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SUMMARY: Sex estimation is a fundamental task in biological anthropology; however, most previous studies rely on skeletal
collections or radiological data. This study is distinctive in its use of cephalometric measurements collected from liidnglsth
develop a population-specific sex estimation model based solely on head dimensions in a contemporary Turkish cohortadtis appro
offers a soft-tissue-based, population-specific model that may be useful in certain forensic screenings or clinical aothapicgtions
where skeletal data or imaging are not available. Although advanced imaging technologies such as CT and 3D scanning have become
increasingly popular for metric analysis, they are often inaccessible in many contexts. Fourteen standardized cephalsunetriemegea
were taken from a total of 244 adult individuals (128 males, 116 females). Both univariate and multivariate logistic regvdetson
were constructed to evaluate sex estimation accuracy, while Receiver Operating Characteristic (ROC) analysis was useddelassess
performance and identify optimal classification thresholds. The final multivariate model, which included maximum headdtedadth,
facial height, maximum head length, head circumference, nasal aperture breadth, and bigonial breadth, achieved anifivatialh class
accuracy of 89.8 %, with a sensitivity of 89.84 %, specificity of 93.10 %, and an AUC of 0.965. These results demonstoatg the s
discriminative power of the model and highlight the effectiveness of integrating cephalometric data with logistic rege$¥@@ an
analysis. By establishing population-specific threshold values, this study offers a robust and replicable framework ifoater est
applicable in both forensic and archaeological contexts. The findings also emphasize the value of accessible and costtftettive
particularly for use in resource-limited environments. Further research with larger and more diverse samples is encalidaied to v
and broaden the applicability of these standards.

KEY WORDS: Sex estimation; Cephalometric measurements; Turkish population; ROC analysis; Logistic regression;
Anthropometry.

