
on MSCT images of patients aged 20-70 years, who had undergone CT imaging for various
reasons. Using the morphometric characteristics of the 4th costa and junction with the spine
on the thorax CT images, measurements were taken of the angulation of the right and left 4th
costa, the distance between the sternum and the vertebra, the distance between the two costae,
the distance between the two ends of the right and left 4th costa separately, and the depth of
the two costae. Adding age and gender to these variables, 10 parameters were evaluated in
total. Results: As a result of the analyses, the mean values of right costovertebral angle,
sternum-vertebra distance, inter-costal distance, left and right costa lengths, and left costa
depth were found to be statistically significant according to sex. In the differentiation of age
groups, the right costovertebral angle, the sternum- vertebra distance, and the right and left
costa lengths were found to be statistically significant. Conclusion: The results of this study
of a Turkish population showed that the morphometric properties of the 4th costa show
differences in the determination of age and sex. With the benefit of these differences, it is
possible to differentiate males and females, and even age groups. As there are societal
differences, standard morphometric values have to be determined so it will be necessary to
conduct these studies more widely and obtain appropriate standard values for every
population.
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INTRODUCTION:

All the characteristics that are
effective in the recognition, definition and
differentiation of a person from others are
called “identity”. The revealing of these
characteristics of a living or deceased
person is the process of “identity
determination” (Soysal and Cakalr,
1999). For various reasons, it may be

necessary to determine the identity of a
living or deceased person. ldentity
determination of the living has become
international in character with all the
elements coming from an individual or
societal case. ldentification has become
one of the most important subjects in
forensic medicine (Ko¢ and Can, 2011).
All the procedures that are applied to the
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living or the dead which are required in
forensic medical examination start with the
determination of identity, for which a
series of methods are used, which can be
listed as; identity documents, witnessed
proof of identity, personal belongings,
photographic comparison, facial
reconstruction,  forensic  anthropology
studies, teeth and bones, blood stains
(Asirdizer M et al., 2005).

In the process of identification, the
determination of age and sex is made in
particular. Since the beginning of the 20th
century the results of systematic studies
related to the ossification process of bones,
and radiological anatomy atlases, widely
used throughout the world, have been used
to identify diseases related to skeletal
development (Unliitiirk and Iscan, 2013).
While determination of skeletal age was
first used to determine growth disorders
and estimate the adult height of children, in
recent years forensic age determination has
emerged as a very important area in the
evaluation of the skeletal age of living
persons (Demirkiran et al.,, 2014). In
March 2000 the international and
interdisciplinary Forensic Age Calculation
Working Group was established in Berlin.
This group produced guidelines to be used
in age calculations in criminal, civil and
asylum processes. To provide quality
control of the age calculations, the
participating centres were instructed to
send physical examination findings and x-
ray images of the cases several times a
year for age calculations to be made
(Association for Forensic  Age
Diagnostics. (AGFAD)).

Sex determination from skeletal
remains is extremely important for any
forensic investigation. The determination
of sex from a human skeleton is made with
non-metric measurements by forensic
medicine specialists, anthropologists and
anatomists.  In  recent  years,  sex
differentiation has been able to be made on
different bones. All the bones of the body
are used, primarily the long bones, skull
bones and pelvic bones (Unlutiirk and

Iscan, 2013, Hussein et al., 2016).

The morphometric standards
determined for gender differences in the
skeleton may vary according to the
relevant population. Genetic,
environmental, and climate differences can
change the phenotype of a population.
Therefore, the morphometric standards
determined for a population cannot be
applied universally. As a general rule, if
standards have been determined for a
certain population, they can only be
applied to that population (Niggemann et
al., 2012, Sweilum et al., 2017).

The estimation of bone age and sex is
an important part of forensic anthropology.
Costa morphometry is of great importance
in anthropological studies, and this can be
examined with radiological methods or
macroscopic examination. In the age
determination of the dead, macroscopic
methods, in particular, are used. Good
results have been obtained in studies made
using the pubis joint, the ileum, right 4th
rib, and forearm bones (Bass, 2005). In age
and sex determination of the living, useful
results have been obtained with
radiological methods  rather  than
macroscopic, and especially with multi-
slice  computed tomography (MSCT)
(Nougarolis et al., 2017). Significant
advantages of this are the ability to prevent
artefacts in radiological studies, the ability
to obtain 3-dimensional imaging with
developing technology and to take repeated
measurements from the stored digital data
(Ekizoglu et al., 2017).

