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Performances of Different Classification Algorithms in Sex
Determination from First Cervical Vertebra Measurements

Rendimiento de Diferentes Algoritmos de Clasificacion en la Determinacion
del Sexo a Partir de las Mediciones de la Primera Vértebra Cervical
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SUMMARY: In the present study, it is aimed to reveal the performances of different classification algorithms in sex determination
from first cervical vertebra, that is, atlas measurements. The classification success of 4 different machine learning\aigoctmparatively
examined for the purpose of sex determination by evaluating 22 atlas measurements on cone beam computed tomography (€BCT) image
of 145 female and 145 male adults. Logistic regression (LR), classification and regression tree (CART), support vect¢Smsiylzind
neural network (NN) algorithms were used for sex diagnosis. Area under the ROC curve (AUC), classification accuracy ({0A), F1-ra
Precision and Recall indexes were used for model performances. Except for 2 measurements, there was a significant tifeenence be
men and women in terms of 20 other parameters (p<0.05). The adjusted effects of these parameters on sex determinatiamedlere exam
with multivariate models and algorithms, and the success of all 4 algorithms was quite good. The success of the NN atgoridioyn (A
91.3 %; 0.87 Specificity, 0.85 Sensitivity) in correctly classifying male and female was the highest, followed by the ttinal§ocuracy
90.9 %; 0.86 Specificity, 0.83 Sensitivity). It was found that the machine learning algorithm applied to the variablemsfgheeshigh
accuracy regarding sex and the NN model was highly effective in sex determination. In addition, a large morphometridf dalabeses o
presented in our results.

KEY WORDS: Atlas; Cone beam computed tomography; First cervical vertebra; Sex determination; Machine learning
algorithms.

INTRODUCTION

The first cervical vertebra, known as the atlas, is a@xamine the studies that aimed to determine sex by
important element of the vertebral column as it connects tegaluating the vertebrae, it is seen that the vertebrae of the
cranial base to the cervical column (Guptaal, 2017; cervical, thoracal and lumbar regions were examined
Palancaet al, 2020) and has anatomical features differef{Garoufiet al, 2020; Azofra-Monge & Aleman Aguilera,
from other cervical vertebrae. This vertebra has a uniq2020; Karacat al, 2023).
shape, but its integrity is difficult to preserve in the fossil
record due to its fragility (Raet al, 2013; Palancast al, Although there are studies examining cervical
2020). Bone analysis may provide the only way to accessrtebrae to determine sex, studies evaluating the atlas are
biological sex in poorly preserved and decomposed corpdesited (Gameet al, 2015; Rozendaai al, 2020; Karaca
in establishing the biological profile of the deceased (Ganed al, 2023). Studies examining the atlas have reported
et al, 2015). Sex estimation is a key element in the analysigferences between both sexes (Marino, 1995; Meysaci
of unknown skeletal remains (Aued al, 2023). Research al.,2020). Although it is advantageous for the atlas to have
conducted for sex prediction has shown that the pelvis aodaracteristic features in sex estimation, it is a disadvantage
skull bones have a high accuracy rate (Ekizeghl, 2021). that it is difficult to reach the vertebra with preserved integrity
Evaluation of various anatomical structures belonging wue to its fragility. For this reason, there is a need for studies
other skeletal parts such as vertebrae has contributed to &eke carried out by taking into account many anatomical
determination (Meyvacet al, 2020, 2021). When we points and parameters in the atlas.
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The aim of this study is to evaluate the parameters appropriate multiplanar sections and linnear measurements
the atlas using machine learning algorithms, which is & the distance between the two points were made. Examples
current method in sex determination, and to reveal tlod P1-6 measurements are shown in Figure 1A-F.
performances of these different classification algorithms in
sex determination. Statistical Analysis. Descriptive statistics of the variables
were given as meastandard deviation (SD), median and
25th-75th quartiles. Shapiro-Wilk test was used for the
normality test of the numerical variables and it was

For this study, first of all, ethical approval wasdetermined that they have not normal distribution in both
received from Bolu Abant Izzet Baysal University Clinicalnen and women. In the first step of the analysis, sexes were
Research Ethics Committee with decision number 2023/8dompared in terms of measured characteristics with the
In our retrospective study, we analyzed the cone bedwann-Whitney U test. After univariate analysis, logistic
computed tomography (CBCT) images of 145 female adultsgression (LR) classification and regression tree (CART),
with an average age of 37888.08 and 145 male adults support vector machine (SVM) and neural network (NN)
with an average age of 41887.56, who applied to the algorithms were used for sex determination. The 5-fold cross-
Department of Oral and Maxillofacial Rgjli validation method for internal validation was used in the

training and testing processes of the models. Model

During the measurements, firstly, the locations of theerformances were evaluated by using area under the ROC
points specified in Table | were determined using theurve (AUC), classification accuracy (CA), Fl-ratio,

Precision and Recall indexes were used.