INTRODUCTION

Understanding cranial morphometric variation acrogsieasurements along with statistical analyses to classify
human populations remains a key focus in biologicahdividuals based on patterns of sexual dimorphism.
anthropology. Various methods are employed for seitowever, these metric approaches are not without
estimation in paleoanthropological research. In cases whéiraitations. For instance, population diversity can reduce
the postcranial skeleton is incomplete or absent—such asieasurement accuracy, while conservation-related issues can
forensic or archaeological remains—the skull often servésrther complicate reliability in paleoanthropological
as the primary anatomical basis for biological profilingcontexts. Considering these limitations, cephalometric
Morphological assessments involve the visual evaluation ofeasurements should be applied cautiously and preferably
sexually dimorphic traits of the skull. Although subjectivein conjunction with advanced statistical techniques for sex
these methods are widely used due to their simplicity amdtimation. This study aims to address this practical challenge
ease of application. Metric approaches are commonly developing population-specific standards for sex
employed to quantify these differences using statisticaktimation based on cephalometric measurements from a
models that offer more objective means of sex classificati@ontemporary Turkish sample. It investigates whether
(Gonzalezt al, 2011). These methods utilize caliper-baserktliable sex estimation can be achieved using only
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cephalometric measurements, particularly in casiaedividuals. This methodological shift is particularly relevant
involving skeletal remains where postcraniah contexts where imaging resources are limited and direct
elements are missing. By applying logistighysical measurement remains the only feasible alternative.
regression and Receiver Operating CharacterisBg generating robust, accessible, and replicable standards,
(ROC) analys to 14 cephalic dimensions, this studythis research addresses a critical gap in both forensic and
evaluates the discriminative power of both individual andioarchaeological practice and provides a practical
combined variables, and establishes robust cut-off thresholdkernative to imaging-based approaches.
The results contribute to the development of accessible and
statistically sound tools for sex estimation in bioarchaeolodyATERIAL AND METHOD
and forensic anthropology, particularly in resource-
constrained or fragmentary contexts. This study utilized a dataset consisting of craniofacial
measurements collected from a sample of individuals with
Receiver Operating Characteristic (ROC) analysis haarying ages and sexes. Measurements were conducted on
emerged as a powerful statistical tool for evaluating th&udents and staff from various regions of Turkey who were
performance of classification models in sex estimatiostudying or working at Kirs,ehir Ahi Evran University at
studies. It offers a comprehensive measure of diagnostie time of data collection. A total of 244 individuals
accuracy by analyzing the trade-off between sensitivity aqdrticipated in the study, including 128 males and 116
specificity (Metz, 1978). This method enhances reliabilitfemales. Ethical approval was obtained from Ahi Evran
in forensic and bioarchaeological applications by enablingniversity Ethics Committee in accordance with the
researchers to determine optimal classification thresholgsinciples of the Declaration of Helsinki (2023-14/91). The
When integrated with logistic regression, ROC analysiataset included biometric measurements such as maximum
contributes to improved prediction accuracy and enhandesad length (MCL), maximum head breadth (MCB), bigonial
the generalizability of classification models across differeftreadth (BGB), bizygomatic breadth (BZB), minimum
populations. frontal breadth (MFB), total facial height (TFH), upper facial
height (UFH), nasal aperture height (NAH), nasal aperture
The aim of this study was to statistically analyzéreadth (NAB), and head circumference (HC). All
cephalometric measurements obtained from livinheasurements were recorded in millimeters (mm) using
individuals and to develop sex estimation standards thetandard anthropometric instruments. Derived indices—
reflect cephalic morphological variation. Fourteenncluding the cephalic index, total facial index, and nasal
cephalometric variables were included in the analysis. Tlagerture index—were calculated from the primary
study also aimed to assess the effectiveness of ROC analys&sasurements to facilitate comparative analysis. All
for sex estimation using these variables and to compameasurements were collected in accordance with established
different statistical models in determining optimaknthropometric protocols to ensure measurement accuracy
classification thresholds. In addition to developing and consistency. Definitions of the measurements used are
predictive model based on a comprehensive set pfesented in Table I. Craniofacial anthropometric data were
cephalometric variables, the present study also aims dbtained using validated techniques and high-precision
explore whether a minimal set of skeletal-representativestruments, including a digital sliding caliper and a
measurements can be used to construct an alternative mageeading caliper, both calibrated to 0.01 mm (Mitutoyo
that may offer applicability in osteological contexts. ByCorp., Japan).
analyzing variables least influenced by soft tissue, such as
maximum head length, maximum head breadth, bigonial The participants were between 18 and 45 years of
breadth and bizygomatic breadth, this study providesaae. All data were anonymized, and ethical procedures were
preliminary assessment of their utility in dry skull-based sewllowed in compliance with institutional guidelines for
estimation. The findings are expected to contribute t@search involving human subjects. Statistical analyses were
forensic science and paleoanthropological research pgrformed to examine the distribution and interrelationships
improving methodological precision in sex estimatiommong the collected anthropometric parameters (Fig. 1).
practices. This study also lays the groundwork for future
research on cranial morphometric variation and the All statistical analyses were performed using the
development of population-specific paleoanthropologic&tatistical Package for the Social Sciences (SPSS, version
standards. 23.0; IBM Corp., Armonk, NY, USA). The normality of data
distribution for each variable was assessed both visually—
This study employs cephalometric measurements tsing histograms and Q-Q plots—and analytically via the
establish population-specific standards for TurkisKolmogorov-Smirnov test. Descriptive statistics, including
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Table I. Cephalometic measurements and indices: definitions and calculations.