In human identification, the physical
characteristics of sex, age, height, weight,
hair, skin, eye colour, fingerprints, bones
and teeth are taken into consideration. Of
these, age and sex are of great importance
for forensic medicine identity
determination (iscan et al., 1989).

The present study aimed to determine
1) standardized angulation values between
the 4th costa and the corresponding
thoracic vertebra, 2) the distance between
the sternum, costa and vertebra according
to age and sex using MSCT.
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MATERIAL & METHOD

A. Equipment and Method:

The study included subjects who had
presented at the Radiology Department of
Inénii  University Turgut Ozal Medical
Centre and underwent thorax tomography.
The study was conducted between 2014-
2015. Patients in the age range of 20-70
years were selected at random irrespective
of gender. The images were excluded from
the study if the patient had congenital or
acquired thorax or vertebra deformity,
chest trauma, a history of chest disease or
metabolic disease, chronic obstructive
pulmonary disease (COPD) which could
lead to thorax deformity, asthma or
obesity.

A total of 133 males and 126 females
were identified within a one-year period
who met the study criteria. As a result of
power analysis, two groups were formed,
including an equal number of males and
females. The thorax image measurements
were taken using an MSCT unit (Somatom
Emotion 16-slice, Siemens, Germany)
(Figure-1). The measurements were made
in a double-blinded manner by a Forensic
Medicine specialist and a Radiology
specialist. The morphometric parameters
were the measurements of the angle made
by the right and left 4th costa with the
vertebra at the same level, the distance
between the vertebra and the sternum, the
distance between the two 4th costae, the
length of each 4th costa separately, and the
deepest length of each 4th costa (Mc
Cornick, 1980, Darwish et al., 2017).

B. Morphometric Parameters
Measured in the Study

In the measurements, the midline was

determined by drawing a vertical line from
the sternum to the 4th thoracic vertebra of
the subject parallel to the ground. By
determining the 4th costa forming the joint
with the transverse process of the vertebra,
the angle made with this line was measured
(Figure-2, Figure-3). The measurement
was made on both left and right sides.
Then the distance between the sternum and
the vertebra corpus was measured (Figure-
4). The costa diameter was measured
taking into consideration the deepest
sections of both costae. The distance
between the costovertebral joint and the
sternovertebral  joint was measured
separately for each costa (Figure-4). Then
the distance of the deepest section of the
costae to be 90° from these lengths was
measured separately (Figure-5, Figure-6).
All the measurements were taken by two
researchers at different times.

Approval for the study was granted by
the Ethics Committee of the relevant
department of the university

C. Statistical Analysis

It was calculated in the power analysis
that for a mean angle difference of 2.3° in
the 4th costa according to sex when 0=0.05
and power = 0.80, it was necessary to have
126 subjects in each group. In the
comparison  of the  morphometric
measurements of the 4th costa according to
sex, the Student’s t-test was used. In the
comparison ~ of  the  morphometric
measurements of the 4th costa according to
age groups, the Anova test was applied to
parameters showing normal distribution
and the Kruskall Wallis test for parameters
not showing  normal  distribution.
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140,1°(39,9°)

Figure (2): Right-side 4th costovertebral angle measurement
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142,0°(38,0°)
,

Figure (3): Left-side 4th costovertebral angle measurement

Figure (4): Measurement of the distance between the sternum - vertebra and 4th costa
The measurement of the distance between the two costae is shown with the red arrow
The measurement made between the vertebra and the sternum is shown with the blue arrow
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Figure (6): Measurement of the length and depth of the right-side 4th costa

RESULTS

The mean age of the cases was
calculated as 48.65+14.80 years for males
and 45.90+13.40 years for females. The
mean left costovertebral angle was
calculated as 138.76°+5.89° in males and
139.41°+6.13° in females, with no
statistically significant difference
determined (t-test: p>0.05). The mean right

costovertebral angle was calculated as
137.54°+5.62° in males and 139.05°+5.35°
in females, with a statistically significant
difference (t-test: p<0.05) (Table-1).

The distance between the sternum and
the  vertebra ~was  measured as
89.67+15.99mm in males and
78.50£14.38mm in females, with the
difference determined as statistically
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significant in the t-test (p<0.05). The
distance between the two costae from the
deepest point was measured as
219.95£19.36mm in males and
198.77+£20.5mm in females, with the
difference determined as statistically
significant in the t-test (p<0.05) (Table-1).

