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1 Abstract

Introduction and Objective. Determination of the sex of skeletal remains is of great importance in forensic anthropology.
Since skeletons can often be incomplete, sex assessment based on a single bone becomes useful. The aim of this study is
to investigate the sexual dimorphism of the patella, and the accuracy of patellar measurements in determining the sex of
an individual in a contemporary Polish population sample using computed tomography.

Materials and Methods. The study sample consisted of adult patients of Polish descent undergoing computed tomography
angiography of lower extremities. A total of 130 individuals (69 males and 61 females) were included in the study. Five
measurements were examined for left-hand side patellas: craniocaudal patella dimension (CCP), transverse patella dimension
(TP), anteroposterior patella dimension (APP), patellar angle (PA) and patellar volume (PV).

Results. All studied measurements were significantly higher in males than in females. According to the receiver operating
characteristics analysis, PV proved to be the most reliable parameter for distinguishing male from female patella, with an
accuracy rate of 83.9%. The CCP and TP also showed high accuracy values of 82.3% and 81.5%, respectively. PA proved to
be the least effective parameter for sex identification in the study (61.5% accuracy). The multivariate model, based on all
measurements, achieved an accuracy of 82.3%. An analysis of variance showed that there was no statistically significant

difference between the multivariate and the univariate model for patellar volume.
Conclusions. The results indicate that the patellar measurements, especially PV, may be useful in sex determination in the

Polish population.
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INTRODUCTION AND OBJECTIVE

Determination of the identity of a deceased person is a two-
step procedure, involving the creation of a biological profile
and assessment of the person’s individual characteristics.
Establishing a reliable biological profile is the most important
part of the work of forensic anthropologists. The profile
comprises sex, age, stature and ancestry. Individual traits of the
deceased, such as moles, scars, tattoos, or any abnormalities
and deformities visible on the decomposed body and/or
skeleton, assist in the ante- and post-mortem comparison
of traits. The whole procedure is designed to narrow the
search and identify an individual from among a group [1].
Methods commonly used to determine sex can be classified
as non-metric — morphological, or metric, which are very
important in the identification process despite the existence
and development of molecular techniques, such as DNA
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fingerprinting. Molecular methods are highly sophisticated,
with a higher degree of reliability, although rather complex,
invasive, expensive and time-consuming [1].

The need for single-bone skeletal identification arises when
the body is dismembered, significantly disfigured, or highly
decomposed. In these scenarios, forensic anthropologists
usually rely on the skull or pelvis to determine sex, both of
which are considered the most reliable bones in determining
the sex of skeletal remains, using metric or non-metric
approaches [2]. However, the incompleteness of the skeleton
or the destruction of highly sex dimorphic bones is often
a significant problem. In such situations, methods of sex
determination based on single bones become relevant [3-8].
The usefulness of the patella in determining sex has been
studied previously, although to date not in the contemporary
Polish population [9-14].

The present study was designed to investigate the sexual
dimorphism of the patella and the accuracy of patellar
measurements in determining the sex of an individual
in a sample of the contemporary Polish population using
computed tomography (CT).
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MATERIALS AND METHOD

Data collection. The data utilised in the present study were
obtained from a random selection of patients of Polish
descent who underwent routine CT angiography (CTA)
examinations of the lower limbs in the University Hospital
No. 4 in Lublin, eastern Poland. The study sample consisted
of 130 CTA examinations (69 males and 61 females) from an
initial group of 200 CTA examinations (100 males and 100
females). Exclusion criteria included patients under 18 years
of age, patellar fractures, knee replacement surgery, advanced
osteoporosis and congenital abnormalities.

Ethical approval. The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki and
was approved by the Bioethics Committee of the Medical
University of Lublin (Approval No. KE-0254/238/11/2023).
Informed consent was waived due to the retrospective nature
of the study.

