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SUMMARY: This study focuses on sex prediction by machine learning (ML) algorithms using brainstem data obtained from
brain magnetic resonance images (MRIs) of a healthy adult Turkish population. In the study, midbrain thickness (TMT), pons
thickness (TP), medulla thickness (TM), spinal cord thickness (TSC), mamillopontine distance (MPD), midbrain height (MBH),
pontomesencephalic angle (PMA), tectum and tegmentum sagittal diameter, (TTSD) were measured from brain MR images of 200
women and 200 men, tectum and tegmentum transverse diameter (TTTD), right pedunculus cerebri sagittal diameter (RPCSD), left
pedunculus cerebri sagittal diameter (LPCSD), right pedunculus cerebri transverse diameter (RPCTD), left pedunculus cerebri
transverse diameter (LPCTD) variables were measured. Logistic Regression Classifier (LRC), Gradient Boosting Classifier (GBC),
Decision Tree Classifier (DTC), K-Nearest Neighbors (KNN), Linear Discriminant Analysis (LDA), Random Forest Classifier
(RFC), Naive Bayes Classifiers (NBC), XGBoost (XGB) ML algorithms were used. RStudio was used for statistical analysis. The
RFC algorithm showed the highest ACC ratio of 0.79 and F1 score of 0.79. According to shap analysis, MPD made the greatest
contribution to the performance of the classification models. The variables with statistically significant differencesdestegeen
were TM, TSC, TTSD, RPCSD and RPCTD. The study shows that ML algorithms can predict sex with 79 % accuracy out of
brainstem data. This result clearly shows the effect of sex on brainstem morphometry.
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INTRODUCTION

Several studies have been accumulating in tibe brain MRIs in routine examinations, diagnosis and
literature evaluating the processes related to normieatment follow-up processes of various diseases has
development, maturation and aging of the brain, and ti¢come the gold standard in practice (Gietldl, 2012;
effects of diseases, in relation to various age groups and seRégagopakt al, 2021). Effects of neurodegenerative (Levit
(Gieddet al,, 2012; Kariewet al, 2019; Reinarét al, 2015; et al, 2020; Rajagopatt al, 2021; Jellinger, 2022) and
Jahanshael al, 2017; Rajagopalt al, 2021). These studies psychiatric (Cheet al, 2023) diseases on critical structures
have concluded that aging and pathological processes ca@kthe brain such as the brainstem are reflected in brain MR
certain changes in the anatomical and morphologictihages. Examples of such reflections include the use of the
structures of the brain. It has also been emphasized that plegtomesencephalic angle for intracranial hypotension (Shah
sex factor is effective in the morphometric structures of tre§ al, 2013) or the mamillopontine distance for the diagnosis
brain and the prevalence of several diseases (@iedd of hydrocephalus (Kariest al, 2019). The brain stem, which
2012; Jahanshaet al, 2017). MR imaging has, in recentis located between the medulla spinalis and diencephalon
years, been used to provide reliable morphometric data(ikoehleret al, 1985) is the part of the central nervous system
research in which the brain is examined because it refleé@nsisting of the medulla oblangata, pons and
soft tissues very well (Giedet al, 2012; Reinargt al, mesencephalon, including many nuclei of the central nervous
2015; Jahanshaet al, 2017; Kariewet al, 2019). Use of System and descending and ascending pathways.
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To the extent that literature has been reviewe®Al BU, with any complaint and were found to have no
research in the field of sex estimation has been enrichdidease affecting the brain stem were evaluated. The study
by studies in various disciplines. The utilization ofvas approved by the Clinical Research Ethics Committee
extensive data sets, bolstered by survey responses aiitth decision number 2024/226 and was conducted in
medical histories, to estimate demographic parameters sacitordance with the Declaration of Helsinki. Brain MRIs
as age, sex, and other characteristics is a common pracG€@00 healthy women and 200 healthy men aged 25-55
in the field of identification. The incorporation of suchyears between June 2023 and September 2024 were used
data has been found to expand the scope of applicationgothe study. MRIs were taken with 1.5 T Signa Explorer
MLa. The estimation of sex necessitates a multidisciplinaMRI Scanner (GE Medical Systems, Milwaukee,
approach incorporating the utilization of MLa. ResearcWisconsin, USA. Images captured from Picture Archiving
of this nature, which encompasses the entirety of amd Communication Systems (PACS) system BAIBU were
individual's anatomical structures, is poised to serve asransferred to MicroDicom Viewer 2024.1 (64 bit) personal
foundational reference point in the realm of forensiworkstation for morphometric analysis. Subjects with
science, particularly in the context of natural disasters orissing or insufficient images and those with a history of
armed conflicts (Tetiker & Gencer, 2020; Arslan &degenerative, cerebrovascular, neurologic or psychiatric
Tugutlu., 2023; Taskiet al, 2023). diseases were excluded from the study.

