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Abstract: The fact that the femur has a solid structure ensures that the integrity of the bone is preserved, making it 
favorable in the sex determination process. In this study, it was aimed to predict sex by using angular variables of femur 
from computed tomography (CT) images and machine learning algorithms. In this study, a total of 4 angular 
measurements, including the femoral inclination angle (FIA) and Alsberg angle (FAA) of the proximal femur on both 
sides, were evaluated on CT images of 88 female and 92 male adults. Logistic regression (LR) and classification and 
regression tree (CART) machine learning algorithms were used for sex diagnosis. 5-fold cross-validation method was 
used in the training and testing processes of the models. Model performances were evaluated with area under the ROC 
curve, Precision and Recall statistics. Of the 4 angle measurements evaluated, only the right side FIA mean was 
significantly higher in women (p=0.042). The sex diagnosis success of the LR model and the CART algorithm were found 
to be similar (p values 0.014 and 0.017, respectively). When the success criteria of each algorithm were examined, we 
saw that although sex estimation was significant, (Acc 0.61, Acc 0.60, respectively) they were not very successful. We 
found that the machine learning algorithms applied to the variables of proximal femur angle parameters gave low 
accuracy of sex and the effect of both models on sex estimation was similar. 

Keywords: Artificial neural networks, Upper femur angles, Sex assessment, Forensic anthropology, Femoral neck-
shaft angle, Collo-diaphyseal angle. 

INTRODUCTION 

Sex identification of human skeletal remains is 
important in establishing the biological profile of an 
unidentified individual. Accurately estimating sex of 
skeletal remains is based on the presence of pelvic 
bones in forensic and bioarchaeological environments 
and their well-preserved nature [1]. In cases where 
pelvic bones cannot be used, methods developed from 
other skeletal components, including the femur, have 
been needed for sex assessment. The femur, whose 
main function is to bear weight and to provide stability 
to walk, is the longest, heaviest and strongest bone in 
the human body [2, 3]. Femoral inclination angle (FIA) 
is important in the evaluation of hip anatomy and useful 
for operation planning [4]. FIA, participates in the adult 
hip joint structure and also changes with age [5]. 

Studies evaluating sex determination in the femur 
have examined various anatomical structures of the 
proximal and distal femur [1, 6]. In a study examining 
FIA in the proximal femur, a difference between both 
sexes was reported [7]. In another study, although FIA 
and femoral Alsberg angle (FAA) were evaluated 
according to age and sex, determination of sex was not 
assessed [5]. 
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Since plain radiographs are two-dimensional, 
radiographic assessment of femoral rotation is difficult 
[8], and accurate measurement of bone geometry is 
better achieved using 3-dimensional computed 
tomography (CT) [9]. 

The aim of this study is to estimate sex with the help 
of FIA and FAA parameters in the proximal femur using 
current methods such as machine learning algorithms. 
However, due to importance of these angular 
parameters in preoperative planning in the clinical field, 
our preliminary results present sex-related differences. 

MATERIAL AND METHOD 

In this study, a total of 4 angular parameters, 
bilateral FIA and FAA, of the femur of 180 individuals 
(88 females, 92 males) aged between 20-83 years who 
applied to the Department of Radiology, Faculty of 
Medicine, Bolu Abant Izzet Baysal University for 
various reasons to have an abdominal CT scan and did 
not have any pathology or previous surgery that would 
affect the proximal femur morphometry, were evaluated 
retrospectively. Age information of the cases was 
determined from the images obtained. Visuals of the 
measured variables are given in Figure 1. This study, 
ethical approval was received from Bolu Abant Izzet 
Baysal University Clinical Research Ethics Committee 
Approval with decision number 2022/256. 
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Definition of Femoral Angular Measurement 
Parameters and Locations 

A. Inclination Angle (FIA) 

Angle formed at the intersection of the anatomical 
axis of the femur with the axis of the collum femoris 
and the opening facing inward. 

B. Alsberg Angle (FAA) 

Angle formed at the intersection of the epiphyseal 
line at the junction of the collum femoris and the caput 
femoris and the anatomical axis of the femur and the 
opening facing inward (Figure 1). 

Statistical Analysis 

Descriptive values of the measured angles were 
computed as mean, standard deviation, median and 
first and third quartiles. Normality assumption was 
checked with the Shapiro-Wilk test and it was 
determined that they did not have normal distribution in 
both women and men. In the first step, the sexes were 
compared with the Mann-Whitney U test in terms of the 
measured angles. In the second step, binary logistic 
regression (LR) and classification and regression tree 

(CART) algorithms were used to classification of sex. 
Five-fold cross-validation method was used in the 
training and testing processes of the models. Model 
performances were evaluated with area under the ROC 
curve, precision and recall statistics. We accepted as 
p<0.05 for the statistical significance level and SPSS 
(ver. 23) program was used in the calculations. 