Imaging data. Computed tomography scans were performed
using a 64-row scanner (GE Medical Systems) using a
standard protocol with spiral acquisition and 1.2 mm slice
thickness. CTA studies were used for the analysis due to high
spatial resolution.

Measurements and 3D reconstruction. Measurements were
obtained from CTA images using an AW4.7 workstation (GE
Medical Systems). Using properly adjusted CTA scans, three
linear measurements and one angular measurement were
taken - craniocaudal patella dimension (CCP), transverse
patella dimension (TP), anteroposterior patella dimension
(APP) and patellar angle (PA) (Fig. 1A). Definitions of the
linear and angular parameters of the patella are presented
in Table 1. The 3D patella reconstruction was obtained by
separating the investigated patella from the surrounding
structures using multiple slice editing tools. Patellar volume
(PV) was then calculated automatically after setting the
proper threshold of 2160 Hounsfield units (HU) (Fig. 1B).

Statistical analysis. Statistical analyses were performed
using the statistical language R (version 4.3.1; R Core Team,
2023, on Windows 10 pro 64 bit); level of significance
a=0.05. Descriptive statistics including mean, standard
deviation, minimum and maximum values were calculated
for measurements and age of subjects. The normality of
the data distribution was tested using the Shapiro-Wilk
test; Student’s t-test was used to test the significance of
inter-group differences. When the assumption of equality
of variance was violated, the Welch’s t-test was used. To
estimate discrimination between sex groups, cut-oft points

Table 1. Definitions of linear and angular parameters of the patella

Parameter (abbreviation) Definition

Distance between base and apex of

Craniocaudal patella dimension (CCP)
patella

Distance between medial and lateral

Transverse patella dimension (TP) bordes@rpatella

Greatest distance between the anterior
and posterior sides

Anteroposterior patella dimension
(APP)

Angle between the lines parallel to the

Patellar angle (PA) medial and lateral patellar facets

were calculated for individual morphological parameters
and patella dimensions. To maximise the number of correct
classifications, the accuracy maximisation method was
applied. The quality of the discrimination results was further
assessed using key binary classification metrics. Specifically,
measures of the area under the curve (AUC), sensitivity
and specificity, were estimated. In addition, a multivariate
model was used to estimate sex discrimination, which
included all parameters tested. The logistic regression model
implemented, using a probit linking function, allowed for the
highest value of the coefficient of determination (Nagelkerke’s
R?) compared to other competing functions, suggesting a
better ability of the model to explain variation in the data.
To compare the discriminatory ability of the univariate and
multivariate models, an analysis of variance (ANOVA) test
was applied. A likelihood ratio test was additionally applied.

RESULTS

Descriptive statistics. The sample included 69 males and
61 females, with an average age of 59.84 and 60.25 years,
respectively. The average age of all subjects was 60.03
(standard deviation - 16.30 years) and ranged from 18-93
years. Table 2 shows the descriptive statistics in the study
sample.

Table 2. Descriptive statistics of patella measurements in the study
sample with the result of the normality test

Parameter M SD Min Max p Shapiro-Wilk
CCP, mm 42.01 4.48 33.50 55.00 0.199
TP, mm 45.70 4.22 35.60 57.40 0.632
APP, mm 22.20 1.88 17.00 26.00 0.216
PA,° 131.05 8.21 103.50 152.90 0.455
PV, cm? 18.23 4.65 777 30.52 0.389

CCP - craniocaudal patella dimension; TP - transverse patella dimension; APP - anteroposterior
patella dimension; PA - patellar angle; PV - patellar volume; M — mean value; SD - standard
deviation; Min — minimum value; Max — maximum value; p - p-value of the statistical test

Assessment of the significance of the sex differences. Table 3
presents the distribution of age and tested patella parameters
in relation to the sex factor of the participants with the
results of the significance of sex differences. The age of the
participants did not differ significantly between men and
women (p = 0.888). With the exception of patella angle, all
parameters studied had equal levels of variance in both the

Table 3. Distribution of age and tested patella parameters in relation
to the sex factor of the participants with the results of the significance
of differences