Several literature reports have examined brainstem Brain MRIs in the axial and sagittal planes were
morphometry of healthy adults (Le¢ al, 2009; Polaket used for the variables in concern to be measured. For each
al., 2020; Debnatlet al, 2023; Demiret al, 2023). Such participant, linear measurements were recorded in mm with
studies are of essential because they provide reference vaklestronic calipers on the current workstation and angle
in the diagnosis and treatment follow-up processes ofeasurements were recorded in degrees on an excel sheet.
pathological conditions. These studies have also be&ince inter-observer error was not desired, the
focusing on sex prediction through applying values of sevenaeasurements were made by an expert. The variables
variables of different organs. However, it has been observettasured on the sagittal plane are TMT: midbrain
that the number of studies evaluating the brainstem withtliickness, TP: pons thickness, TM: medulla thickness,
focus on healthy Turkish population is very limited (PolaTSC: spinal cord thickness, MPD: mamillopontine
etal, 2020; Demiet al, 2023). The present study thereforaedistance, @ MBH: midbrain  height, PMA:
aims to acquire reference values of the certain brainstggontomesencephalic angle, TTSD: tectum and tegmentum
variables on brain MRIs of the healthy participants ageshgittal diameter, TTTD: tectum and tegmentum transverse

between 25-55 years, and to predict the sex. diameter, LPCSD: left pedunculus cerebri sagittal diameter,
RPCSD: right pedunculus cerebri sagittal diameter,
MATERIAL AND METHOD LPCTD: left pedunculus cerebri transverse diameter,

RPCTD: right pedunculus cerebri transverse diameter. The
In the cross-sectional retrospective study, healthmeasurement and reference points of the variables
participants who came to Department of Neurologyneasured in the axial plane are shown in Figs. 1 and 2.

S i

Fig.1.1-TMB, 2- TP, 3-TM, 4- TSC, 5- MPD, 6- MBH, 7- PMA (TMT: midBrain thickness, TP: pons thickness, TM: medulla #icknes
TSC: spinal cord thickness, MPD: mamillopontine distance, MBH: midbrain height, PMA: pontomesencephalic angle).
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Fig. 2. 8-TTSD, 9- TTTD, 10- LPCSD, 11- RPCSD, 12- LPCTD, 13- RPCTD (TTSD: tectum and tegmentum sagittal diameter, TTTD:
tectum and tegmentum transverse diameter, LPCSD: left pedunculus cerebri sagittal diameter, RPCSD: right pedunculustaerebri sag
diameter, LPCTD: left pedunculus cerebri transverse diameter, RPCTD: right pedunculus cerebri transverse diameter).