Measuements Distance

Max. Head Lenght (MCL) Distance between glabella to opistirton (g-op)

Max. Head Beadth(MCB) Distance between euryon to euryon-g1)

Bigonia BreadthBGB) Distance between gonion to gonion (go-go)

Bizygomatic Breadtt{BZB) Distance between zygion to zygion {zy)

Min. Frontal Breadth (MFB) Distance between frontotemporale to frontotempor#fe (ft
Total Facial Heigh{TFH) Distance between gnathion to nasion (gn-n)

Upper Facial Height (UFH) Distance between prosthion to nasion (pr-n)

Nasal Aperture Breadth (NAB) Distance between alare to alaad)(al

Nasal Aperture Height (NAH) Distance between nasion to nasospinale (n-ns)

Head Circumference (HC) Distance between glabella to glabella via apisitian
Cephalic Index (Cl) (head breadth + head length) X 100

Total Facial Index (TFI) (toteflacial height + bizygomatic breadth) X 100

Nasal Aperture Index (NAI) (nasal aperture breadth + nasal aperture height) X 100

calculated and used as an additional model
selection criterion. Receiver Operating
Characteristic (ROC) analysis was applied to
assess the discriminative performance of
cephalic variables and the logistic regression
models in sex estimation. The Area Under the
ROC Curve (AUC) was calculated to quantify
model performance. AUC values were
interpreted as follows: 0.90-1.00 = excellent,
0.80-0.90 = good, 0.70-0.80 = fair, 0.60-0.70
= poor, and 0.50-0.60 = failure (Dirican,
2001). Optimal cut-off probabilities for each
logistic regressionmodel were determined
using the Youden Index, which maximizes the

|

Flg 1 Dlstrlbutlon of cephalometric measurements used in binary Ioglstlc regres§lombined value of sensitivity and specificity.

analysis. For each model iteration, sensitivity,
specificity, AUC values, and 95 % confidence
means and standard deviations, were computed for all intervals were reported.

variables. To explore sex-related differences in cephalometric

dimensions, independent samples t-tests were used RESULTS

normally distributed variables, while the Mann-Whitney U

test was applied for non-normally distributed variable®rimary Model Based on Full Cephalometric Dataset

These univariate comparisons were conducted for descriptive

purposes only and were not used for variable selection, in Logistic regression models for maximum head length,
order to avoid an inflated Type | error risk due to multiplenaximum head breadth, bigonial breadth, bizygomatic
comparisons. Binary logistic regression analysis was usbrkadth, minimum frontal breadth, total facial height, upper
to evaluate the association between cephalometrfacial height, nasal aperture height, nasal aperture breadth,
measurements and sex classification, with sex coded as lfead circumference, cephalic index, and nasal aperture index
dependent variable. Each variable was initially modele@vealed p-values less than 0.0001 for sex-based differences.
individually; subsequently, a forward stepwise approach waescriptive statistics for each parameter by sex, along with
applied to construct a multivariate logistic regression modegd-values, indicating their significance in the model, are
At each step, variable inclusion was determined based presented in Table 1. Male measurements were consistently
the Wald test, and statistically significant predictors wergigher than female measurements across almost all variables,
added sequentially. The classification accuracy of the modeiflecting expected sexual dimorphism in cephalic
was evaluated and recorded at each stage of modedrphology. Total facial index and cephalic index are not
development. To assess the relative quality of each regresdmmnd significant in the model (p>0,05) and exluded from
model, Akaike Information Criterion (AIC) values werefurther evaluation.
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As sex is a binary variable, logistic regression analysi&ble Ill. Sex classification accuracy and Akaike Information
was used to model its relationship with cephalic parametefgiterion (AIC) values for each logistic regression step.

Initially, each measurement was modeled individually; then, Female Male POverf:ll AlC
a stepwise approach was used to develop multivariafg?e|Dl ercentage
regression models. When these 14 measurements Wej&imum Head Breadth 784 %  85.2 % 82% 218

evaluated using forward logistic regression, the mod Itep2
incorporating six cephalometric variables was identified a§aximum Head Breadth

: . _ . 69 49 9 174
the most effective. Table Il presents the variables added &ttal Facial Height 836%  844% 84%
each step along with the corresponding sex classificatiagiep 3.
accuracies. Maximum Head Breadth
Total Facial Height 844% 898 % 87.3% 162

. . i Head Lenght
The model that included maximum head breadth, totMaX'mum ac -eng

