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Sex Prediction in Turkish Population with Anthropometric
Measurements of Scapula on MDCT Images Using Machine
Learning Algorithms

Predicciébn del Sexo en la Poblacion Turca con Mediciones Antropométricas de la Escépula
en Imagenes de TCMD Utilizando Algoritmos de Aprendizaje Automético
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SUMMARY: lIdentification studies progress more accurately and easily after sex estimation is realized. Therefore, sex
determination is the first step in identification studies. The aim of our study is to perform sex estimation from the siogpula u
machine learning (ML) algorithms with parameters obtained from multidetector computed tomography (MDCT) images of the
Turkish population. The study was performed on MDCT images of 300 individuals (150 females and 150 males) aged between 20
and 60 years. MDCT images of the scapula were imported into the Radiant DICOM Viewer program and the following parameters
were measured: the maximum length of the scapula (SML), the maximum width of the scapula (SMW), the length of the scapular
spine (SSL), the length of the glenoid cavity (GCL), the width of the glenoid cavity (GCW), the distance from the coraessd proc
to the inferior angle (CPIA), the distance from the acromion to the inferior angle (AIA), the distance from the glencid tavity
inferior angle (GCIA), the thickness of the lateral margin (LBT), the height of the supraspinous fossa (SSH), the height of the
infraspinous fossa (ISH), the maximum length of the acromion (AML), and the maximum width of the acromion (AMW). The
obtained data were used for sex prediction using ML algorithms. All parameters measured on the scapula were found to have a
significant difference in terms of sex (p<0.05). It was determined that the parameters used in sex estimation using Midraadels h
accuracy rate of 97 %. Using the SHAP solver of the Random Forest algorithm, the parameter of the SSH was found to have the
greatest contribution to accuracy. As a result of our study, we think that we can obtain results close to the pelvic nyorphicinetr
is seen as the most dimorphic bone in the literature, when sex determination is made based on scapula morphometry with ML
analysis. We believe that our study will make a great contribution to forensic sciences and literature.
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INTRODUCTION

Forensic anthropology is the branch of science thakpertise. Therefore, osteometric methods, which are highly
enables the identification of living or non-living individualsreliable, do not require expertise, are effective, cost-
revealing their personal characteristics in order to determipffective, easy to access, and can be used for quick decision-
their difference from other individuals (Ceker, 2017). Semaking, are coming to the forefront (Giuraetal, 2013;
determination is one of the most fundamental stages Oheret al, 2019).
identification. This is because estimation of weight, height,
age, age at death and ancestry is mostly based on sex- In these cases where a large number of human
specific data (Paulis & Abu Samra, 2015; Zhaal, fragmented bones are found together, all bones should be
2016). Although DNA analysis is currently preferred as ondentified, eliminated and matched according to their size,
of the most reliable methods for defining the biologicahppearance, articulation characteristics and pathological
profile, it is expensive, time-consuming and requiresondition (Giurazzat al, 2013). Almost the entire human
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skeletal structure has been used for sex determination, &MATERIAL AND METHOD
the structure with the highest accuracy has been identified
(Oneret al, 2019). It has been reported that pelvic and In this study, MDCT images of the scapula taken
cranial skeletons provide the highest accuracy in sésetween 2018 and 2022 in the archive of the Department of
determination studies to date. The pelvic skeleton is veRadiology, Faculty of Medicine, Izmir Bakir¢ay University
fragile but has high accuracy compared to skull bon&gere retrospectively evaluated. Images of 300 individuals
(Torimitsu et al, 2015). Since the scapula is among th€l50 women and 150 men) aged between 20 and 60 years
short and flat bones, it is preferred because it is resistanttere included in the study. Patients under 20 and over 60
trauma compared to the long bone structure and does geérs of age, with previous trauma in this region, bone and
change even after the development is completed (Giurajamt disease, and surgical procedures around the shoulder
et al, 2013). and scapula were excluded. The analysis controlled for
confounding variables such as diet, environmental exposures