MATERIAL AND METHOD

Table I. Description of landmarks.

Landmark Definition

1 The mostlateral point of the right transverse processes RESULTS

2 The mostlateral point of the left transverse processes o o

3 Most anterior point on the anterior tubercle Descriptive statistics of atlas
4 Most posterior point on the posterior tubercle measurements according to sex are
5 The dorsal most point of the anterior arch presented in Table Ill. The mean ages of
6 The ventral most point of the posterior arch female and male were 37-58.08 and

7 Most lateral point on the right side of vertebral foramen .

8 Most lateral point on the left side of vertebral foramen 41.9¥17.56, respecftlve_ly, and the_mean
9 Most lateral point of the right transverse foramen age of men was significantly higher
10 Most lateral point of the left transverse foramen (p=0.034).

11 Most medial point of the right transverse foramen

12 Most medial point of the left transverse foramen When Table Il was examined, as
13 The anterior end point of the right superior articular surface a result of univariate analysis, a
14 The posterior end point of the right superior articular surface significant difference was found between
15 The anterior end point of the left superior articular surface .

16 The posterior end point of the left superior articular surface men and women in terms of 20
17 The lateral end point of the right superior articular surface parameters except P16 and P18
18 The medial end point of the right superior articular surface measurements. The corrected effects of
19 The lateral end point of the left superior articular surface these parameters on sex determination
20 The medial end point of the left superior articular surface were examined with multivariate models
21 The anterior end point of the right inferior articular surface and algorithms

22 The posterior end point of the right inferior articular surface '

23 The anterior end point of the left inferior articular surface .

24 The posterior end point of the left inferior articular surface Classification of Male and Female
25 The lateral end point of the right inferior articular surface using 22 atlas measurements: Results
26 The medial end point of the right inferior articular surface of machine learning algorithms

27 The lateral end point of the left inferior articular surface

28 The medial end point of the left inferior articular surface In the study, the classification
29 The most superior point on the anterior arcus in the midsagittal plargeUCCeSS of 4 different machine learning
30 The mostinferior point on the anterior arcus in the midsagittal plan€ . . .

31 The most superior point on the posterior arcus in the midsagittal pldHgCMthms was comparatively examined
32 The mostinferior point on the posterior arcus in the midsagittal plad®r the purpose of diagnosing sex with
33 The most lateral point on the right side of anterior arcus the help of 22 atlas measurements. For
34 The mostlateral point on the left side of anterior arcus this purpose, LR, SVM, CART and NN
35 The most lateral point on the right side of posterior arcus were used. The confusion matrix
36 The most lateral point on the left side of posterior arcus

showing the compatibility between the
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Fig. 1. A. Maximum transverse diameter; B. Maximum anterior-posterior diameter: C. Transverse diameter of foramen vertebrale; D
Anteroposterior diameter of foramen vertebrale; E. Inner diameter of transverse foramen; F. Outer diameter of transvarse forame

Table II. Description of anatomic parameters of the atlas.

Parameters Landmark Definition

P1 1-2 Maximum transverse diameter

P2 3-4 Maximum anteroposterior diameter

P3 5-6 Transverse diameter of vertebral foramen

P4 7-8 Anteroposterior diameter of vertebral foramen

P5 9-10 Inner diameter of transverse foramen

P6 11-12 Outer diameter of transverse foramen

P7 13-14 Maximum anteroposterior diameter of right superior articular surface

P8 15-16 Maximum anteroposterior diameter of left superior articular surface

P9 17-18 Minimum mediolateral diameter of right superior articular surface

P10 19-20 Minimum mediolateral diameter of left superior articular surface

P11 21-22 Maximum anteroposterior diameter of right inferior articular surface

P12 23-24 Maximum anteroposterior diameter of left inferior articular surface

P13 25-26 Minimum mediolateral diameter of right inferior articular surface

P14 27-28 Minimum mediolateral diameter of left inferior articular surface

P15 17-19 Maximum distance between the lateral edges of the superior articular surface
P16 18-20 Minimum distance between the lateral edges of the superior articular surface
P17 25-27 Maximum distance between the lateral edges of the inferior articular surface
P18 26-28 Minimum distance between the lateral edges of the inferior articular surface
P19 29-30 Height arcus anterior

P20 31-32 Height arcus posterior

P21 33-34 Diameter of the anterior arcus

P22 35-36 Diameter of the posterior arcus
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Table Ill. Sex differences in terms of atlas measurements.