. . . . e .
facial height, maximum head Igngt_h, head cwcumferencg,,azmum Head Breadth
nasal aperture breadth, and bigonial breadth achieved theal Facial Height 888%  89.1% 8899% 153
highest classification accuracy, with an overall accuracy dfaximum Head Lenght
0 0 0 &ead Circumference
89.8 %—88.8 % for females and 90.6 % for males. The e
fmdlngs suggest thgt _the multiple logistic regression mo_d%aximum read Breadth
improves sex prediction accuracy compared to univariatga Facial Height
. 1o 888%  90.6 % 89.8 %
models. Model selection was based not only on classificatiomeximum Head Lenght 140
accuracy and ROC performance but also on AIC valuegead Circumference
. . . Nasal Aperture Breadth
which penalize model complexity. AIC values decrease ep6
progressively with each additional variable, with the lowes{i,yimum Head Breadth
value (AIC = 137) observed at Step 6 (Table I1I), indicatingotal Facial Height
optimal model parsimony. Therefore, Step 6 was selectéﬂf‘xzjmg_m H??d Lenght 888%  90.6 % 89.8% 137
. : a Ircumfierence
as the final model, as it demonstrated thg best_ balanﬁ Sal Aperture Breadth
between explanatory power and complexity while als@jgonia Breadth

yielding the highest overall classification performance.

Table Il Descriptive statistics (mean, standard deviation) and p-values for cephalometric -~ The performance of each logistic
measurements by sex. regression model was further assessed

Female Male : : ; s

Mean Std Mean Std P values usmg ROC analY?ls.' This 3naly.SIS ):Ielded
Max. Head Lenght 18367 7.05 19249 750 0001 Sensitivity, specificity, and optimal cut-
Max. Head Beadth 152.04 522 160.67 5.86 0001 Off probabilities for each model (Table
Bigonial Breadth 10481 495 114.05 7.14 0001 IV). Among all models, Step 6
Bi_zygomatic Breadth 13496 493 14410 6.75 0001 demonstrated the highest AUC value
Min. Frontal Breadth 11085 4.98 11504 732 0001 (0. 965) and the best overall classification
Total Facial Height 11634 6.17 12401 735 0001 Thi del al hioved
Upper Facial Height 65.20 493 69.33 498 0001 Performance. 1his model aiso %C ieve
Nasal Aperture Height 50.96 5.11 52.79 3gs 0001 the highest sensitivity (89.84 %) and
Nasal Aperture Breadth 25.39 274 2863 285 0.001 specificity (93.10 %), indicating a strong
Head Circumference 544 56 15.08 568.85 16.44 0.001 capacity to accurately classify both male
$ept|16'1:hc ,'”Idle’; 2(23'22 ‘6‘-23 22-23 ‘5‘-3(25 g-(z)sl)g and female individuals. The narrow
otal Facial Index 3 . 3 . A . . H
Nasal Aperture Index 5028 738 54,63 756 000g confidence interval observed for this

model (0.945-0.985) underscores the
%pbustness and statistical reliability of its
".

Table IV. ROC analysis results including AUC, confidence intervals, sensitivi o
edictive performance.

specificity, and significance for each model.
AUROC

Sensitivity ~ Specificity

%) %95 confidence interval %) %) P These ROC results highlight the

Lower limit  Upper limit model’s strong diagnostic capability and

Step 1 0881 0,839 0,923 6641 87,93 000 confirm the advantage of combining
Step 2 0,934 0904 0963 8359 88,79 000 multiple cephalometric variables to
giggi g:gg 8:35; 8:3;2 g;zgg gg:;g :888 enhance classification accuracy. ROC
Step 5 0962 0941 0983 89,84 9138 oo curves for each model iteration are shown
Step 6 0,965 0,945 0985 89,84 93,10 000 in Figure 2. The curve corresponding to
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Step 6 exhibited the largest area under the curve and emergable V. Sex classification accuracy and Akaike Information
as the most discriminative model. The final model achievegriterion (AIC) values for the skeletal-variable model.