Machine learning (ML) algorithms are a moderror similar factors. Informed consent was obtained from the
grouping tool generally preferred in the field of engineeringpdividuals in accordance with the Declaration of Helsinki
and are now frequently used in the healthcare sector (Levasd the study was conducted with the permission of
2017). Computed tomography (CT) scanning is the mosecmettin Erbakan University Drug and Non-Medical
reliable radiographic method for osteometry studieBevice Research Local Ethics Committee dated 07.10.2022
(Giurazzaet al, 2013). Identification studies based on CTand numbered 161.
images are frequently used by forensic anthropologists
because they are fast, low-cost, more accurate ahldage Processing Images from the hospital's Picture
reproducible than traditional methods, allow visualizatioArchiving Communication Systems (PACS) archive system
of each part of the bone, and provide the most accuratere scanned retrospectively. The scanned images were
results in calculating the length-angle and coordinates wansferred in Digital Imaging and Communications in
the bone (Badr El Dine & Hassan, 2016; étlial, 2018). Medicine (DICOM) format to Radiant DICOM Viewer (64-

bit version), a personal workstation. Scapula morphometry

Our aim in this study is to estimate sex based on tinas used to determine the maximum length of the scapula
morphometry of the scapula, a bone resistant to trauma, (8ML), maximum width of the scapula (SMW), length of
using ML algorithms with parameters taken fronthe scapular spine (SSL), length of the glenoid cavity (GCL),
multidetector CT (MDCT) images of the Turkishwidth of the glenoid cavity (GCW), coracoid process to
population. inferior angle distance (CPIA), acromion to inferior angle

Fig. 1. Demonstration of parameters.
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distance (AlA), glenoid cavity to inferior angle distanc&Vhen analyzing pairwise comparisons of data, Two Simple
(GCIA), lateral margin thickness (LBT), supraspinous fossh test values were used for normally distributed data and
height (SSH), infraspinous fossa height (ISH), acromioklann Whitney-U test was used for non-normally distributed
maximum length (AML), and acromion maximum widthdata. Pearson correlation test was used to analyze the
(AMW) parameters were measured (Fig. 1). relationship between normally distributed data and Spearman
rho correlation test was used to analyze the relationship
Modeling Machine Learning Algorithms. ML algorithm  between non-normally distributed data. ROC analysis was
models such as K-Nearest Neighbors (k-NN), Linearsed to evaluate the contribution of the parameters in
Discriminant Analysis (LDA), Quadratic Discriminant predicting sex. In the analyses, p<0.05 was considered
Analysis (QDA), Decision Tree (DT), Logistic Regressiorstatistically significant. Analyses were tested using Minitab
(LR), Random Forest (RF), Gaussian Naive Bayekr’ and SPSS 21 programs.
(GaussianNB) algorithms were used in the study. Accuracy
(Acc), Specificity (Spe), Sensitivity (Sen), F1 score (F1) werRESULTS
preferred to test the performance of the models.

TP In the study on the scapula parameters of 300
Acc = individuals between the ages of 20-60 years, it was
TP+FN+FP+TN determined that the median value of all parameters was
TP higher in male and all parameters except the age parameter
Sen = —— had a significant difference in the comparison of the
TP+ FN parameters in terms of sex (p<0.05). Descriptive statistics
TN and Two Simple T test results of these parameters are given
Spe = —— in Table 1.
TN + FP
T The relationship between the parameters in terms
F1 = of sex was analyzed by Spearman rho correlation test. A
Precision + Recall very high correlation (p<0.05) was found between 16
Equation 1. (TP; True positive, TN; True negative, ~ parameters including SML-SSL, SML-GCL, SMW-SMW,
FP; False positive, FN; False negative). SMW-ISH, SSL-SML, SSL-ISH, SSL-AMW, AMW-SSL,

AMW-CPIA, AML-SML, AML-SMW, AML-ISH, GCW-

Machine Learning Algorithms Process The numerical SML, GCW-SMW and GCW-ISH.
data obtained from the parameters were passed in Excel
format to a Monster Abra A7 model computer with i5 ML modeling with the selected parameters resulted
operating system and 8 Gb Ram. The numerical data wiasan Acc rate of 0.97, which is much higher than any of
processed using Python 3.9 programming language ahé algorithms tested (Table II).
scikit-learn 1.1.1 framework and 20 % of the data was
evaluated as a test set in all ML algorithms during processing.  ROC curves of GaussianNB, DT, k-NN, k-NN,
We also evaluated the individual contributions of th&€DA, LR and QDA algorithms for sex using ML models
parameters to the overall result using the SHAP analyzerarke given in Figure 2.
the RF algorithm.