Male Female
Mean SD Percentiles Mean SD Percentiles
N 25th Median 75th N 25th Median 75th p*

Age 145 41.93 17.56 25.50 42.00 58.00 145 37.55 16.08 22.00 33.00 50.00 0.034
P1 145 81.31 4.01 78.95 81.00 84.00 145 74.50 3.99 72.00 74.50 77.05 <0.001
P2 145 47.82 2.88 46.00 47.70 49.55 145 44.49 2.51 43.00 44,50 46.00 <0.001
P3 145 31.83 2.82 30.00 31.80 33.80 145 29.96 2.05 28.45 30.00 31.35 <0.001
P4 145 32.75 2.16 31.25 33.00 34.00 145 30.80 2.25 29.50 31.00 32.00 <0.001
P5 145 47.33 3.17 45.00 47.00 49.00 145 44.22 3.46 41.85 44.00 46.00 <0.001
P6 145 62.90 3.79 60.00 63.00 65.25 145 58.44 4.01 55.90 59.00 61.00 <0.001
P7 145 15.36 1.70 14.40 15.00 16.00 145 14.69 1.39 13.50 14.70 15.70 0.001
P8 145 15.14 1.55 14.00 15.00 15.90 145 14.55 1.46 13.50 14.50 15.50 0.001
P9 145 11.69 1.29 10.50 11.50 12.60 145 11.19 1.28 10.20 11.20 12.00 0.003
P10 145 11.72 1.36 10.80 11.50 12.60 145 11.39 1.32 10.50 11.30 12.30 0.048
P11 145 12.36 1.53 11.40 12.30 13.20 145 11.75 1.20 11.00 11.70 12.50 0.001
P12 145 12.00 1.40 11.00 11.70 12.90 145 11.43 1.26 10.50 11.40 12.30 0.002
P13 145 10.56 1.19 9.90 10.50 11.25 145 10.20 1.13 9.40 10.00 10.80 0.012
P14 145 10.68 1.17 9.90 10.50 11.25 145 10.25 0.97 9.60 10,20 10.80 0.004
P15 145 48.47 3.69 45.60 48.00 51.00 145 45,58 3.37 43.20 45.00 47.75 <0.001
P16 145 17.68 3.58 16.00 17.00 18.60 145 17.28 3.01 15.50 17.00 18.40 0.243
P17 145 44,52 4.82 43.00 45.00 47.00 145 41.78 4.97 40.00 42.60 44.00 <0.001
P18 145 16.84 3.76 15.00 16.50 17.70 145 16.88 4.18 15.00 16.00 17.75 0.425
P19 145 12.47 1.24 11.50 12.50 13.00 145 11.31 1.36 10.45 11.10 12.00 <0.001
P20 145 10.30 1.61 9.00 10.20 11.25 145 9.66 1.49 8.50 9.50 10.50 0.001
P21 145 6.95 1.01 6.00 7.00 7.50 145 6.41 0.93 5.70 6.30 7.00 <0.001

P22 145 7.54 1.75 6.00 7.50 8.90 145 7.00 1.61 5.70 6.90 8.00 0.007

*. Mann-Whitney U test

predicted values of the algorithms used to diagnosing sex gmebdictive value (Precision), which are success criteria,
the actual results is given in Table IV. According the resultsyere lowest in the CART algorithm, but the results of the
145 male and 145 female were included in the study and thther 3 algorithms were found to be very similar to each
number of individuals correctly assigned and incorrectlgther. In addition, when false negatives and false positives,
assigned to their sex according to 4 different algorithms. which show incorrect classification rates, are evaluated, it
is seen that all four algorithms used in the study have a
The criteria presented in Table V were evaluated ¢dwer rate of false positives, that is, identifying female as
the diagnostic success of the algorithms. The successd@male when they are actually male. As a result of
the algorithms in distinguishing female was defined bgvaluating both false negativity and false positivity
sensitivity, and the success of the algorithms itogether, it is observed that the CART algorithm gives the
distinguishing men was defined by specificity. In additiongast successful result. The success of the NN algorithm in
the overall diagnostic success of the algorithms used wasrectly classifying male and female was the highest,
explained by the area under the ROC curve (AUC), arfidllowed by the LR algorithm. As a result, the success of
the overall diagnostic success of the artificial NN and LRIl 4 algorithms was quite good. The success criteria of
algorithm was found to be the highest. F1 ratio and Positittee algorithms are given in Table V.