Parameter Group (n=130) p g“Hedgm
Males (n1 =69) Females (n2 =61)
M (SD) M (SD)
Age, years 59.84 (15.82) 60.25 (16.95) 0.888 0.03
CCP, mm 44.72 (3.62) 38.95(3.22) <0.001 -1.67
TP, mm 48.23 (3.23) 42.84(3.27) <0.001 -1.65
APP, mm 23.08 (1.67) 21.21(1.59) <0.001 -1.14
PA,° 132.73(9.39) 129.15(6.17) 0.011  -0.45
PV, cm? 21.91 (3.61) 14.88 (3.21) <0.001 -1.84

CCP - craniocaudal patella dimension; TP - transverse patella dimension; APP — anteroposterior
patella dimension; PA - patellar angle; PV - patellar volume; n - group size; M - mean value
value; SD - standard deviation; p - p-value of the statistical test; g”Hedges— Hedges' g effect size
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16.773 cm’®

Figure 1. A. Measurements of the patella. B. 3D patella reconstruction with automatically calculated patellar volume.
CCP - craniocaudal patella dimension; TP - transverse patella dimension; APP - anteroposterior patella dimension; PA - patellar angle

Table 4. Estimated cut-off points of the tested patella parameters along
with quality metrics of the diagnostic tests

Parameter Optimal AUC  Sensi-  Speci- Accuracy Correctly
cut-off tivity ficity classified
point Males  Females
CCP,mm  >42.00 0.886 783%  86.9% 82.3% 783%  86.9%
TP, mm 24560 0.884 82.6% 82.0% 81.5% 82.6% 82.0%
APP,mm  >21.70 0.798 855%  63.9% 75.4% 85.5%  63.9%
PA,° >133.10 0635 37.7%  88.5% 61.5% 37.7%  88.5%
PV, cm? 21749 0905 84.1% 83.6% 83.9% 84.1% 83.6%

CCP - craniocaudal patella dimension; TP - transverse patella dimension; APP —anteroposterior
patella dimension; PA - patellar angle; PV - patellar volume; AUC - area under the curve

male and female groups. CCP, TP, APP and PV values were
significantly larger in males — p < 0.001. The effect size for
these differences was also large, §,, . . = [-1.14 to -1.84]. PA
was also significantly different between males and females,
with males having a greater mean angle (132.73°) compared
to females (129.15°). However, the effect size was smaller

(Z110gqs = [-0:45]).

Assessment of cut-off points. Table 4 reveals estimated
cut-off points of the tested patella parameters along with
quality metrics of the diagnostic tests. In the present study,
the presence of a test trait was defined as the occurrence of
male sex.

According to the metric of the AUC, PV proved to be the
most reliable parameter for distinguishing male from female
patella (AUC = 0.905). This was also confirmed by the high
values of accuracy, sensitivity and specificity (83.9%, 84.1%
and 83.6%, respectively). CCP and TP also showed high
ability to discriminate sex, with AUCs of 0.886 and 0.884,
respectively. The accuracy for CCP was 82.3%, and for TP was
81.5%, but it is worth noting that the sensitivity and specificity
for these parameters were not as evenly distributed as for
PV. APP showed moderate ability to discriminate between
sexes (AUC =0.798, 75.4% accuracy). Despite high sensitivity

(85.5%), specificity for this parameter was significantly lower
(63.9%). PA proved to be the least effective parameter for sex
identification (AUC = 0.635). The accuracy, sensitivity and
specificity for this parameter were relatively low (61.5%, 37.7%
and 88.5%, respectively).

In the following analysis, a multivariate model was created
based on all the measurements studied. The coefficients of the
fitted logistic regression model examining the occurrence of
male sex are shown in Table 5. Importantly, the model does
not show collinearity of any explanatory variables. Finally,
the model explained 64% of the variance in the dependent
variable, i.e. it was a good fit to the data and had relatively high
power in explaining patellar sexual dimorphism. A summary
of the results in Table 5 suggested that PV was the only factor
significantly affecting patellar sexual dimorphism. A logistic
regression model, with a probit linking function, showed that
each additional 1 cm® of patella volume increased the relative
risk of male sexual dimorphism by 22%.