In the LDA, DT, LR and QDA algorithms, 29 of the
Ethical approval. Informed consent was obtained from the81 male individuals in the dataset were correctly predicted
individuals in accordance with the Declaration of Helsinkand all 29 female individuals were correctly predicted. In
and the study was conducted with the permission tfie other RF, k-NN and GaussianNB algorithms, 30 of the
Necmettin Erbakan University Drug and Non-MedicaB1 male individuals in the dataset were correctly predicted
Device Research Local Ethics Committee dated 07.10.2028d 28 of the 29 female individuals were correctly predicted.
and numbered 161. The confusion matrix for LDA, DT, LR, QDA, RF, k-NN

and GaussianNB algorithms are shown in Figure 3.

Statistical Analysis The compatibility of the numerical data
obtained as a result of the measurements with normal Using the SHAP solver of the RF algorithm, the
distribution was evaluated by Anderson Darling teseffect of each of the parameters on the overall result was
Meantstandard deviation results were used to analyzested. The SSH parameter was found to have the largest
normally distributed data, and median (minimum-maximungontribution to Acc and the SSL parameter the smallest
values were used to analyze non-normally distributed dat&ig. 4).
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Table I. Comparison of normally distributed parameters_* | =2 [
according to sex and descriptive analysis results %oa . z ]
Parameters Sex Minimum  Median Maximum p ;E“ ;b, Jw
Age Male 20.00 4350 6000 091  iof | 3 e f
Female 20.00 42.00 60.00 %02 {I 02 |
SML Male 12.84 15.69 1844 0.0 “ I —GaussizB (8uc =097) | w‘ — o (A = 037
Female 11.22 1370 15.32 O Pt hoe posemetabet ) T
SMW Male 8.93 11.13 1240 0.00 g r—— —] 10
Female 708 943 10.99 fou] | Tor
SSL Male 9.60 13.93 16.65 0.00 go / £o
Female 979 12.38 14.35 |
GCIA Male 9.19 1351 1653 0.00 av |} I&
Female 851 1121 1353 " ool | = Jue =om | “ oo = LDA _ wawc=09)
00 02 04 06 08 10 0.0 02 04 06 08 10
SSH Male 414 546 698 0.0 Pt sloie Rt bt et 1 fatis Piehive Bt (R i 2
Female 271 426 558 . — 1 :
ISH Male 9.37 11.28 1389 0.00 Tor Tor
Female 7.84 9.64 1147 g L f y
AMW Male 147 3.18 455  0.00 5., 5.
Female 161 251 346 £ £,
AML Male 246 475 626 0.0 s — w o | "y — e
Female 281 384 5.18 O e ose ote Bt bt 1 e ostve ot ot bt D
GCL Male 3.09 421 548 0.0 ) .
Fig. 2. ROC curves for GaussianNB, DT, k-NN, LDA, LR and QDA
Female 260 3.30 423 algorithms (Gaussian NB: gaussian naive bayes, DT: decision tree, k-
GCwW Male 1.86 3.20 398 000  NN: k-nearest neighbors, LDA: linear discriminant analysis, LR:
Female 160 253 323 logistic regression, QDA: quadratic discriminant analysis).
LBT Male 1.00 1.63 216 0.00
Female 049 1.02 220
CPIA Male 13.94 15.81 19.17 0.0 - i
Female 820 1393 16.29 0 =
AIA Male 13.40 17.66 1994 000 g ’ - o
Female 912 1564 1800 ¥ " s

*Two Simple T test. (p<0.05, SML: maximum length of the scapula
SMW: maximum width of the scapula, SSL: length of the scapula
spine, GCL: length of the glenoid cavity, GCW: width of the glenoid
cavity, CPIA: coracoid process to inferior angle distance, AlA:

1

. . . . M . . . 0
acromion to inferior angle distance, GCIA: glenoid cavity to inferior Predicted label Precitad lebei

angle distance, LBT: lateral border thickness, SSH: supraspinous fossa . . .
height, ISH: infraspinous fossa height, AML: acromion maximum Fig. 3. Confusion matrix table of models with accuracy rate (A)LDA:

length, AMW: acromion maximum width). linear discriminant analysis, DT: decision tree, LR: logistic regression,
bl ; Its of hine | i gel QDA: quadratic discriminant analysis (B) RF: random forest,
Table Il. Performance results of machine learning models. 5 ssianNB: gaussian naive bayes, k-NN: k-nearest neighbors.

