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Abstract: Gender determination is the first step for biological identification. With the widespread use of machine learning 

algorithms (MLA) for diagnosis, the significance of applying them also in gender determination studies has become apparent. This 

study has therefore aimed at determining gender from the parameters obtained out of magnetic resonance images (MRI) of the 

cranio-cervical junction and cervical-spinal canal by using MLA. MRI of the craniocervical junction and cervical-spinal canal of 

110 men and 110 women were included in this study. The 15 parameters were tested with Decision Tree (DT), Random Forest (RF), 
Logistic Regression (LR), Linear Discriminant Analysis (LDA), Quadratic Discriminant Analysis (QDA) algorithms. Accuracy 

(Acc), Specificity (Spe), Sensitivity (Sen), F1 score (F1), Matthews-correlation coefficient (Mcc) values were used as performance 

criteria. The Acc, Spe, Sen, F1, and Mcc were found to be 1.00 in the LR, LDA, QDA and RF algorithms. The ratios of the Acc, 
Spe, Sen, and F1 were 0.98, and of the Mcc was 0.96 in the DT algorithm. It was found that the ratio between the SHAP analyzer of 

the RF algorithm and the belt of the ratio between the arch of the atlas and the anterior-posterior distance of the dens (R3) parameter 

had a higher contribution to the estimation of gender compared to other parameters. It was concluded that the LDA, QDA, LR, 
DT and RF algorithms applied to the parameters acquired from the MRI of the craniocervical junction and cervical-spinal canal, 

could determine the gender with very high accuracy. 

Keywords: Craniocervical Junction; Cervical Spinal Canal; Magnetic Resonance Imaging; Sex Determination; Machine Learning 
Algorithms 

 

 

 

 

 
Özet: Cinsiyet belirleme, biyolojik tanımlama için ilk adımdır. Makine öğrenmesi algoritmalarının (MLA) teşhis için yaygın olarak 

kullanılmasıyla birlikte, cinsiyet belirleme çalışmalarında da uygulanmasının önemi ortaya çıkmıştır. Bu nedenle bu çalışmada, 

MLA kullanılarak kranio-servikal bileşke ve servikal-spinal kanalın manyetik rezonans görüntülerinden (MRG) elde edilen 

parametrelerden cinsiyetin belirlenmesi amaçlanmıştır. Bu çalışmaya 110 erkek ve 110 kadının kraniyoservikal bileşke ve servikal-

spinal kanal MR görüntüleri dahil edildi. 15 parametre Karar Ağacı (DT), Rastgele Orman (RF), Lojistik Regresyon (LR), Doğrusal 
Diskriminant Analizi (LDA), Kuadratik Diskriminant Analizi (QDA) algoritmaları ile test edilmiştir. Performans kriterleri olarak 

Doğruluk (Acc), Özgüllük (Spe), Duyarlılık (Sen), F1 skoru (F1), Matthews-korelasyon katsayısı (Mcc) değerleri 

kullanılmıştır.Sonuçlar: Acc, Spe, Sen, F1 ve Mcc değerleri LR, LDA, QDA ve RF algoritmalarında 1.00 olarak bulunmuştur. DT 
algoritmasında Acc, Spe, Sen ve F1 oranları 0.98, Mcc oranı ise 0.96 olarak bulunmuştur. RF algoritmasının SHAP analizörü ile 

atlasın kavisi ile densin ön-arka mesafesi arasındaki oranın kemeri (R3) parametresinin cinsiyet tahminine katkısının diğer 

parametrelere kıyasla daha yüksek olduğu bulunmuştur. Kraniyoservikal bileşke ve servikal-spinal kanal MRG'sinden elde edilen 
parametrelere uygulanan LDA, QDA, LR, DT ve RF algoritmalarının cinsiyeti çok yüksek doğrulukla belirleyebildiği sonucuna 

varılmıştır.  

Anahtar Kelimeler: Kraniyoservikal Bileşke, Servikal Spinal Kanal, Manyetik Rezonanans Görüntüleme, Cinsiyet Tayini, Makine 
Öğrenim Algoritması 
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1. Introduction  

Identity is estimated and determined in 

general by using certain peculiarities 

including body weight and height, and gender 

(1). Gender determination, surely the first step 

of the identification, has long been performed 

by several classic methods using different 

anatomical components. In extraordinary 

situations like natural disasters, contemporary 

methods for gender determination have 

become extremely essential since no proper 

anatomical parts can occasionally be obtained 

at certain circumstance. Even though DNA 

analyses seem to be the most reliable 

contemporary method -indeed it issince it 

requires professionals, advance laboratories, 

and high costs, new suitable methods are in 

need. Bones such as cranium, pelvis, and long 

bones have amply been used in gender 

determination since they display the highest 

dimorphism (2–6). Discriminant analysis has 

also been used previously for the gender 

determination (7). As mentioned above, 

processes of the gender determination have 

differed profoundly with the use of 

technology, and lower cost, less laboratory 

work and fast results have become important. 