Machine Learning Algorithms (ML) were used as evaluation criteria. The formulation of the

evaluation criteria is shown in Formula 1.
The algorithms were written in Python software

language through Spyder IDe. The specifications of the ACC =75 +;§ig+m

computer on which the algorithms were written and analyzed

are shown in Table I. PRE = %
Logistic Regression Classifier (LRC), Gradient REC = —TF

Boosting Classifier (GBC), Decision Tree Classifier (DTC), TP +FN

K-Nearest Neighbors (KNN), Linear Discriminant Analysis o PRE x REC

(LDA), Random Forest Classifier (RFC), Naive Bayes PRE + REC

Classifiers (NBC), XGBoost (XGB) were used as ML. Dat&ormula 1. Precision (pre), recall (rec), f1-score (F1), Accuracy

were taken as 80 % training and 20 % testin@ACC).

(Random_state=4). Hyperparameters were chosen as

“citerion=entropy, max_depth=8, random_state=0" in DT Gtatistical analysis

algorithm; “metric=winskow, p=2, n_neighbors=7"in KNN

algorithm; “citerion=entropy, n_estimators=61" in RFC Statistical analyses were performed with RStudio

algorithm. Performance evaluation in classification modetspen-source software program. One-factor analysis of

is performed with confusion matrix (CM). CM consists ofvariance (One-Way Anova) was applied to all variables.

four labels: true positive (TP), true negative (TN), falsénderson Darling Test was performed for the residual values

positive (FP), false negative (FN). TP refers to the correctigvealed upon the analysis of variance, and then their

predicted positive label. TN refers to a correctly predictecbnformity to the normal distribution was evaluated by

negative label. FP stands for falsely predicted positive valuesawing the QQplot and histogram graph. Logarithmic and

while FN stands for falsely predicted negative valuesquare root transformation procedures were applied to the

Precision (pre), recall (rec), f1-score (F1), Accuracy (ACGjariables that did not fit the normal distribution. Parametric
tests were applied to the variables that fit the

Table I. Characteristics of the computer on which the algorithms are written B@fmal distribution because of the

analyzed. transformation process. Following the
Processor Intel Core i5-13400F 13th Gextion independent sample t test for parametric
Video Card Zotac GeForce RTX 4060 Ti Twin Edge 8 gb gddr 128 BitNvidiariables and Mann Whitney U test for
Motherboard MSI PRO H610M-E DDR4 Intel H610 3200 MHz (OC) nonparametric variables; mean and standard
SSD Crucial 1TB p3 Plut serisi 3D NVMe M.2

deviation (std) values of parametric
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maximum (max) values of nonparametric variables wefEable IV. Descriptive statistics results of variables, Mann Whitney
calculated. As a result of the transformation process, the méaand independent t test results.

and 95 % confidence intervals of the variables that fit thariables M (n=200) F (n=200)
normal distribution are given. Age 38(25-59) 37(25-59)
p-value 0336
RESULTS T™MB 12.9+1.4 12.8+1.4
pvalue 0.337
The analysis revealed that the ACC ratio for LR, TP 22.8+15 22.0+18
GBC, DTC, KNN, LDA, NBC, RFC, SVM, XGB algorithms p-alue 1.000
were 0.75, 0.72, 0.70, 0.76, 0.75, 0.74, 0.79, 0.70 and 0.72m 13.2+1.3 12.6+1.4
respectively (Table I). The F1 scores of the algorithms werg.yajue <00l
0.75, 0.73, 0.70, 0.76, 0.75, 0.75, 0.74, 0.79, 0.70 and 0.7%g 8.1+09 74+10
for LR, GBC, DT, KNN, LDA, NBC, RFC, SVM and XGB pvalue <001
algonthms, respectively. The RFC algorithm had the highest,;p, 79+14 6.9+14
ACC ratio of 0.79 and F1 score of 0.79 (Table II).
pvalue <.001
Table Il. Algorithms evaluation criteria Precision, Recall, Fl—scoreMBH 136 (13.3-13.8) 130 (12.7-13.3)
and Accuracy results ( %). pvalue 0.002
Algorithm Precision Recall  fl-score Acacy TTSD 15.2 (10.0-20.3) 14.7 (9.9-20.9)
LR 0.75 0.75 0.75 0.75 pvalue 0.038
GBC 0.73 0.72 0.73 0.72 TTTD 18,5 (14.6-23.7) 18.0 (10.7-22.2)
QN 077 om om oz PYaue <00t
LDA 075 075 075 075  RPCSD 15718 148219
NBC 074 0.74 0.74 074  Pvalue <.001
RFC 0.79 0.79 0.79 079 LPCSD 15.7£1.6 14.6+1.9
SVM 0.70 0.70 0.70 070  pvalue <.001
XGB 0.72 0.72 0.72 0.72 RPCTD 14.6 (14.4-14.9) 133 (13.1-135)
Logistic Regression Classifier (LRC), Gradient Boosting Classifier (GBC), p-value <.001
Decision Tree Classifier (DTC), K-Nearest Neighbors (KNN), Linear | pcTD 14.4+17 13.2+17