The length of the left costa measured
between the two ends was 115.02+62.79
mm in males and 97.18+16.34mm in
females with the difference determined as
statistically ~ significant in the t-test
(p<0.05). The length of the right costa
measured between the two ends was

108.16+ 18.15mm in  males and
96.54+17.08 mm in females with the
difference determined as statistically
significant in the t-test (p<0.05) (Tabl-1).
The depth of the left costa was
measured as mean 90.82+10.84mm in
males and 82.34+9.10mm in females, with
the difference determined as statistically
significant in the t-test (p<0.05). The depth
of the right costa was measured as mean
90.61+10.72mm in males and
81.62+10.15mm in females, with the
difference determined as statistically
significant in the t-test (p<0.05) (Table-1).

Table (1): Comparison of the morphometric measurements of the costae according to sex

Male Female t

MeanSD MeanzSD P
Age 48.65+14.80 45,90 +13.40 1.56 0.119
Left costovertebral angle 138.764+5.89 | 139.41+6.13 -0.87 0.385
Right costovertebral angle 137.5445.62 | 139.05+5.35 -2.20 0.028
Sternum-vertebra distance 89.67+15.99 78.50+14.38 5.85 0.000
Distance between costae 219.95+19.36 | 198.77+20.5 8.46 0.000
Left costa length 115.02462.79 | 97.18+16.34 3.08 0.000
Right costa length 108.16+18.15 | 96.54+17.08 5.25 0.000
Left costa depth 90.82+10.84 82.34+9.10 6.75 0.000
Right costa depth 90.61+10.71 81.62+10.15 6.86 0.000

* As the data conformed to the normal distribution, the t-test was applied and a value of p<0.05 was

accepted as statistically significant

Comparison of the morphometric
measurements of the costae according to
age groups

The mean right costovertebral angle
was calculated as 138.52+4.70° in the 20-
30 years age group, 137.83+4.26° in the
31-40 years age group, 136.35+5.18° in the
41-50 years age group, 138.51+6.24° in the
51-60 years age group, and 139.62+6.12°
in the 61-70 years group. As a result of the
Anova test, the differences were found to
be statistically significant (p<0.05) (Table-
2).

The sternum-vertebra distance was
measured as 76.73+£15.38mm in the 20-30
years age group, 77.67£11.90mm in the
31-40 years age group, 83.45+15.10mm in
the 41-50 years age group,
89.40£14.22mm in the 51-60 years age
group, and 88.96+£18.51mm in the 61-70

years group. As a result of the Anova test,
the differences were found to be
statistically significant (p<0.05) (Table-2).

The distance between the two 4th
costae was measured as 211.94+22.37mm
in the 20-30 years age group,
212.52422.33 mm in the 31-40 years age
group, 207.09£26.02mm in the 41-50 years
age group, 206.44+25.34mm in the 51-60
years age group, and 210.25+17.70 mm in
the 61-70 years group. As a result of the
Anova test, no statistically significant
difference  was determined (p>0.05)
(Table-2).

The length of the right 4th costa
measured between the two ends was
93.59+17.25mm in the 20-30 years age
group, 95.72+13.40mm in the 31-40 years
age group, 101.55+£19.82mm in the 41-50
years age group, 108.83+15.86mm in the
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51-60 years age group, and 107.29+20.33
mm in the 61-70 years group. As a result
of the Anova test, the differences were
found to be statistically significant
(p<0.05) (Table-2).

The depth of the left 4th costa was
measured as 86.68+11.77mm in the 20-30
years age group, 88.44+10.06 mm in the

31-40 years age group, 85.28+12.31mm in
the 41-50 years age group,
87.15+£10.16mm in the 51-60 years age
group, and 85.87+10.56 mm in the 61-70
years group. As a result of the Anova test,
no statistically significant difference was
determined (p>0.05) (Table-2).

Table (2): Comparison of the morphometric measurements of the 4th costae according to age
groups (parameters showing normal distribution)

20-30 31-40 41-50 51-60 61-70
years years years years years F P
MeantSD | MeanzSD | MeanxSD | MeantSD | Mean+SD
RIgNt | 138 59447 | 137.83+4.2 | 136.35+5.1 | 138.516.2 | 139.62+6.1 0.03
costoverteb 2.65
0 6 8 4 2 4
ral angle
Sternum- | oo o 153 | 77.67+11.9 | 83.45+15.1 | 89.40+14.2 | 88.96+18.5 0.00
Vertebra 7.44
; 8 0 0 2 1 0
distance
B;f;‘g‘ecﬁ 211.94+22. | 212.52422. | 207.09+26. | 206.44+25. | 210.25+17. | 0.72 | 0.57
37 33 02 34 70 1| 8
costae
Right costa | 93.5917.2 | 95.72+13.4 | 101.55219. | 108.83+15. | 107.29+20. | 7.00 | 0.00
length 5 0 82 86 33 1] 0
Left costa | 86.68+11.7 | 88.44+10.0 | 85.28+12.3 | 87.15+10.1 | 85.87+10.5 | 0.64 | 0.63
depth 7 6 1 6 6 1| 4