MLA, an artificial intelligence technology, 

have recently been used most frequently in 

research on the gender determination 

particularly those on cranium. This is mostly 

due to a massive data increase in visualization 

technology on health sciences. Higher 

accuracy rate has led the researchers to focus 

on MLA, resulting in a broad and new era in 

gender determination. Craniocervical 

junction, the most moveable component of the 

body, attaching the cranium to the trunk (8). 

With its complex anatomy and structural 

balance, it protects the spinal cord, and it 

should be considered, both anatomically and 

radiologically, as a unity which differs from 

the cranium or cervical vertebrae alone (9). 

Anomalies or pathologies in this junction 

affects the flow of the CSF and venous 

circulation, deteriorating the drainage. Studies 

have measured several parameters of the 

craniocervical junction and cervical spinal 

canal and their variations (8,10–13). Upon 

taking into consideration of the importance of 

this region, this research has focused on the 

gender determination using the various 

parameters of the craniocervical junction and 

cervical spinal canal, via MLA. The MRI 

technique applied in this study is of valuable 

in evaluating both the soft and bony 

peculiarities of the cervical canal, as 

mentioned in the literature (12). In the study, 

Linear discriminant analysis (LDA), 

Quadratic discriminant analysis (QDA), 

Logistic regression (LR), Decision tree (DT), 

and Random Forest (RF) algorithms, all being 

classification algorithms of the controlled 

learning, have been performed. Linear 

discriminant analysis makes relatively simple 

and effective classification even at very 

complex situations. Quadratic discriminant 

analysis is effective particularly where 

covariant and variant levels are not 

homogenous. Logistic regression is used for 

the double classification. Tree algorithms can 

be applied to both classification and 

regression models. 

2. Materials and Methods 

2.1.Population Sample and Protocol for the 

Magnetic Resonance Imaging (MRI) 

The study has ethically been approved by the 

Clinical Research Ethics Committee (Date: 

26.04.2022, Decision No: 2022/110). The 

image set used in the study has randomly been 

retrospectively selected MRI images of 220 

individuals (110 male, 110 female) with the 

age of 18-65. All procedures were carried out 

in accordance with the ethical rules and the 

principles of the Declaration of Helsinki. 

Exclusion criteria was the presence of any 

pathology or chirurgic procedure at 

craniocervical intersection. MRI images have 

been obtained from the 1.5 T Signa Explorer 

MRI Scanner (GE Medical Systems, 

Milwaukee, Wisconsin, USA) at the 

Department of Radiology, Faculty of 

Medicine, Bolu Abant Izzet Baysal 

University. MRI images of T2 segmentation 

were examined while taking measurements. 
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2.2Image Processing 

The images obtained as DICOM format were 

transferred to Radiant DICOM Viewer 

program (Version 2021.2). All measurements 

were performed at actual 100% magnification. 

The lengths of the following parameters were 

measured; dens height (DH), anterior-

posterior distance of the dens (APDD), 

anterior-superior distance of the dens 

(ASDD), length of the apical ligament of the 

dens (LALD), sagittal diameter of the 

foramen magnum (SDFM), the length of the 

total cervical vertebra (TCVL), length of the 

retropharyngeal space (LRS), anterior-

posterior diameter of the spinal canal 

(APCSD), anterior-posterior diameter of the 

spinal cord (APSCD), anterior-posterior 

distance between of the arches of the atlas 

(DBAA), and the sagittal diameter of the body 

of C3 (C3SD) (Figure 1).  

The dens angle (DA) was also measured in the 

study (Figure 2). 

In the study, Torg Pavlov ratio (R1), the ratio 

between the sagittal diameter of the vertebral 

canal and the anterior-posterior distance of the 

dens (R2), the ratio between the arch of the 

atlas and the anterior-posterior distance of the 

dens (R3) were calculated. The formula for 

the ratios were displayed in Equation 1. 