RESULTS 

Descriptive statistics of FIA and FAA in the proximal 
femur according to sex are presented in Table 1. The 
average age of males was 52.46±14.02 and the 
average age of females was 50.98±13.39, and there 
was no significant difference in age between sexes 
(p=0.470). When Table 1 is examined, only the right 
femur inclination angle (RFIA) average was found to be 
significantly greater in females as a result of univariate 
evaluation, while there was no significant difference 
between sexes in terms of the other 3 angle 
measurements, namely right femur Alsberg angle 
(RFAA), left femur inclination angle (LFIA), and left 
femur Alsberg angle (LFAA). According to this result, 
the 4 angles consisting of the right and left 
measurements were re-examined with multivariate 

 
Figure 1: Measurement of proximal femoral angular parameters on CT image. 

Table 1: Difference in Proximal Femur Inclination and Alsberg Angles According to Sex 

SEX 

Male Female 

Percentiles Percentiles 
 

N Mean SD 
25th Median 75th 

N Mean SD 
25th Median 75th 

P* 

Age 92 52.46 14.015 43.00 55.00 63.75 88 50.98 13.393 42.25 51.0 61.0 0.470 

RFIA 92 134.72 5.115 132.00 134.00 138.00 88 136.08 3.671 133.25 136.0 139.0 0.042 

LFIA 92 134.99 3.743 132.25 134.50 138.00 88 135.40 3.337 133.0 135.0 138.0 0.441 

RFAA 92 50.53 4.573 47.25 50.50 54.00 88 51.34 4.775 47.25 51.5 55.0 0.248 

LFAA 92 50.35 4.546 47.00 50.00 54.00 88 50.91 4.570 48.0 51.0 55.0 0.410 

*: Mann-Whitney U test. 
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classification models and it was seen that only RFIA 
could distinguish sexs significantly. LR and CART 
results were given from these model results. However, 
since only the RFIA measurement was found to be 
significant in sex distinguishing in the models in 
question, it is seen that the results are not different 
from the univariate evaluation. 

Classification of Males and Females using FIA and 
FAA Measurements on the Proximal Femur: 
Results of Machine Learning Algorithms 

In our study, the classification success of 2 different 
machine learning algorithms for sex estimation with the 
help of FIA and FAA measurements in the proximal 
femur was comparatively examined. For this purpose, 
LR and CART were used. The confusion matrix 
showing the compatibility between the estimated 
values of the algorithms used in the study and the 
actual results is given in Table 2. The criteria presented 
in Table 3 were evaluated as the criterion of diagnostic 
success. Only RFIA was included in the LR model from 
the 4 angle measurements and it was determined that 
it had a significant effect on sex estimation (p=0.047). 

When the diagnostic tree of the CART algorithm is 
examined, 9 out of 10 individuals with a RFIA of less 
than 128.5 were male. Of the 99 individuals with a 
RFIA between 128.5 and 136.5, 54 were male and the 
rest were female. Of the 71 individuals with a RFIA 
greater than 136.5, 42 were female. According to this 
result, the classification success of the CART algorithm 
is high, especially in cases with a RFIA of less than 
128.5 and a RFIA greater than 136.5.  

Table 2 shows the correct and incorrect 
classification of 92 male and 88 female individuals 
included in the study to their own sex. 

The success of the algorithms in distinguishing 
female sex was defined by sensitivity (Sen) and the 
success in distinguishing male sex was defined by 
specificity (Spe). In addition, the general determination 
success of the algorithms were explained by the area 
under the ROC curve (AUC) and the sex diagnostic 
success of the LR model and the CART algorithm was 
found to be similar (p values 0.014 and 0.017, 
respectively). In both algorithms, only RFIA was 
included in the model as in the univariate analysis and 
they gave similar results.  

When the success criteria of the algorithms were 
examined (Table 3), although their success in 
distinguishing sexes is found to be significant, it was 
not very successful. When the success of the 
algorithms used in sex estimation was evaluated with 
the ROC curve, the graph given in Figure 2 was 
obtained. Each curve represents the success of an 
algorithm. The AUC values in Table 3 correspond to 
the area under these curves. In addition, the values on 
the curve are the cut-off values of the probabilities in 
sex estimation obtained from the algorithms. 

DISCUSSION 

Due to the better classification provided by deep 
learning based on radiological methods, it has attracted 
significant attention in forensic anthropology. 
Furthermore, it has been stated that deep learning can 

Table 2: Number of Individuals Classified Correctly and Incorrectly according to Two Different Algorithms 

Predicted from Model 
 

LR* CART* 

Sex Male  Female Total Male Female Total 

Male 55 37 92 63 29 92 

Female 42 46 88 46 42 88 A
ct

ua
l 

Total 97 83 180 109 71 180 

*: LR: Logistic regression, CART: Classification and regression tree. 