Table IV. Number of individuals classified correctly and incorrectly according to four different algorithms.
Predicted
LR* CART* SVM* NN*
Male Female Total Male Female Total Male Female Total Male Female Total
Male 125 20 145 117 28 145 123 22 145 126 19 145
Female 24 121 145 33 112 145 30 115 145 24 121 145

Total 149 141 290 150 140 290 153 137 290 150 140 290
*. LR: Logistic regression, CART: Classification and regression tree, SVM: Support vector machine, NN:Neural network.
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Table V. Success criteria of algorithms in sex determination.

Model AUC CA F1 Precision Recall Specifity  FP* FN*
(PPV)* (sensitivity)

LR 0.909 0.848 0.848 0.858 0.834 0.862 0.138 0.165

CART 0.817 0.790 0.790 0.800 0.772 0.807 0.193 0.227

SVM 0.895 0.821 0.821 0.839 0.793 0.848 0.152  0.207

NN 0.913 0.852 0.852 0.864 0.853 0.869 0.131 0.165

*: FN: False negative; FP: False positive; PPV: Positive predictive value; Positive group is Female, Negative group is Male.

In addition, when the internal validity of the findingsin the upper left corner of the boxes represent groups in
was evaluated with 5-fold cross-validation, it was seen thathich male are in the majority, and those written "1"
similar findings were obtained. represent groups in which female are in the majority. Binary
undivided boxes are called terminal nodes, and the relevant
When the success of the algorithms used fdiox defines the classification condition of whichever sex it
diagnosing of the sex were evaluated with the ROC curvgglongs to.
the graph shown in Figure 2 was obtained. Each curve
represents the success of an algorithm. The AUC valuestiocording to tree
Table V correspond to the area under these curves. In
addition, the values on the curve are the cut-off values of he first box contains a total of 290 people and the cut-off
the probabilities in sex determination obtained from thevalue of the P1 feature was taken into account as 77.1 mm
algorithms. and divided into two groups. When the 127 people in red
on the left are taken again as cut-off 76.5 mm for P1, it is
The diagnostic tree of the CART algorithm is given seen that 5 out of 9 people are male. According to this
in Figure 3. When Figure 3 is examined, those written "0"result, it can be said that 5 of the 9 people with a P1 value
// e greater than 76.5 mm, that is, the majority, can be separated
e i by looking only at this feature.
e A « Of the remaining 118 people, 5 of the 7 people with a P1
il value less than 76.5 mm, P2 less than 45.5 mm and P3 less
S than 26.8 mm were diagnosed as female, and 75 of the 78
5 people with a P3 value greater than 26.8 mm were
diagnosed as female.
‘ / * In addition, all 11 people whose P1 value was less than
I/ 76.5 mm, P2 was greater than 45.5 mm, and P8 was less
/ than 14.7 mm were correctly classified as female.
: o ’  On the other hand, 5 of the 5 people whose P1 value was
Fig. 2. ROC curves of algorithms.
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Fig. 3. CART diagnostic tree
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less than 76.5 mm, P2 was greater than 45.5 mm and P8 When the literature is examined, it is seen that sex
was greater than 14.7 mm, P19 was less than 11.4 and E&termination studies are carried out with various methods
was less than 10.5 mm were female. in the light of technological developments. A study that
« 4 of the 5 people whose P1 value is less than 76.5 mm, &2imated sex using machine learning algorithms, an up-to-
is greater than 45.5 mm and P8 is greater than 14.7 maate and reliable method, reported that 8 of the 12 measured
P19 is less than 11.4 mm and P14 is greater than 10.5 mparameters were significantly longer (p<0.05) in the male
are female. atlas. It has been emphasized that these parameters can predict
« 5 of the 6 people with P1 value less than 76.5 mm, B2x with 82.6 % accuracy and that first cervical vertebrae-
greater than 45.5 mm and P8 greater than 14.7 mm , Ri&sed sex prediction can provide the basis for human
measurement greater than 11.4 mm and P11 value less tid@ntification with an acceptable level of accuracy (Poodendan
12.3 mm were female, et al, 2023).
« It was observed that 5 of the 6 people with P1 value less
than 76.5 mm, P2 greater than 45.5 mm and P8 greater  In our study, where sex was estimated from the atlas
than 14.7 mm , P19 measurement greater than 11.4 mising machine learning algorithms, as a result of the