Algorithms Acc Spe Sen F1

LDA 097 097 097 097

QDA 097 097 097 097 DISCUSSION

LR 097 0.97 0.97 0.97

DT 097 097 097 097 In this study, in which we aimed to perform sex
RF 097 097 097 097  estimation from scapula using ML algorithms with parameters
k-NN 097 0.97 0.97 097  obtained from MDCT images, we achieved a high Acc rate of

GaussianNB 0.97 0.97 097 097 97 % using DT, LR, RF, k-NN, GaussianNB, LDA and QDA
Acc: accuracy, Spe: specificity, Sen: sensitivity, F1: F1 score, LDA: g|gorithms with the selected parameters. As a result of the
linear discriminant analysis, QDA: quadratic discriminant analysis, confusion matrix. 29 of the 31 male individuals and all 29 female

LR: logistic regression, DT: decision tree, RF: random forest, k- ~~ . . .
NN: k-nearest neighbors, GaussianNB: gaussian naive bayes.  individuals in the dataset were correctly predicted in the LDA,
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Fig. 4. SHAP analyzer of the RO algorithm (*Feature 0: age, 1: SML, 2: SMW, 3: SSL, 4: GCIA, 5: SSH, 6: ISH, 7: AMW, 8: AML, 9:
GCL, 10: GCW, 11: LBT, 12: CPIA, 13: AlA).