an overall classification accuracy of 89.8 %, with 89.84 % Female Male Overall  AIC
sensitivity and 93.10 % specificity. The area under the RQE Percentage
curve (AUC) was 0.965, indicating excellent discriminativg:,la)ﬂmum Fead Breadth 784 % 85.2 % 82 % 214
ability (Fig. 2).
Step 2.
e M Seer Taes ss9%  s24s 1T
; B Step 3.
or] [4] / st Maximum Head Breaﬂtth 16
= “B’:Es’gmglm&f;cﬂh'-eng 836% 859%  848%
= 0s
g Receiver Operating Characteristic (ROC) analysis
%ol was performed to assess the diagnostic capability of the
skeletal-variable model. The AUC values, confidence
intervals, sensitivity, and specificity for each step are
o provided in Table VI. The highest AUC (0.931) was observed
in Step 3, with corresponding sensitivity and specificity
N . . . ‘ values of 83.59 % and 89.65 %, respectively. The ROC curve
oo 02 :-‘ smm"::r 0@ 10 for this model, depicted in Figure 3, illustrates a consistent

Diaganal segments are produced by ties

increase in diagnostic accuracy across the model steps,
confirming the enhanced discriminative performance with

Fig. 2. Receiver Operating Characteristic (ROC) curve of the binafje inclusion of all three variables.

logistic regression model for sex estimation.

Auxiliary Model Using Skeletally Representative
Measurements

Table VI. ROC analysis results for the skeletal-variable model,
including AUC, confidence intervals, sensitivity, specificity, and
significance.

AUROC %95 confidence Sensitivity Specificity

To evaluate the discriminative power of (%) interval (%) (%) i
cephalometric variables least affected by soft tissue, a le?r Llji‘r)nﬁ’ter
secondary logistic regression model was constructed Usigg, 1 0gs1 0839 0923 8515 7844 000
maximum head breadth, maximum head length, and bigonigkp 2 0919 0887 0952 92.96 75 000
breadth. These three variables were selected based ontB&ip3 0931 0902 0961 83.59 89.65 ,000
minimal susceptibility to soft tissue distortion.

" ROC (?urve .
. . . = Source of the

Initially, four cranial measurements—maximum heau Curve
breadth, maximum head length, bigonial breadth, ar Sip2
bizygomatic breadth—were considered for inclusion in th — Rterencs L
model due to their proximity to bony landmarks. Howeve|
during the regression analysis, bizygomatic breadth w 5
excluded from the final model as its Wald statistic did nc 3
reach statistical significance. E

The classification accuracy of the secondary mod
across three logistic regression steps is presented in Ta
V. At Step 1, maximum head breadth alone yielded an over
classification accuracy of 82 %, with an AIC of 214. The
inclusion of maximum head length in Step 2 increased tl
accuracy to 82.4 %, and reduced the AIC to 177. In Step
the addition of bigonial breadth resulted in the highe:
classification accuracy for this model (84.8 %) and the lowe

0o

T T T
0o 02 04 (113 08 1.0
1 - Specificity
Diagonal segments are produced by ties.