and P11 value greater than 12.3 mm were male. evaluation of the measurements, a significant difference was
found between male and female in terms of 20 parameters
Ultimately, the boxes that are no longer binary arexcept 2 measurements (p<0.05). The corrected effects of
the people assigned to the male and female groufhese sexually dimorphic parameters on sex determination
represented by “0 and 1" in the upper right corner. were examined with multivariate models and algorithms.
The success of the entire algorithm, including LR (90.9 %),
It is interpreted similarly in the boxes on the rightCART (81.7 %), SVM (89.5 %) and NN (91.3 %), was found
where those with a P1 value of 77.1 mm are classifieth be quite good.
starting from the first box of the tree in question.
When we compared our study with Poodenelzai.
DISCUSSION (2023), which was conducted with a similar method, we
found that the number of atlas parameters we evaluated had
The fact that the morphometric parameters of theexual dimorphic features was higher and the accuracy rates
atlas, the upper segment of the cervical vertebrae, diffefthese parameters were higher.
according to the population reveals the need for population-
specific sex determination studies (Poodereta, 2023). When we examined different classification
Determination of morphometric values of atlas, taking intalgorithms in terms of their performance in sex determination
account sex, is important for the preoperative preparatifmom first cervical vertebra measurements, we found that
of the clinician due to its close proximity to importantNN (Accuracy 91.3 %; 0.87 Specificity, 0.85 Sensitivity)
anatomical structures such as medulla oblongata, C1 spiaat LR (Accuracy 90.9 %; 0.86 Specificity, 0.83 Sensitivity)
nerve and vertebral vessels. algorithms were the best. In the study of Pooderedat
(2023), it was reported that the decision stump (Accuracy
In a previous study which sex determination wa82.6 %; root mean squared error = 0.38) and random forest
carried out with the help of discriminant function analysigAccuracy 79.6 %; root mean squared error = 0.38)
it was reported that sex estimation could be made with 7algorithms showed the best performance.
85 % accuracy by examining 100 dry atlas (Marino, 1995).
In a study conducted with 200 individuals from the Turkish The large number of atlas parameters we examined
population (100 female, 100 male), atlas was examined withour research and the high accuracy of the classification
the help of neck computed tomography. By measuring tladgorithms we use in sex diagnosing make them more
distance between both the medial and lateral edges of #ffective in contributing to the sex diagnosing process than
transverse foramen, the accuracy of sex prediction wather studies.
found to be 76-80 % (Meyvaet al, 2020). In our study
which we estimated sex, 22 parameters were examined on  Accurate sex determination is very important for
CBCT images of 290 individuals (145 female, 145 malejuccessful forensic identification (Ouef al, 2018), and
belonging to the Turkish population and it was determineatlas' unique features make this bone advantageous in sex
that sex determination would be made with an accuraegtimation. In our study where we evaluated the accuracy of
rate of 82-91 %. It is seen that this result is higher than thex determination from morphological variables of atlas in
accuracy rates determined by previous atlas studig® Turkish population, it was found that our machine
(Meyvaciet al, 2020). learning model gave high accuracy for sex and the NN model
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was the most effective in sex determination. In addition, oGupta, C.; Radhakrishnan, P.; Palimar, V., & Kiruba, N. L. A quantitative
preliminary results present the normative dimension value, analysis of atlas vertebrae and its abnormalitiesviorphol. Sci.,

.. . 30(2).0-0, 2017.
takmg into account sex-related differences, as the parametl%%ca, A. M.; Senol, E., & Eraslan, C. Evaluation of the usage of the

of the atlas show sexual dimorphism with high accuracy, cervical 7th vertebra in sex estimation with measurements on
and the atlas has strategic importance due to its importantcomputerized tomography imagésgal Med. (Tokyo), 6202220,

anatomical neighborhoods. 2023,
9 Marino, E. A. Sex estimation using the first cervical vertehna. J. Phys.