DT, LR and QDA models with 97 % Acc rate. In the othepart of the bone, provide the most accurate results in
RF, k-NN and GaussianNB models with 97 % Acc rateneasuring the length-angle and coordinates of the bone,
30 of the 31 male individuals in the dataset were correciban be applied quickly, and have reconstruction
predicted and 28 of the 29 female individuals were correcipssibilities (Badr El Dine & Hassan, 2016; Al al,
predicted. When the effect of the parameters on the overadl1g).
result was evaluated using the SHAP analyzer, it was found
that the SSH parameter had the greatest contribution to  |n the sex estimation studies conducted so far,
the Acc. almost all bones of the human skeletal structure have been
measured and an accuracy rate of 98 % has been obtained
Ghasemiet al (2020) reported that right-handedfrom pelvis bones + skull bones, 95 % from pelvis + long
individuals were in the majority in their study populatiorhones, 90-95 % from long bones + skull bones, 95 % from
and that right-handed work, which is predominant in malgelvis bones, 90 % from skull bones, and 80-90 % from
has a great effect on the anthropometric standards of {Bag bones only (Torimitsat al, 2015).
right shoulder because physical strength is greater on this
side. In sex estimation studies, right scapula measurements  Er et al (2020) measured SML, SMW, SSL, GCL,
are thought to have a higher Acc rate than the left. In thisCw, LBT, AML and ISH parameters in 152 individuals
study, sex estimation was performed on the right scapyatween the ages of 22 and 80 years whose CT images
due to the predominance of right-handed individualgere taken. SML was 95.5 mm in female and 108 mm in
(Torimitsuet al, 2016; Ghasenst al, 2020). male, SMW was 140#8.1 mm in female and 1618.5
mm in male, SSL was 12#8.3 mm in female and
When identifying unidentifiable individuals, such144.77.5 mm in male, GCW was 23.9 mm in female and
as after fire, plane crashes, physical violence, war, et2g.4 mm in male, GCL was 32. 6 mm in female and 37.5
sex estimation reduces the potential identification data pym in male, LBT 8.40.9 mm in female and 111.7
approximately 50 % (Decket al, 2019). More accurate mm in male, AML 40.&3.5 mm in female and 488.8
and practical decisions are made after sex is determin@¢h in male, ISH 10647.6 mm in female and 116:2.1
In cases where there are mass deaths, anatomical poiftg in male. When they analyzed the data with stepwise
should be determined more accurately and more practicalicriminant function equations, they found an Acc rate of
because there are soft tissue losses or deformities wiggo, (Eret al, 2020). In our study, we found that there
performing sex estimation studies. Identification studiagas a significant difference in the median values in male
using CT images are frequently preferred by forensggompared to female in terms of sex in all measurements of
anthropologists because they allow visualization of eagtML, SMW, SSL, GCL, GCW, LBT, AML and ISH
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(p<0.05). In our study, the effect of each parameter on thtatistical analysis and the method we applied were
overall result was evaluated using the SHAP analyzer different.
the RF algorithm and we found that the SSH parameter
had the greatest contribution to the Acc, followed by the Ghasemet al (2020) in their sex estimation study
GCW parameter. In DT and GaussianNB analyses of &lith CT scapula images of 200 individuals (100 females
measurement parameters, we found that the overall Aged 100 males) in Iranian population, found that the AIA
rate for both male and female sex determination was §@rameter had the highest contribution to the Acc and the
%. When we look at the results of both studies, we thifRCW parameter had the lowest contribution to the Acc
that the scapula is highly dimorphic in sex predictiowith discriminant function analysis. In our study, we
studies in the Turkish population. However, according tevaluated the effect of each parameter on the overall result
the basic statistical data analysis, we concluded that thging the SHAP analyzer of the RF algorithm and found
studies performed with ML algorithms reflect the trutithat the SSH parameter had the greatest contribution to
more. the Acc, followed by the GCW parameter and the SSL
parameter had the least contribution to the Acc. We think
Torimitsuet al (2016) obtained an Acc rate of 91that the differences between the two studies are due to
% in a study conducted in a Japanese population by usi&myvironmental and genetic factors in the population.
Anova on the data of 218 cadavers aged 23-91 years on
CT image of the scapula. They found that SMW was Other sex prediction studies using scapula
102.2°45.13 mm in female and 1148319 mm in male, morphometry include Atamtirgt al (2019) 90.5 % in the
SML was 137.767.72 mm in female and 1584879 mm  Turkish population, Aliet al (2018) 94.5 % in a mixed
in male, SSL was 126.#6.65 mm in female and population, Debnathkt al (2018) 93.5 % in the Canadian
142.536.52 mm in male, GCL was 306564 mm in population, Hudsost al (2016) reported 83-89 % accuracy
female and 33.72.1 mm in male. They preferred ANOVA in Mexican population, Peckmaat al. reported 83-88 %
for sex determination and found that the overall Acc rasecuracy in Thai population and Papaioaneial. (2012)
was 91 % (Torimitseet al, 2016). In our study, we found reported 95.9 % Acc in Greek population (Papaioaretou
that SMW was 90.480.35 mm in female and 11042.2  al., 2012; Hudsoet al, 2016; Peckmaet al., 2017; Aliet
mm in male, SML was 130.#20.48 mm in female and al., 2018; Debnatkt al, 2018; Atamtirlet al, 2019).
150.6%29.75 mm in male, SSL was 120+£28.72 mm in
female and 130.9340.93 mm in male, GCL was Bytheway & Ross (2010) found the highest Acc rate
30.3@9.30 mm in female and 40.210.27 mm in male. of 98 % from the pelvic skeleton for both males and females
We determined an Acc rate of 97 % using LDA and QDAn sex estimation studies conducted so far in the literature
model based on these parameters measured in our studyng osteometry technique. This study was evaluated by
We think that the use of different preferred method aridancova discriminant analysis and found to be the most
statistical analysis minimizes the error in determininggliable sex determination by osteometry method after
different Acc rates between the two studies; we belie\@NA multiplex PCR test with 98 % Acc rate. d'Oliveira
that studies with ML models in sex determination studigSoelho & Curate (2019), using pelvic morphometry,
can be more reliable and higher accuracy rates can determined sex determination with 86 % Acc with RF
obtained. analysis method from ML algorithms, which is a more
reliable method. Since ML algorithms reflect the truth more
In other sex determination studies using scapund CT scanning is the most accurate and reliable
morphometry in the literature, scapula morphometry of 19adiographic technique for osteometry studies, Seegin
individuals aged between 19-96 years showed an Acc ratle(2022) obtained reliable and highly accurate values for
of 83-88 %; scapula morphometry of 290 individuals ageskx determination of 300 healthy individuals (150 females,
between 18-101 years showed an Acc rate of 94.5 60 males) in the Turkish population by using pelvic
(Peckmanret al, 2017; Aliet al, 2018). In our study, the morphometry on CT images; 90-96 % of DT, RF, LR, ADA,
ossification of the scapula was completed between the ag€¥A and EAS analysis methods. In our study, 97 % Acc
of 20-25 years, so scapula images below the age of 2ZGe was determined by using DT, LR, RF, k-NN,
years were not included. Using DT, LR, RF, k-NNGaussianNB, LDA and QDA models over all measured
GaussianNB, LDA and QDA models, an Acc rate of 97 9parameters of the scapula. In addition to pelvic
was obtained for all parameters measured on the scapafmrphometry being the most reliable bone in sex
We think that the reason for the high Acc rate in our studietermination studies in the literature, we believe that
is that the age of the population was chosen accordingsitapula morphometry is a highly reliable and dimorphic
the age of ossification of the scapula and the preferrédne in the Turkish population and other populations.
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CONCLUSION longitud de la espina escapular (SSL), la longitud de la cavidad
glenoidea (GCL), el ancho de la cavidad glenoidea (GCW), la
Measurements were made with a specific populati&iﬁta“‘:ia del proceso coracoides al angulo inferior de la escapula
sample. Therefore, we think it would be much mor CPIA), la distancia del acromion al angulo inferior de la
valuable to present data specific to each popuIatio%SCépma(AlA)‘ la distancia de la cavidad glenoidea al angulo