 

Table 3: Success Criteria of Algorithms in Sex Estimation 

Model AUC±SE Precision (PPV)* Recall (sensitivity) Specifity FP* FN* 

LR 0.606±0.042 0.554 0.523 0.598 0.402 0.477 

CART 0.603±0.042 0.592 0.477 0.685 0.315 0.592 

*: FN: False negatif; FP: False pozitif; PPV: Pozitive predictive value; Pozitive group is “Female”, Negative group is “Male”. 
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be applied for fast and accurate sex estimation from 
skeletal remains [10]. Deep learning method not only 
improves the diagnosis and treatment of diseases 
related to the proximal femur in clinical settings, but 
also contributes to the development of forensic science 
due to its applicability in sex determination studies [11-
13]. Sex estimation from skeletal remains is one of the 
most important issues in forensic anthropology. 
Traditionally, the cranium and pelvis bones, which are 
more sexually dimorphic, are used for accurate sex 
estimation. The cranium is less reliable than long 
bones, as several studies have demonstrated that long 
bones provide better accuracy for sex estimation when 
the pelvis is unavailable [14]. The fact that the femur, 
which has been proven to accurately predict sex, has a 
solid structure also provides an advantage over other 
bones in the sex determination process, as it will 
preserve the integrity of this bone [15, 16]. 

Many researchers have obtained data by measuring 
various parameters on the femur and used this data in 
sex determination. In addition to traditional methods 
used in sex determination, a current method, deep 
learning detection and classification, was used to 
examine the proximal femur for sex estimation using 
digital pelvis radiography. In a study, which presents a 
computer-aided method, an automatic proximal femur 
detection based on deep learning (YOLOv5) was 
performed and it was reported that the accuracy was 
characterized by the intersection point on the union 
(IOU). The IOU average was 0.92 and varied between 
0.73 and 0.992, indicating that YOLOv5 performed well 
in sex determination of the proximal femur. The sex 

estimation accuracy for the Chinese Han population 
test dataset was found to be 94.6%. The sex estimation 
accuracy for the white population samples was 82.9%. 
The accuracy of deep machine learning convolutional 
neural networks (CNN) tested on the Chinese 
population was reported to be significantly higher than 
that tested on the Caucasian population (p<0.001) [17]. 

A comparative study of the performance of 
supervised learning algorithms in proximal femur sex 
prediction in contemporary Egyptian and Turkish 
samples compared nine machine learning algorithms 
including linear discriminant analysis (LDA), quadratic 
discriminant analysis (QDA), support vector machine 
(SVM), Decision Tree (DT), Gaussian process (GPC), 
Naïve Bayesian (NBC), K-Nearest Neighbor (KNN), 
Random Forest (RFM) and Adaptive boosting 
(Adaboost). They reported that the raw models RFM, 
LDA, QDA and SVM performed best without calibration 
techniques for posterior probabilities >0.95, while LDA 
and QDA remained the fastest and simplest classifiers. 
Random forest (RFM) was found to be the best 
supervised learning method for sex estimation with an 
accuracy rate of 93-94% [18]. 

The femur was evaluated in a study examining 
linear discriminant analysis (LDA), penalized logistic 
regression (PLR), random forest (RF), support vector 
machine (SVM), and artificial neural network (ANN) 
classification models for sex estimation based on 18 
combined measurements of long bones (radius, 
humerus, femur, and tibia) using machine learning 
classifiers. In cross-validation and sample testing, it 
was observed that the accuracy rate of the isolated 
femur bone for the reference sample varied between 
85.4% and 89.4%, and all used algorithms had similar 
results [16]. 

In our study, purpose was to estimate sex with 
machine learning algorithms using the measurement 
values of FIA and FAA parameters. We found that 
there was no significant difference between the sexes 
in terms of 3 angle measurements, LFIA, RFAA, LFAA, 
and only the RFIA average was found to be 
significantly larger in women (p=0.042). 

As a result of our comparative examination of the 
classification success of 2 different machine learning 
algorithms used in sex estimation, only the RFIA angle 
was included in the LR model out of 4 angle 
measurements and it had a significant effect on sex 
estimation (p=0.047). LR algorithm showed 0.61 Acc, 

 
Figure 2: ROC curves of the algorithms. 
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0.598 Spe, 0.523 Sen and 0.554 PPV values whilst, in 
the CART algorithm, we found 0.60 Acc, 0.685 Spe, 
0.477, Sen and 0.592 PPV values. When the diagnosis 
tree of this algorithm was examined, it was seen that 
the classification success was high, especially in cases 
where RFIA was less than 128.5 and RFIA was greater 
than 136.5. Although the sex estimation success of the 
LR model (p=0.014) and the CART algorithm (p=0.017) 
was found to be similar and significant, it was seen that 
they could not distinguish sexes very successfully. The 
61% accuracy rate obtained in our study is low 
compared to other studies, which negatively affects its 
potential to be used alone in the forensic identification 
process. When the results were compared, the highest 
accuracy rate was reported as 94.6% [17]. We think 
that the reason for the different accuracy rates in the 
results of the studies may be due to the differences in 
the parameters and algorithms of the femur used, as 
well as ethnic origin. 

In our study, we investigated the potential of angular 
measurements of the proximal femur in sex estimation 
in a Turkish population using an up-to-date method, 
machine learning algorithms, and we found that some 
angular parameters of the proximal femur were 
dimorphic in sex estimation, but they did not have 
sufficient potential to be used alone in sex 
determination. 
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