Table 5. Coefficients of the fitted multivariate logistic regression model

with probit link function, R2Nagelkerke =0.64

Explanatory variable RR C195% p
Constant 0.00 0.00 - 0.00 0.001
CCP, mm 1.1 0.98 - 1.26 0.121
TP, mm 1.04 0.90-1.21 0.590
APP, mm 1.03 0.82-1.30 0.796
PA,° 1.02 0.98 - 1.06 0.277
PV, cm? 1.22 1.06 - 1.41 0.006

CCP - craniocaudal patella dimension; TP - transverse patella dimension; APP - anteroposterior
patella dimension; PA - patellar angle; PV - patellar volume; RR - relative risk; Cl 95% - 95%
confidenceinterval; p - p-value of the statistical test; R? -Nagelkerke’s pseudo-R-squared

Analysis of the results of the logistic regression models
provided information on the predictive performance of
sexual dimorphism based on the multivariate model. The
multivariate model achieved an AUC of 0.915 (Fig. 2A), a
value which is slightly higher (by about 0.01) compared to
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Figure 2. A. Receiver operating characteristics (ROC) curve for multivariate model consisting of all studied parameters. B. ROC curve for patellar volume (PV).
CCP - craniocaudal patella dimension; TP - transverse patella dimension; APP — anteroposterior patella dimension; PA - patellar angle; PV - patellar volume

the univariate model, which was based only on PV (Fig. 2B).
Furthermore, the multivariate model had a lower level of
sensitivity (81.2% vs. 84.1% for the univariate model), but
a slightly higher level of specificity (86.9% vs. 83.6% for the
univariate model) and lower level of accuracy (82.3% vs.
83.9% for the univariate model). However, despite these
differences, the ANOVA test showed that there was no
statistically significant difference between the multivariate
and univariate models (p = 0.189).

DISCUSSION

The present study aimed to assess the utility of patella
measurements in sex determination using CT in a
contemporary Polish population. Studies which focus on
sex determination utilising radiological methods, such as CT
or magnetic resonance imaging (MRI), have a vital role in
modern forensics. These methods provide novel approaches
in the field, allowing a non-invasive, accurate and repeatable
examination of a large amount of contemporary skeletal data.
Moreover, radiological methods enable the study of both
ante-mortem and post-mortem subjects. Many researchers
have used post-mortem CT examinations in their studies, as
the assessment of bone morphology using CT does not differ
significantly from calliper measurements [15-18]. According
to Lo Re et al., the use of post-mortem imaging is vital as a
complementary technique, and it becomes crucial in certain
selected cases and situations, such as putrefied, carbonized,

or highly damaged bodies. It is also used as a preliminary
evaluation in mass disasters [15]. According to INTERPOL’s
Disaster Victim Identification (DVI) Guide, CT imaging isan
important element in identifying victims of mass casualties
disasters and can be used to determine the sex of human
remains [19]. For instance, DVI protocol was used to identify
a corpse thathad been buried in an Italian cemetery that had
collapsed into the sea [20]. Initially, the sex was inferred based
on the appearance of the well-preserved body.

In the past, numerous studies have focused on using the
patella in sex determination [9-14]. In the current study,
CCP, TP, APP and PV values were significantly larger in
males than in females, and previous studies performed on
different populations have also reported that the mean values
of patellar measurements for males were usually greater than
in females. In the present study, the univariate analysis of
linear and angular parameters of patella yielded a sex accuracy
rate of 61.5% — 82.3%. A comparison with previous research
that was also based on radiological methods can be found
in Table 6. It may be argued that studies on the accuracy of
patella measurements in sex determination reach conclusions.