Alth h th I le size i fthe limitati inferior de la escéapula (GCIA), el grosor del margen lateral de la
though the small sample size is one of the |m|tat|0nS% capula (LBT), la altura de la fosa supraespinosa (SSH), la altura

our study, the high Acc, Spe, Sen and F1 values we qbtair@,eeqa fosa infraespinosa (ISH), la longitud maxima del acromion
in our results show that the parameters we determined @L) y el ancho maximo del acromion (AMW). Los datos
scapula MDCT images will provide highly accurate andbtenidos se utilizaron para la prediccion del sexo mediante
reliable data in the shortest estimation time wheagoritmos ML. Todos los parametros medidos en la escapula tenian

individuals need to be identified quickly, reliably and!na diferencia significativa en términos del sexo (p<0,05). Se
accurately using ML algorithms. determin6 que los parametros utilizados en la estimacion de sexo

utilizando modelos ML tenian una tasa de precision del 97 %.
Il%tilizando el solucionador SHAP del algoritmo Random Forest,

As a result, to the best of our knowledge, there . . . Lo
d L dv in Turkish lati ~ Se encontré que el pardmetro del SSH tenia la mayor contribucion
no sex determination study in Turkish population using | precision. Como resultado de nuestro estudio, creemos que

DT, LR, RF, k—NN, GNB, LDA and QDA analysis methodsydemos obtener resultados cercanos a la morfometria pélvica, que
from ML algorithms for SML, SMW, SSL, GCIA, GCL, se considera el hueso mas dimorfico en la literatura, cuando la

GCW, LBT, AML, AMW, SSH, ISH, CPIA and AIA determinacion de sexo se realiza con base en la morfometria de la
parameters. In our study, 97 % Acc rate was estimated us@sgapula con analisis ML. Creemos que nuestro estudio sera una
DT, LR, RF, k-NN, GaussianNB, LDA and QDA modelimportante contribucion a las ciencias y la literatura forenses.
over all parameters. We believe that scapula morphometry ] .
can obtain reliable and accurate results in sex determination  PALABRAS CLAVE: Escapula; Algoritmos de
studies. In addition, we think that the morphometry of th re_nd.|,zaje automatlco; Tom,ograf'a computarizada;

. . . . . A’EdlCCIOﬂ del sexo; Antropometria.
scapula has been examined in a wide range with this study
and scapula measurements can be used as a reference data
set in case of any surgical procedure. REFERENCES
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