— Anthropol., 97(2)127-33, 1995.
SERTEL MEYVACI, S.; ANKARALI, H.; GOLLER BULUT, Meyvaci, S. S.; Arifoglu, Y.; Gurel, S.; & Buber, A. Radio-anatomical

D. & TASKIN, B. Rendimiento de diferentes algoritmos de examination from foramen transversarium of first cervical vertebra for
clasificacion en la determinacion del sexo a partir de las medicionessex estimationForensic Sci. Int. Rep., 200078, 2020.

de la primera vértebra cervicaht. J. Morphol., 42(51439-1445, Meyvaci, S.S.;Bulut,D.G.; Oztirk, A. T., & Ankarall, H. Gender estimation
2024. from angular parameters of mandible in Turkish adiesd. J. West.

Black Sea, 5(2240-7, 2021.
Oura, P.; Karppinen, J.; Niinimaki, J.; & Junno, J. A. Sex estimation from

RE~SUMEN.: El objetivo ‘?'e estudio fuglrevglar el dimensions of the fourth lumbar vertebra in Northern Finns of 20, 30,
desempefio de diferentes algoritmos de clasificacion en la 444 46 years of agBorensic Sci. Int., 29850.e1-350.e6, 2018.

determinacion del sexo a partir de la primera vertebra cervical,/iancar, C. A.; Torres-Tamayo, N.; Garcia-Martinez, D., Garcia-Tabernero,

atlas. El éxito de la clasificacion de 4 algoritmos diferentes de A., Rosas, A., & Bastir, M. Comparative anatomy and 3D geometric

aprendizaje automatico se examiné comparativamente con el fin morphometrics of the El Sidrén atlases (J1Hum. Evol., 14902897,

de determinar el sexo mediante la evaluacion de 22 mediciones de2020.

atlas en imagenes de tomografia computarizada de haz corfi@dendan, C., Suwannakhan, A., Chawalchitiporn, T.; Kasai, Y.,

(CBCT) de 145 mujeres y 145 hombres adultos. Para el diagnésticoNantasenamat, C., Yurasakpong, L.; lamsaard, S. & Chalyamoon, A.

de sexo se utilizaron algoritmos de clasificacion y arbol de regresion Morphometric analysis of dry atlas vertebrae in a northeastern Thai
P population and possible correlation with s&urg. Radiol. Anat.,

(CART), maquina de vectores de soporte (SVM) y redes neuronales g y175.81, 2023.

(NN). Para el rendimiento del modelo se utilizaron el area bajoggio, R. D.; Tang, S., Lim, C., & Yoganandan, N. Developmental

curva ROC (AUC), la precision de clasificacion (CA), la relacion  morphology and ossification patterns of the C1 vertebrfaone Joint

F1, los indices de precisién y recuperacion. Excepto en dos Surg. Am., 95(17¢1241-7, 2013.

mediciones, hubo una diferencia significativa entre hombresRpzendaal, A. S., Scott, S.; Peckmann, T. R., & Meek, S. Estimating sex

mujeres en otros 20 parametros (p<0,05). Los efectos ajustados gdrom th(=T seven cer\(ical \_/ertebrae: An analysis of two European skeletal

estos parametros en la determinacién del sexo se examinaron coffoPulationsForensic Sci. Int., 30610072, 2020.

modelos y algoritmos multivariados, y el éxito de los cuatro

algoritmos fue bastante bueno. El éxito del algoritmo NN (Precision

91,3 %; 0,87 Especificidad, 0,85 Sensibilidad) en clasificdporresponding author:

correctamente a hombres y mujeres fue el mas alto, seguido pop@fia Sertel Meyvaci

algoritmo LR (Precision 90,9 %:; 0,86 Especificidad, 0,830lu Abant Izzet Baysal University

Sensibilidad). Se encontr6é que el algoritmo de aprendizaf@culty of Medicine

automatico aplicado a las variables del atlas dio una alta precisidfpartment of Anatomy

con respecto al sexo, y el modelo NN fue altamente efectivo en@8lkoy Campus

determinacién del sexo. Ademas, en nuestros resultados se pres@ﬁﬂé

una importante base de datos morfométricos del atlas. TURKEY

PALABRAS CLAVE: Atlas; Tomografia . . )
computarizada de haz cénico; Primera vértebra cervical; E-mail: sedasertelmeyvaci@gmail.com
Determinacion de sexo; Algoritmos de aprendizaje automatico.
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