* As the data conformed to the normal distribution, the Anova test was applied and a value of p<0.05 was
accepted as statistically significant

The mean left costovertebral angle
was calculated as 122.96 ° in the 20-30
years age group, 125.44° in the 31-40
years age group, 123.56° in the 41-50
years age group, 130.01° in the 51-60
years age group, and 141.31° in the 61-70
years group. As a result of the Kruskall

Wallis test, no statistically significant
difference  was determined (p>0.05)
(Table-3).

The mean length of the left 4th costa
measured between the two ends was
90.81mm in the 20-30 years age group,
99.28mm in the 31-40 years age group,
132.27mm in the 41-50 years age group,

150.71mm in the 51-60 years age group,
and 144.62mm in the 61-70 years group.
As a result of the Kruskall Wallis test, the
differences were found to be statistically
significant (p<0.05) (Table-3).

The depth of the right 4th costa was
measured as mean 131.26 mm in the 20-30
years age group, 144.70 mm in the 31-40
years age group, 121.49mm in the 41-50
years age group, 123.18mm in the 51-60
years age group, and 120.66mm in the 61-
70 years group. As a result of the Kruskall

Wallis test, no statistically significant
difference  was determined (p>0.05)
(Table-3).
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Table 3: Comparison of the morphometric measurements of the 4th costae according to age
groups (parameters not showing normal distribution)

20-30 | 31-40 | 41-50 | 51-60 | 61-70
years | years years | years years %2 0
Mean | Meant | Meant | Meant | Meant
+Sd Sd Sd Sd Sd
Left costovertebral angle | 122.96 | 125.44 | 123.56 | 130.01 | 141.31 | 2.45 | 0.65
Left costa length 90.81 | 99.28 | 132.27 | 150.71 | 144.62 | 25.20 | 0.000
Right costa depth 131.26 | 144.70 | 121.49 | 123.18 | 120.66 | 3.93 | 0.415

* As the data did not conform to the normal distribution, the Kruskall Wallis test was applied and a value
of p<0.05 was accepted as statistically significant

DiSCUSSION

There is a current need for
identification in wars, natural disasters,
refugee deaths, deaths in massive
accidents, and because of the problems
encountered in the international judicial
system during the proceedings of crimes
against humanity. Since the judicial
authorities ask anthropologists and forensic
medicine experts for help, the number of
identifications is increasing every year
together with the development of
biological profiles. In the past, manual
studies were performed on wet and dry
bones from skeletal remains using
macroscopic examination methods for age
and sex determination. In this century, the
use of radiological examination methods in
bone examination for age determination,
especially in living cases, is demanded by
the judicial authorities as damage is
minimal. Recent literature in particular has
shown that the CT scan is an effective
method in macroscopic bone studies
(Niggemann et al., 2011). Although there
are studies in literature on age and sex
determination using CT investigations on
various bone groups, the present study is
the first to be based on the angulation of
the 4™ costa with respect to the vertebrae.

McCormick et al. investigated more
than 1100 chest plate roentgenograms and
reported, that the width of the 4™ costa is
more sexually dimorphic than the 29, 3"
and 5" costae (Mc Cornick, 1980). In
2003, Kocak et al. also confirmed that the
sexual dimorphism can be evaluated using
the right 4" costa (Kocak et al., 2003).