Fig. 3. Receiver Operating Characteristic (ROC) curve of the

AIC value (169), indicating improved model performanceskeletal-representative binary logistic regression model.
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DISCUSSION a slightly higher accuracy (89.8 %) and AUC (0.965) using
six cephalometric variables obtained from living
Sex estimation is a fundamental component afdividuals. These differences may stem from the nature
forensic anthropology, paleoanthropology, andfthe measurements: CT-based skeletal data in Ekizoglu
bioarchaeology, playing a critical role in the identificatioret al, versus soft tissue-inclusive surface data in the current
of skeletal remains. In this study, logistic regression areudy. Furthermore, the use of ROC-AUC and AIC in the
ROC analysis were applied to assess the effectivenespafsent analysis may have enhanced model performance.
various cephalometric measurements in distinguishifgthough both studies utilize logistic regression
male and female individuals in a Turkish sample. Bframeworks on similar populations, the disparity in
integrating logistic regression with ROC analysis, thimeasurement techniques likely contributes to the observed
study provides a reference framework for sex estimatiodifferences. Therefore, while direct validation using CT-
particularly in archaeological populations wherdased datasets like Ekizoght al’s would strengthen
standardized osteometric data are limited. Logistigeneralizability, the methodological divergence currently
regression analysis identified maximum head breadth, toliahits such comparisons. Another comparable study by
facial height, maximum head length, head circumferenc€gkdemiret al (2021), utilized cranial CT scans of 616
nasal aperture breadth, and bigonial breadth as higflyrkish individuals to assess sex estimation based on
significant discriminative parameters. The finamorphometric parameters. Their most discriminative
multivariate model achieved an overall classificationariables were bizygomatic breadth, maximum cranial
accuracy of 89.8 %, sensitivity of 89.84 %, specificity ofength, and bimastoid diameter, with a triple-variable model
93.10 %, and an AUC of 0.965, demonstrating robustchieving an AUC of 0.942. Notably, while Cekdetir
discriminative power and statistical reliability. Theal. (2021) measurements were derived from high-resolution
univariate logistic regression models confirmed statisticallyostmortem CT scans, the current study used surface-level
significant sex differences (p<0.001) for nearly all cephalidata from living individuals, which may account for
variables, with the exception of the cephalic index and totdifferences in accuracy due to soft tissue influence. These
facial index. Male individuals consistently exhibited largemethodological distinctions highlight the potential value
measurements, reflecting known patterns of sexuafaccessible, population-specific protocols developed from
dimorphism. When cephalometric measurements wetl@ect anthropometry, especially in settings where advanced
entered into logistic regression stepwise, classificatiomaging or dry skeletal data are unavailable. Krargoti
accuracy increased from 82 % in the first step (using ordy. (2008), developed a sex estimation model based on 16
maximum head breadth) to 89.8 % by incorporating sixranial measurements from a contemporary Cretan
measurements. Additionally, a secondary model based jpopulation. Their stepwise discriminant function analysis
three skeletal-representative variables—maximum headhieved a maximum classification accuracy of 88.2 %
breadth, maximum head length, and bigonial breadthtsing five cranial dimensions, with bizygomatic breadth
achieved an accuracy of 84.8 % and an AUC of 0.93leing the most predictive single variable (accuracy: 82 %).
supporting its potential applicability in osteologicalFranklinet al (2013), examined cranial sexual dimorphism
contexts. These findings reinforce the value of multiple a contemporary Western Australian population using 3D
approaches in improving sex estimation accuracy. holume-rendered multi-slice CT data. They assessed 18
conclusion, probabilistic modeling approaches appear liaear cranial measurements and reported the highest
offer greater reliability and contextual robustness thaslassification accuracy (90.0 %) with a stepwise
univariate thresholds in both forensic and bioarchaeologiatkcriminant function including glabello-occipital length,
applications. These findings emphasize the necessity fygomatic breadth, and mastoid height, achieving an
developing population-specific standards for seAUC of 1.000 and a minimal sex bias2(2 %). Abdel
estimation, particularly in forensic applications wheré&atahet al. (2014), employed an advanced three-
reference data must accurately reflect the biologicdimensional morphometric approach to examine cranial
variation of the target population. sexual dimorphism using CT-derived models from 222
modern U.S. Whites. By constructing a statistical bone atlas
Several recent studies have highlighted the potent@ahd using automated landmarking, they achieved high
of cephalic dimensions for sex estimation in forensiclassification accuracies of 97.3 % with 11 variables and
contexts. A comparable study by Ekizogiual (2016), 95.5 % with only eight, primarily including bizygomatic
used CT-based cranial measurements in a modern Turkisbadth, cranial base length, and mastoid height. 8wift
population and achieved classification accuracies of 87ak (2022), developed cranial sex estimation standards for
% for females and 87.0 % for males with an AUC of 0.95the contemporary Australian population based on CT-
using four variables. In contrast, the present study attainéérived three-dimensional cranial measurements from 771
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individuals. Their most accurate multivariate modelCONCLUSION
employing 11 variables in a stepwise discriminant function
analysis, achieved a classification accuracy of 90.3 % with This pilot study demonstrates the effectiveness of