Discriminant Analysis (LDA), Random Forest Classifier (RFC), Naive

Bayes Classifiers (NBC), XGBoost (XGB). pvalue <.001

k: p value of Mann Whitney U test result. |: p value in the result of the
independent test. Mesastd. Median (min-max). Mean (95 % confidence

. . intervals). TMT: midbrain thickness, TP: pons thickness, TM: medulla

Tenfold cross validation was performed as CroSgickness, TSC: spinal cord thickness, MPD: mamillopontine distance, MBH:
validation. The validation rates of LR, GBC, DT, KNN,midbrain height, PMA: pontomesencephalic angle, TTSD: tectum and
LDA, NBC, RFC, SVM, XGB algorithms were 0.¥0.2, tegmentum sagittal diameter, TTTD: tectum and tegmentum transverse
diameter, LPCSD: left pedunculus cerebri sagittal diameter, RPCSD: right

0.6740.1,0.580.1, 0.680.1, 0'7&0';'" 0.7%0.1,0.760.1, pedunculus cerebri sagittal diameter, LPCTD: left pedunculus cerebri
0.70£0.1,0.7@0.2, 0.680.1, respectively (Table Ill and IV). transverse diameter, RPCTD: right pedunculus cerebri transverse diameter.

Table lll. Tenfold results of LR, GBC, DT, KNN, LDA, NBC, RFC, SVM, XGB algorithms (%).

LR GBC DT KNN LDA NBC RFC SVM XGB
1 058 0.58 0.40 0.63 058 053 0.55 055 055
2 040 045 045 0.65 043 048 043 040 045
3 0.63 0.70 0.60 0.75 0.63 0.73 0.73 0.68 0.63
4 0.75 0.75 0.60 0.65 0.73 0.75 0.78 0.75 0.60
5 058 0.70 0.55 0.63 0.60 0.65 0.70 0.68 0.73
6 0.75 0.60 0.68 0.70 0.75 0.75 0.68 0.65 0.68
7 0.75 0.68 0.63 0.63 0.75 0.70 0.78 0.80 0.78
8 0.73 0.68 058 0.65 0.73 0.78 0.75 0.75 0.73
9 093 0.73 048 0.70 0.90 0.85 0.75 0.90 0.83
10 0.88 0.88 0.85 0.80 0.88 0.88 0.90 093 093

0.70+0.2 067+0.1 0.58+0.1 0.68+0.1 0.70+0.1 0.71+0.1 0.70+0.1 0.70+0.2 0.68+0.1

Logistic Regression Classifier (LRC), Gradient Boosting Classifier (GBC), Decision Tree Classifier (DTC), K-Nearest NefdtiNpr&icear
Discriminant Analysis (LDA), Random Forest Classifier (RFC), Naive Bayes Classifiers (NBC), XGBoost (XGB)
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Out of the algorithms, LRC 44 out of 23 men, 24 variables were analyzed as MPD, RPCTD, TSC, LPCTD, PMA,
out of 36 women; GBC 44 out of 30 men, 28 out of 36TP, RPCSD, TM, MBH, TTTD, LPCSD, TTSD and TMB
women; DTC 41 out of 16 men, 34 out of 39 women;respectively (Fig. 5).