The most reliable and accurate parameter for distinguishing
male from female patella in the present study was PV. Given
the amount of research on sexual dimorphism of the patella
and its use for sex determination, only a few researchers have
investigated the utility of patellar volume. In the research
by Singla et al., a water displacement method was used for
measuring PV [21], whereas Michiue et al. and Zhan et al.
have utilised CT scans and automatic measurement methods

Table 6. Comparison of sex determination using patellar dimensions with previous studies

Study Population sample Material Statistical method Accuracy

Univariate Multivariate PV
Yasar Teke et al. [10] Turkish MRI scans of clinical patients DFA 79.0% - 86.5% 89.0% -
Michiue et al. [9] Japanese Postmortem CT scans ROC 70.9% - 87.7% 85.7% - 93.3% 85.5% - 87.7%
Zhanetal.[11] Chinese CT scans of clinical patients ROC 73.1% - 85.7% 81.9% - 91.6% 85.7%
The present study Polish CT scans of clinical patients ROC 61.5% — 83.9% 82.3% 83.9%

MRI - magnetic resonance imaging; CT - computed tomography; PV — patellar volume; DFA - discriminant function analysis;, ROC - receiver operating characteristics analysis
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in order to obtain bone volume [9, 11]. The accuracy of sex
determination for PV in the first study was 85.5% for the
right patella and 87.7% for the left patella [9]. Zhan et al. have
reported a 85.7% accuracy for PV [11]. In both studies, the
accuracy rate for PV was slightly higher than that obtained
in the current study (82.3%). The volume of the patella in
the studies mentioned, including the present study, was the
most accurate parameter for sex determination based on the
patella. Analysis showed that in the present study there was
no statistically significant difference between the multivariate
model and the PV-based univariate model, suggesting that
the simpler univariate model was as effective as the more
complex model. Therefore, the univariate model seemed to
be preferential.

In the current study, the most reliable linear parameters
were CCP and TP, with 82.3% and 81.5% accuracy, respectively.
The parameter with the highest accuracy rate in the study by
Yasar Teke et al. was found to be the TP (86.5%) [10]. In the
study by Michiue et al. the best performing linear parameter
was found to be the maximum height, with an accuracy of
82.3% and 80.9% for the right and left patella, respectively [9].
In the Zhan et al. study, the most accurate linear parameters
were maximum height and maximum breadth, with 82.3%
accuracy each [11].

The worst performing linear parameter in the studies by
Yasar Teke et al., Michiue et al. and Zhan et al. was found
to be the APP (in the mentioned studies, accuracy in sex
determination for this parameter was respectively 79.0%,
70.9-74.1% and 75.0%) [9-11]. In the present study, the
accuracy for APP of the patella was 75.4%; however, the
parameter that demonstrated the poorest performance was
PA. This parameter had a relatively low accuracy, sensitivity
and specificity (61.5%, 37.7% and 88.5%, respectively),
suggesting that it was not optimal for the purposes of sex
determination.

Differences in the accuracy of patellar measurements
in sex determination between studies can be explained
by population and geographical differences, measurement
differences included in previous studies, and differences in
the methodology adopted to perform the measurements.

Limitation of the study. A limitation of the study is the
small sample size and higher average age of participants,
compared to similar studies. However, it should be noted
that the data obtained were collected exclusively from cases
that had been referred to a single centre. Furthermore, given
that the data in question pertains to radiological images,
PV was measurable. It is important to acknowledge that
the PV parameter requires further research to ascertain its
applicability in dry bones.

CONCLUSIONS

Based on the data reported in the present study, it can be
concluded that there was significant sexual dimorphism
in all studied parameters and dimensions of the patella.
The study indicates that the patella is valid as a bone for
sex determination, and may be used as an alternative in
forensic casework when additional sex dimorphic bones
are unavailable. Further research is needed in other
populations on the accuracy of sex estimation using patellar
measurements, especially patellar volumetry.
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