an AUC of 0.835. Absalagt al. (2023), examined cranial cephalometric measurements for sex estimation in a
sexual dimorphism in a southwestern Iranian populatiamontemporary Turkish population. Through logistic
using cephalometric MRI data from 163 individuals acrogegression and ROC analysis of data collected from living
two ethnic groups (Lur and Arab). Although significanindividuals, six key cephalometric variables were identified
sex-based differences were reported for nearly all cranighich, when combined, yielded high classification accuracy.
dimensions, the only variable that maintained predictivEhe final model attained 89.8 % classification accuracy with
value in logistic regression was the euryon-euryon (ean AUC of 0.965, confirming its strong discriminative
eu) distance, which also exhibited a low diagnostic poweapacity and statistical reliability. This study reveals
(AUC = 0.5977). Furthermore, Absalat al (2023) population-specific cephalometric measurements based
focused more on ethnic differentiation than on robust sexodel that may improve forensic and anthropological
estimation. Although imaging-based studies offer higimvestigations in Turkey.
precision, they require sophisticated equipment and trained
personnel, which may not be available in all forensic or Comparison with previous research confirms the
archaeological settings. consistency of the present findings with established studies
and underscores the need for population-specific standards.
Unlike most contemporary studies that usé&he results further emphasize the importance of developing
radiological or 3D imaging to derive cranial metrics, thipopulation-specific standards for forensic and anthropological
study provides a rare contribution by offering populatiorapplications, especially in contexts where direct cranial
specific standards based on measurements from livingeasurements from living individuals are available—such as
individuals. As demonstrated in this study, anthropometrin clinical anthropology or preliminary forensic screenings
methods enable accurate sex estimation using portable avdlving intact cadavers. Moreover, the cephalometric-based
cost-effective tools, thereby enhancing the methodmodel enhances the practical applicability of these findings
applicability in diverse practical settings. While the methofbr sex estimation in both bioarchaeological and forensic
provides a useful approximation of cephalic dimorphisroontexts involving Turkish individuals.
in living individuals, its applicability to forensic cases
involving skeletal remains is limited due to the influence In conclusion, the use of logistic regression combined
of soft tissue. However, some researchers have proposdath ROC analysis has proven to be a valuable
correction factors to adjust for soft tissue depth, recemtethodological approach in advancing more precise and
studies suggest that cranial dimensions are poor predictobgective techniques for forensic anthropological sex
of soft tissue thickness, and such corrections may introduestimation. As emphasized in prior research, integrating
further error instead of eliminating it (Simpson &comprehensive cephalometric datasets with advanced
Henneberg, 2002; Hona & Stephan, 2025). Since no dmodeling techniques holds considerable potential for
cranial data were available for the sampled individualsstablishing reliable, population-specific protocols, thereby
and given the questionable validity of generalizednhancing the evidentiary value of sex estimation in forensic
correction factors, no such adjustments were applied settings.
this study. Instead, to address this limitation, a secondary
model was constructed using cephalometric variables that  While this study offers valuable insights, it also
most closely reflect cranial morphology, enabling cautioushderscores the need for expanded research across diverse
application in osteological contexts where soft tissue pulation groups to enhance the universality and practical
absent but bony contours are preserved. Despite #gplicability of cephalometric-based sex estimation. Future
strengths, this study has several limitations that should seidies incorporating larger and more heterogeneous
acknowledged. The sample size and demographsamples, along with refined methodologies, may build upon
variability may influence the robustness of the establishéldese foundational findings to further improve the accuracy
classification thresholds. Future studies could address the§esteometric sex estimation. In addition, a secondary model
limitations and further enhance classification accuracincorporating three cranial measurements minimally affected
Moreover, integrating comprehensive cephalometrilny soft tissue was developed to offer a more osteologically
datasets with advanced modeling techniques holdgplicable alternative, achieving 84.8 % accuracy and an
significant potential for establishing reliable, populationAUC of 0.931. This skull-based, population-specific
specific protocols, thereby increasing the evidentiargpproach addresses a critical needsteological analysis
strength of sex estimation in forensic practice. where postcranial elements or advanced imaging are absent.
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. g . . thicknesses with craniometric dimensions improve craniofacial
poblacion, basado Unicamente en, las dimensiones de la Cabezfihentification estimates: Fact or fictiod? Forensic Sci., 70(230-
en una cohorte turca contemporanea. Este enfoque ofrece umns 025,
modelo poblacional basado en tejidos blandos que puede sergjtihioti, E. F.; Is,can, M. Y. & Michalodimitrakis, M. Craniometric analysis
en ciertas pruebas forenses o aplicaciones antropolégicas clinicasf the modern Cretan populatidforensic Sci. Int., 180(2-3)10.e1-
donde no se dispone de datos esqueléticos o imagenes. Si bien lefs 2008.
tecnologias de imagen avanzadas, como la tomograffitz C. E. Basic principles of ROC analysismin. Nucl. Med., 8(83-
computarizada y el escaneo 3D, se han vuelto cada vez mag’s: 1978.