KNN 41 out of 28 men, 33 out of 39 women; LDA 41
out of 32 men, 28 out of 39 women; NBC correctly g -
predicted 28 of 41 men, 31 of 39 women; XGB correct
predicted 30 of 41 men, 28 of 39 women; RFC correc
predicted 33 of 41 men, 30 of 39 women; SVM correct
predicted 27 of 41 men, 29 of 39 women (Fig. 3).

0.6 1
The AUC value of the Roc curve, which analyze
the model performances, was 0.80 for LR, 0.81 for GB g 4
0.72 for DTC, 0.84 for KNN, 0.80 for LDA, 0.78 for
NBC, 0.79 for RFC, and 0.81 for XGB (Fig. 4).

Logistic Regression, AUC=0.8055
Gradient Boosting, AUC=0.8149
Decision Tree, AUC=0.7214
K-Nearest Neighbors, AUC=0.8424

Linear Discriminant Analysis, AUC=0.8036
Random Forest, AUC=0.7974

Naive Bayes Classifiers, AUC=0.7886
XgBoost, AUC=0.8105

0.2 1

Shap analysis was performed to determine t
variable that is effective in the performance of the v 0.0 1
models. According to the Shap analysis, the MF 0.0 02 04 06 08 10
variable made the largest contribution to the performancerig. 4. ROC curve of LR, GBC, DT, KNN, LDA, NBC, RFC, SVM,
of the classification models. The contributions of the XGB algorithms.
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Fig. 3. CM table for LR, GBC, DT, KNN, LDA, NBC, RFC, SVM, and XGB algorithms. Logistic Regression Classifier
(LRC), Gradient Boosting Classifier (GBC), Decision Tree Classifier (DTC), K-Nearest Neighbors (KNN), Linear
Discriminant Analysis (LDA), Random Forest Classifier (RFC), Naive Bayes Classifiers (NBC), XGBoost (XGB),
CM (confusion matrix)
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Fig. 5. SHAP analysis results showing the contribution of variables to model performance.Thickness of midbrain (TMB),
thickness of pons (TP), thickness of medulla (TM), thickness of spinal cord (TSC), mamillopontine distance (MPD),
midbrain height (MBH), pontomesencephalic angle (PMA), tectum and tegmentum sagittal diameter (TTSD), tectum and
tegmentum transverse diameter (TTTD), right pedunculus cerebri sagittal diameter (RPCSD), left pedunculus cerebri sagittal
diameter (LPCSD), right pedunculus cerebri transverse diameter (RPCTD), left pedunculus cerebri transverse diameter
(LPCTD).