Another study conducted in Egypt revealed
that osteometric analysis of the width of
the 4" costa is a precise method of sex
determination from skeletal remains
(Darwish et al., 2017). In a study
conducted by Iscan et al., in which the
measurements were made on dry bones, it
was stated that the right 4" costa shows
age-related changes and it can be used in
sex determination with great reliability
(Iscan et al., 1984). In a study by Gangal et
al. in which they investigated the role of
the sternal end of the 4th costae in the sex
determination of 94 dead bodies at
autopsy, it was demonstrated that there is a
clear difference between males and
females in respect of the anterior to
posterior width of the 4™ costae and it can
be used in sex determination (Gangal et al.,
2012). The accuracy of sex determination
has been shown to be high in the analyses
of cases aged 40 to 75 years and the
accuracy decreases when the cases are
younger than 15 years. In addition, the
anterior to posterior width of the right and
left costae has been stated to be the most
reliable measurement in sex determination
(Gillet et al., 2020). In line with the
literature, the results of this study revealed
the importance of the 4th costae in
determining age and sex. In the current
study, when the distances between the right
and left 4" costae were compared, there
were seen to be significant differences
between the age groups of younger than 40
years and older than 50 years. The mean
costovertebral angle of the right 4" costae
was found to be significantly higher in
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females than in males. This is the first
study in the literature to have demonstrated
this. There was also a statistical difference
between the 41 — 50 years and 61 — 70
years age groups, with the mean distance
between the sternum and vertebrae
measured at a greater value in males than
in females. This will be beneficial instudies
in which radiological examination methods
are used, especially for sex determination.
One of the earliest studies that
considered the costa features and used CT
in age and sex determination evaluated the
sternal end features of the first costa of 160
subjects aged between 15 and 30 years.
That study revealed that the sternal end
features of the first costa made it possible
to determine the age of living or dead
young subjects (age<30 years)(Moskovitch
et al., 2010). When the age groups were
compared in the current study, there were
statistically significant differences between
the age groups of 20 — 30 and 51 — 60 and,
61 — 70, and between 31 — 40 and 51 — 60
years, and 61 — 70 years. Statistically
significant results were obtained when the
right 4™ costovertebral angle, the distance
between the sternum and vertebra, and the
lengths of the right and left 4™ costae were
measured. It was determined that the right
4™ costovertebral angle decreases with
ageing up to the age group of 41 — 50 years
and then increases again with further
ageing, and other parameters were found to
increase in parallel with age. The
endocrinological and osteological changes
such as menopause, andropause and
osteoporosis that individuals develop with
ageing are known to have effects on the
above-mentioned parameters. On the basis
of the data from the present study, the
differences between the sexes, similar to
data from previous studies, can be
considered to be linked to endocrine and
biomechanical differences. It is also
thought that the difference between the
sexes that was observed only in the right
costovertebral angle measurements,
especially when the differences between
measurements of the left and right 4"

costovertebral angle were considered, is
related to the anatomic structure rather
than the factors mentioned above, and the
localisation of the heart and other major
vascular structures on the left side of the
thorax explains the lack of statistical
difference.

A study of 340 subjects used the data
from measurements of the 4" costa and
sternum in sex determination and revealed
that the best data for sex determination was
obtained from MSCT scans of the sternal
area and the width of the 4™ costa. The use
of the width of the left 4" costa for sex
determination was also suggested because
the width measurements of the left 4"
costa were more significant than the width
measurements of the right 4" costa. It was
reported that cut-off values of 5600 mm?
for the sternal area and 16 mm for width of
the 4" costa can be used for sex
determination (Ramadan et al., 2010). The
data obtained in the study were compatible
with the literature. In the current study, the
mean distance between both costae at the
deepest level was determined to be greater
in males than females. The measurements
for the evaluation of the distance between
the costosternal and costovertebral parts of
both right and left costae on a straight line
revealed that mean distance was greater in
males than in females and the difference
was found to be significant in respect of
sexual dimorphism.

CONCLUSION

The determination of age and sex from
the living, the deceased, and skeletal
remains is of the greatest importance in
identity determination by anatomists,
anthropologists and forensic medicine
specialists. The costae are bones that are
often used by researchers in sex
determination.  Genetic, physical and
nutritional conditions, congenital
anomalies, endocrinological disorders,
osteoporotic changes, environmental and
climate differences change the phenotype
of a population. The morphometric
standards determined for age and sex
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differences vary according to the related
population. Therefore, there is a need for
new studies of societies at certain intervals,
and the advantages and superiorities of
computed tomography in these studies
have been shown compared to other
methods. Computed tomography
previously taken for any reason will be
useful in clarifying identity determination.

It was determined in this study that the
right costovertebral angle, the distance
between the sternum and the vertebra, the
distance between the ribs, the right and left
costal distance, and the right and left costal
depth could be used for sex determination.
It was also determined that the right
costovertebral angle, the distance between
the sternum and the vertebra, the right
costal distance and the left costal distance
could be used for age determination.

In this study of a Turkish population,
differences were determined in the 4th
costae morphometric characteristics in age
and sex determination. The results showed
that with the benefit of these differences,
male and female differentiation can be
made and even age groups can be
determined. As it is necessary to determine
morphometric standard values because of
societal differences, it can be considered
necessary for these studies to become more
widespread and for appropriate standard
values to be obtained for every population.
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