P - . . impson, E. & Henneberg, M. Variation in soft-tissue thicknesses on the
populares para el analisis métrico, a menudo son |nacce3|ble§é?rfuman face and their relation to craniometric dimensims.J. Phys.

muchos contextos. Se tomaron catorce mediciones cefalométrica%mhropolq 118(2)121-33, 2002.
estandarizadas de un total de 244 individuos adultos (128 hombiggi, .. Obertova, Z.; Flavel, A.; Murray, K. & Franklin, D. Estimation
116 mujeres). Se construyeron modelos de regresion logisticaof sex from cranial measurements in an Australian populaiast. J.
univariados y multivariados para evaluar la precision de la Forensic Sci., 55(6]55-70, 2022.
estimacion del sexo, mientras que el andlisis de la Caracteristica

Operativa del Receptor (ROC) se utiliz6 para evaluar el

rendimiento del modelo e identificar los umbrales de clasificaci@orresponding author:

optimos. El modelo multivariado final, que incluy6 la anchurggrenkiir Alkan

maxima de la cabeza, la altura facial total, la longitud maxima g&rsehir Ahi Evran University

la cabeza, el perimetro cefalico, la anchura de la abertura nasph¥ulty of Arts and Sciences

la anchura bigonial, alcanz6 una precision de clasificacion gengnalpartment of Anthropology

del 89,8 %, con una sensibilidad del 89,84 %, una especificid@gsehir

del 93,10 % y un AUC de 0,965. Estos resultados demuestrammgRKEY

elevado poder discriminatorio del modelo y resaltan la eficacia

de laintegracion de datos cefalométricos con la regresion logisticanail: alkanyaren@gmail.com
y el andlisis ROC. Al establecer valores umbral especificos para

cada poblacién, este estudio ofrece un marco robusto y replicable

para la estimacion del sexo, aplicable tanto en contextos forenses

como arqueoldgicos. Los hallazgos también enfatizan el valor de

los métodos accesibles y rentables, especialmente para su uso en

entornos con recursos limitados. Se recomienda realizar

investigaciones con muestras mas amplias y diversas para validar

y ampliar la aplicabilidad de estos estandares.

PALABRAS CLAVE: Estimacion del sexo; Mediciones
cefalométricas; Poblacion turca; Andlisis ROC; Regresion
logistica; Antropometria.
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