According to the statistical analysis, the mediaDISCUSSION
value of the age variable was found to be 38 in males and
37 in females (p=0.336). The mean and SD values of the  Sex-related differences are observed in the onset,
TM variable were found to be 132.31 and 1261.4 in  prevalence and manifestations of neurological and
men and women, respectively. As a result of the analysisuropsychiatric disorders. Interest in these variations has
for the TM variable, the difference between men anléd to an increasing number of studies examining the critical
women was statistically significant (p<.001). As a resuliffects of sex on brain architecture. The brain stem, which
of the analysis for the TSC variable, it was found to big connected to the cerebrum, cerebellum and spinal cord, is
8.1+0.9 in men and 7#1L.0 in women. The difference an important structure involved in the regulation of
between men and women for the TSC variable wasitonomic and cognitive processes and the transmission of
statistically significant (p<.001). The mean and standardotor and sensory information. In this context, in this study
deviation for the MPD variable was #B4 in men and which aims to predict sex with ML methods using normal
6.9+1.4 in women (p<.001). The median value of the MBRrainstem reference values on brain MRIs of the healthy
variable was found to be 13.6 in men and 13.0 in womearticipants aged between 25-55 years, the RFC algorithm
(p=0.002). Another variable for which the differencehad the highest ACC ratio of 0.79 and F1 score of 0.79. In
between sexes was statistically significant (p=0038) wasldition, the differences between the sexes were found to
TTSD, with a median value of 15.2 in men and 14.7 ibe significant in TM, TSC, TTSD, RPCSD and RPCTD
women. The median value for the TTTD variable wagariables.
found to be 18.5 in men and 18.0 in women (p<.001). The
difference between sexes was found to be statistically A review of the literature has shown that most of the
significant for the RPCSD variable, which was ¥3.B  brainstem morphometric studies are retrospective and cross-
in males and 14#81.9 in females (p<.001). LPCSD sectional, as is the case in the present study. In these studies,
variable was found as 1%¥.6 in males and 143.9 in measurements were made on brain MRIs. In this context, in
females (p<.001). RPCTD variable with a mean value af study examining the brainstem structure of healthy
14.6 in males and 13.3 in females was found to hedividuals to be used in the detection of neurodegenerative
statistically different between sexes (p<.001). The LPCTBiseases (Rajagoped al, 2021), the findings of TMD and
variable was found to be 1428.7 in men and 13#1.7 in TP variables were in relation to those of the current study.
women (p<.001). In another research investigating brainstem values in healthy
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and pathologic brains (Koehlet al, 1985), TMT, TP, TM in healthy adults, has revealed no differences between the
and TSC variables of the control group were found to tsexes or in the correlation of sex and age. This might be due
parallel to the related data of the present study. Moreovés,the presence of a sample group between the ages of 18-70
another paper on the brainstem-related values in healthwing in different populations, the limited number of people
adults reported the correlation between brainstem findingtudied, and different variables examined. It may also explain
and sex was not found to be an essential parameter ttre differences in the findings between this report and the
yielded statistically significant differences, while TM andcurrent study. Similarly, a report evaluating the differences
TP variables were found to have similar mean values, @ brain stem and cerebellum areas according to sex
compared to those of the present study. Furthermore, irfMurshedet al, 2003), has documented the brain stem area
study (Debnattet al, 2023) designed to provide referencdarger in men, just as the data of the present study. Likewise,
values for the brainstem at all ages in a healthy Indiamother research (Zhaegal, 2020), designed to examine
population, most of the findings were found to have highde structural and functional effects of sex differences in the
mean values in males. Among the study findings, MPD, TNbrain of healthy adults, has revealed sexual dimorphism in
TP, TMD and variables showed similar results with théhe brain lobes and cerebellum, emphasizing that the results
current study, while RPCSD and LPSCD variables we the study can explain sex-related behavioral differences.
lower. Likewise, another literature examining the effects dinother study (Mendest al., 2021) has focused on
aging and sex on the total volume of the brain and the volumpedicting sex, age and any, if there is, psychiatric disorder
of the brainstem, lateral ventricle and cerebellum in healtlout of the brain MRIs in children and adolescents using
Koreans (Leet al, 2009) showed a significant differenceconvolutional neural networks, which uses volume data of
in the volume of the midbrain, cerebellum and laterahe gray and white matter of the central nervous system to
ventricle between the younger and older groups. Like theain the neural network. This study has acquired a
present study, the findings related to brainstem sections weedisfactory result with sex accuracy between 85-89 %, just