𝑅1 =
𝐴𝑃𝐶𝑆𝐷

𝐶3𝑆𝐷
, 𝑅2 =

𝐴𝑃𝐶𝑆𝐷

𝐴𝑃𝐷𝐷
, 𝑅3 =

𝐷𝐵𝐴𝐴

𝐴𝑃𝐷𝐷
 

Equation 1. Formalization of the ratios 

2.3.Machine Learning Algorithms (MLA) 

 For the ML modelling, Python 

program (version 3.7.1) and sckit-learn 

(version 0.20.0) were used, using a computer 

(i7, 8 Gb Hp-Folio 1040). Linear Discriminant 

Analysis (LDA), Quadratic Discriminant 

Analysis (QDA), Logistic Regression (LR), 

Decision Tree (DT), and Random Forest (RF) 

algorithms were chosen for the modelling. 

2.4.Performance Criteria 

Accuracy (Acc), Specificity (Spe), Sensitivity 

(Sen), F1 score (F1), and the level of 

Matthews correlation coefficient (Mcc) were 

specified as the performance criteria 

(Equation 2). 

            Acc =
TP

TP+FN+FP+TN
 

 Sen =
TP

TP+FN
 

 𝑆𝑝𝑒 =
𝑇𝑁

𝑇𝑁+𝐹𝑃
 

 Mcc =
TP×TN−FP×FN

√(TP+FP)×(TP+FN)×(TN+FP)×(TN+FN)
 

 F1 = 2
Specificity×Sensitivity

Specificity+Sensitivity
 

Equation 2. Formalization of the performance 

criteria (TP: True positive, FP: False positive, 

TN: True negative, FN; False negative). 

2.5.Statistical Analyses  

Median, min. & max. values of the data were 

acquired, and Anderson Darling test was 

applied for the suitability of the data to normal 

distribution. Mann-Whitney U test was used 

for the comparison of nonparametric data in 

terms of the gender. Minitab 17 and Python 

programs were used for the statistical 

analyses, and p≤0.05 was accepted as the 

significance value. 

3. Results 

The median value of the male and female ages 

were 40 and 38, respectively. Statically 

significant results were determined with 

regard to gender on the parameters of DH, 

APDD, ASDD, LALD, TCVL, APSCD, 

C3SD, DBAA, R1, R2, and R3. The values of 

TCVL, DH, ASDD, LALD were significantly 

higher in males, and those of APDD, APSCD, 

C3SD, R1, and R3 in females (p<0.05, Table 

1, Table 2).  

Acc Spe, Sen, F1 and Mcc performance 

criteria ratios were found to be 1.00 in LR, 

LDA, QDA and RF algorithms. While the 

ratios of Acc, Spe, Sen and F1 criteria were 

all 0.98 in the DT algorithm, the ratio of Mcc 

criteria was found to be 0.96. The 

performance criteria of the algorithms are 

shown in Table 3. 

Confusion matrix tables obtained by 

algorithms were shown in Figure 3. In the 

algorithms possessing the highest Acc ratio, 
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all the genders of the 21 males and 23 females 

in the test set were determined correctly.  

SHAP analyzer model of the RF algorithm 

was used to evaluate the effect of the 

parameters to the results, and R3 parameter 

was found to contribute at highest degree, as 

displayed in Figure 4. 