higher in men. Parallel to the present study, in a study like the findings of the present study.
which the morphometry of the mesencephalon was examined
in a healthy adult Turkish population (Deratral.,, 2023), it A literature report investigating whether personality
was emphasized that there was a significant differenéerelated to sex differences in brain structure (Nostted,
between the variables and sex. When the findings of tf#917), has examined the correlation between personality
literature were examined, it was observed that the TTSBaits and gray matter in a healthy sample group. The results
TTTD, RPCSD, LPCSD, RPCTD, LPCTD variablesof the study, in line with the present study, have underlined
belonging to the mesencephalon were higher and the MRt sex has significantly influenced the outcome and this
variable was lower than the current study. It is thought to besult has been attributed to the differences in brain
because the unequal distribution of sexes in the study amganization and hormones. Another study searching for the
the wider range of age groups compared to the current studhanges in cortical morphometry and white matter structures
are among the main causes of this difference. of the brain in aging in reliance to the sex differences (Sang
et al, 2021), has reported volume decrease and the slope of
A research study (Ranganathal, 2022) using brain decrease affected by sex. Similarly, another study focusing
MR images to determine brainstem reference values andoto the sex-related changes in brain morphometry by
examine the correlation between sex and age in a healtiatculating gray matter volume in chronic stress (Shang
Indian population, has found that the TP, TM and MBHl., 2024), has found statistically significant differences
variables are parallel to the present study whereas the TNABtween male and female participants. Further research that
variable is higher. No significant correlation was observehs examined gray matter volumes regionally in middle-aged
between the study findings and sex. It is thought that thigalthy individuals (Chest al, 2007), after adjusting for
difference with the present study is due to the fact thage, years of education and total head volume, has reported
different populations and different age groups have be&arger brain volume and higher gray matter ratio in men.
studied. Another study evaluating the effect of age and s&€ke results of this literature have emphasized that sex
on the development of the pons in the pediatric populatiaifferences, independent of age, have an impact on certain
(Bayar Kapicet al, 2022) has reported significantly largercognitive functions and brain structure. Another literature
results in males for most of the variables. These resul{rennanet al, 2021) has contributed to this topic
parallel with the present study, have suggested that brainsterafoundly, which was designed to map differences in the
segments show sexual dimorphism starting from the pediatsitucture of the male and female brain during adolescence,
period. Another research (Hat al, 2024) designed to aimed to predict sex with a large dataset. At the end of the
evaluate age- and sex-related changes in the volumetstady, the classifier has been able to correctly predict sex
measurements of the brainstem and surface shape analysik a rate of 86 %, similar to the results of the current study.
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On the other hand, unlike the findings of the present studygdinculo cerebral derecho (RPCTD) y diametro transversal del
there have been literature reports indicating that the effégdinculo cerebral izquierdo (LPCTD). Se utilizaron los algoritmos
of sex on brain structures is not significant after certain ratig§ aprendizaje automatico (ML) de regresion logistica (LRC),
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. . . . . . vetinos mas cercanos (KNN), andlisis discriminante lineal (LDA),
expres_smg the braln SI.Ze of SUb]e(.:tS In question asD‘c:‘?sque aleatorio (RFC), clasificadores bayesianos ingenuos (NBC)
proportion of the brain size are not likely to be sexually

. - . XGBoost (XGB). RStudio se utilizé para el analisis estadistico.
dimorphic (Smitret al, 2007; Ranganatt al, 2022; Het g gigoritmo RFC mostré la mayor precision (ACC) de 0,79 y una
al., 2024). A study has investigated the effect of sex, ag@ntuacion F1 de 0,79. Segun el analisis de forma, el dimorfismo
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been calculated in the study. Sex differences have beE#C: TTSD, RPCSD y RPCTD. El estudio demuestra gue los
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t

. . . . . 0, : 3T .
brain ratio is concerned. This result has emphasized tﬂ % a partir de datos del tronco encefalico. Este regultado muestra
claramente el efecto del sexo en la morfometria del tronco

taking sex and age into account when evaluating braifl .c¢jico.

structures is necessary for an accurate reference value.

Similarly, in a further study examining the relationship PALABRAS CLAVE: Tronco encefalico; Morfologia
between age and sex and brain volume change in healtlyebral; Aprendizaje automatico; Dimorfismo sexual;
elderly people (Smitbt al,, 2007), it has been reported thaResonancia magnética.

volume decreases with age. The change in the data related

to sex has been found to be significant after proportions haR&FERENCES

been made (p<0.05).
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