4. Discussion 

There has been ample research in the 

literature on the gender determination, using 

very commonly the cranium, pelvis, and long 

bones with high accuracy ratio (2–5,14). A 

gender study done on the cranial skeleton, 

using MLA from CT images, has determined 

the Acc ratios as 88% by LDA and 83% by 

QDA models (6). Likewise, another research 

has used pelvis CT images, finding the Acc 

ratios as 91-93% by DT model (15). Another 

gender determination study performed on the 

femoral bone of the Portugal population has 

found the Acc ratio as 84-91%, using RF 

algorithms (16). Indeed, in our study, gender 

determination ratio of the Acc has been 

revealed as 100% using same algorithms, 

which seems to be very convenient result on 

the gender determination studies. We have 

also found the Acc ratio 98%, measured by 

DT model in our study. Recent studies have 

concentrated particularly on the specified and 

detail parameters of different anatomical 

components which have not been in question 

previously (17–19). This study has 

accordingly focused on the gender 

determination using the parameters obtained 

by MR imaging of the craniocervical 

intersections and cervical spinal canal, 

applying MLA. The results of the DH, APDD, 

ASDD, LALD, TCVL, APSCD, C3SD, 

DBAA, R1, R2, and R3 have been found to be 

significantly different as the gender concerned 

(p≤0.05), as depicted in the Table 1. After the 

DT algorithm, the results of Acc 0.98, Spe 

0.98, Sen 0.98, F1 0.98, and Mcc 0.96, have 

been found upon the trial of ML. The other 

performance criteria after the LR algorithm 

have been determined as 1.00. Consequently, 

upon applying confusion matrix, the accuracy 

of gender determination was 100% in the 

images of 21 males and 23 females used in 

this study. Gender determination is a method 

defining and analyzing the differences of the 

various anatomical components between male 

and female, based on the analysis of sexual 

dimorphism (21). The important parameters 

for the description of biological profile of an 

unidentified person are age, body length, 

ancestry, and gender. Hence, the parameters 

of the age and length of the body are 

particularly considered as the first step to 

make a biological profile for the gender 

determination since their determination is 

relatively easy (3,14,21–23). Gender 

determination has historically been improved 

by the use of various procedures such as 

metric methods, morphological observations 

and/or molecular analyses (24–27). It has 

become critically essential for analyses 

various areas including paleodemography, 

anthropology, radiology, and basic sciences 

such as anatomy and forensic medicine. In 

this study, MLA have been applied through 

the MRI technique, which is relatively faster, 

reliable, and costing less. The results have 

also shown that the accuracy of it is very high 

as compared to the other techniques, just as 

displayed in Table 3. As the literature reports 

on the gender determination are summarized, 

a study has performed progressive 

discriminant functional analysis on the BT 

images of 224 atypic axis bones, with the Acc 

ratio of 92.6% (28). Likewise, another gender 

determination study done on the C7, T1, T11, 

and T12 vertebrates of European whites living 

in South Africa and black people from North 

Africa, has found this ratio as 89% and 85%, 

respectively (18). Another further research on 

gender determination performed in London 

has compared two different discriminant 

analysis method applying to C2, calculating 

the Acc ratios as 76.99% and 83.3% (17). 

Similarly, Acc ratios of 86.7% in trial and 

89.7% in education tests, have been 

determined in a gender determination research 

on Portugal population, using LR model in C2 

(30). Finally, a study has conducted on 70 BT 

(35 women and 35 men) images the C2 and 

C7 from Iranian population, finding these 

values as 81.4% and 78.6%, respectively (30). 

In our study, the Acc ratio has been obtained 

as 100%, applying LR algorithms for the 

gender determination. Overall, literature 

possesses studies that have dealt with the 
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morphometrical analyses of the craniocervical 

and spinal canal parameters (10,11). Our 

study, on the other hand, is the first research, 

as to our knowledge, that has focused on the 

gender determination out of these parameters.  

5. Conclusions 

Consequently, identity determination is 

particularly essential out of the anatomical 

remnants acquired from the disasters like fire, 

flood, war, and deadly accidents. Upon the 

advanced technological developments, 

artificial intelligence studies have more 

frequently been employed on gender 

determination, resulting in the suggestion that 

it will be used as a vital assistant tool in 

medical area. Likewise, results of the studies 

on gender determination just as the case in our 

study, relatively easy and without too much 

work load, are also very suitable means in 

confirming normal anatomical and 

pathological limits by specialist. Introducing 

these results in gender differentiation to the 

artificial intelligence formats will surely 

results in categorizing the gender data, thus 

yielding to faster and more appropriate 

diagnoses. After all, our research using MRI 

technologies for gender determination by 

MLA, have shown that it can be performed 

within a very short period of time with very 

high accuracy. We have obtained 100% Acc 

ratio by the LDA, QDA, DT, and RF 

algorithms, and 98% Acc ratio by the DT 

algorithm, which contributes profoundly to 

the future MLA studies. 
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İşleme: AR, GA, YS Analiz/Yorum: GTŞ, İK, AR, GA, 
YS,ZÖ Literatür taraması: GTŞ, İK, AR, GA, YS,ZÖ 

Yazma: GTŞ, İK, AR, GA, YS,ZÖ. 

Çıkar Çatışması Bildirimi: Yazarlar çıkar çatışması 
olmadığını beyan etmişlerdir.  

Destek ve Teşekkür Beyanı: Yazarlar bu çalışma için 

finansal destek almadıklarını beyan etmişlerdir. 

 

 

 

 


