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Development of an Artificial Intelligence Prototype for Sex Classification
Using Lateral Skull Computed Tomography (CT) Images Focused on
Supraorbital Ridge and Nuchal Crest in The Thai Population
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Abstract

Background: The study of the human skull plays a crudal role in forensic science, particularly in cases where
only partial remains, such as cranial fragments, are recovered. Challenges often arise from
environmental conditions, time constraints, and religious considerations. Recently, the application of
artificial intelligence (Al), espedially deep leaming algorithms, has shown promise in supporting sex
estimation from cranial morphology with high accuracy.

Objective: This study aimed to develop a prototype Al model for sex dassification using lateral cranial
computed tomography (CT) images, with a focus on two anatomical landmarks: the supraorbital ridge
and the nuchal crest, spedifically within the Thai population.

Material and methods: A total of 190 lateral skull CT images were collected, divided into 150 training
samples and 40 test samples. The Roboflow 3.0 Object Detection (Accurate) model, a deep Leaming
architecture (YOLOv8-compatible) was used to train two Al models: one with data augmentation and
one without. Model performance was evaluated using mAP@50, precision, and recall metrics. In
addition, results were compared with sex estimation accuracy derived from conventional
anthropometric parameters: Maximum Cranial Length (MCL) and Lambbda-opisthion Chord (OCC).

Results: The augmented model achieved a higher precision (98.1%) and recall (99.9%) compared to the
non-augmented model, while both models yielded an identical mMAP@50 of 99.5%. In the unknown
dataset, the augmented model successfully detected 39 out of 40 cases, with high confidence scores,
particularly in male subjects (up to 95%). In contrast, traditional anthropometric methods based on
MCL and OCC measurements yielded lower accuracy at 76.31% and 52.65%, respectively.

Conclusion: The Al model developed in this study demonstrated high accuracy and stability in sex
estimation from lateral skull images, espedially when enhanced by data augmentation. This approach
shows significant potential for application in forensic science, particularly within Thai forensic contexts
where limited biological samples and time constraints are often encountered.

Keywords: Artificial Intelligcence, Sex Classification, CT image, Supraorbital Ridge, Nuchal crest
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, . 99.5 98.1 99.9
(with augmentation)
Leadilylasunisiiudeya
, . 99.5 97.8 99.6
(without augmentation)
NISNATIUAIIUUUEITENTIIAURUY ANULANATaLuUlumuALATOUARY
JgyrUszhvgivarinisifivnesiu P93n13M5299unazAIAudulalunis
#1819 Unknow Munelne wlvisaeslainadzaiunse
nsnageulunansaesguluuiv MSIVTUAIUNUIVBINTEANHUAD
Tayayalvdldinegnldlunisindy wu (Supraorbital ridge) wazdunszanvinenay
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(Nuchal Crest) lanssauidavune ue
luinadiiiunisiindeya (with
augmentation) T¥nan1sns9duLay
yhunefiaseunauannnit Tasasiaduuas
Munenadnsa 39 @dleeg1g 91 40
Freg1s Tunaesiiunis vauziilunad
Lildrunisiindeya (without
augmentation) A5I9duLazYIIUIENala
e 36 A29879 Tusunus Nuchal crest
wag 39 Ae819luALRULS Supraorbital
ridge

uonanil Tuwaiiiunadindeya
(with augmentation) @14150M5999U
fumiswasnsegnduiuasdunszgniing
voglauduguazasaunguuInnil logl
Armusiula (confidence score) qﬂuﬁ'&
FoE9LNANENR (confidential ratio: Sovay
69 - 94) wagtnAYe (confidential ratio:
fawaz 79 - 95) lummssiudnu lumad
Lildsruntsiiindeya (without
augmentation) LAASHANIATITTUTIT AN
wiugtesnInlunwengsian confidential
ratio: S08az 68 — 89 uay LWATIYNAT
confidential ratio: $peay 50 — 87

1NN1TANYINADINITATIAIU
(bounding box) voslunafinauni iy
Jayansounquiuniadimiielaegng
Faaunaziades v flunadildldfiy
Toyaudnsradulaluvarensal sy
fulafleuiuriuunnndt wagluuiansd
Tiaruiulaluszdudnileseuiiou
(il 3)

nadwidaziouliifiuin nnsiiy
toyaviglilunaiiniuaiunsalunis
ATIIULALYITUILLNAINATLAUIN 1IN
Annalinsounquuaziaiosuiniy an
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Tonmaiansdilumaldauisaldnans
unela
dlewseufisuussaniainves
TunailygdsgAuvgfuamsimesild
1NN TIAFIUAUILAZATUIUA UGN TN
N18301A AI8I5N1TILATIERLUY
Discriminant analysis UY9IA1LNULIA 2
ALY A8 Maximum cranial length
(MCL) wag Lambda-opisthion chord
(0CO) (57491 3) dteUszAfiuAuanLnse
Tunsduunmaangdumisnsegndumi
wazdunsegniignasluninienyise
poNfimesYRINEINanAseEAIud1991n
AN Unknow 91121 40 #9814 lagnsiu
adosduaguda wiandu masis 20
FIDENT WAZLWNAN 20 A8
dmsuiumianasgndum (1319
i 4) laafidunisifindeya (with
augmentation) %A1 sensitivity Sovag
90.00 specificity So8ay 94.74 uay
accuracy Soraz 92.31 vauzilunadilyle
Lﬁm%’aaﬂamm sensitivity So8ay 73.68
specificity Fovay 80.00 uag accuracy
76.76% drupnisifiwesiildainnisia
NNYINALARNT sensitivity $o8az 63.33
specificity Fovay 90.00 Lag accuracy
fovay 76.31 Jeuansliifiuinluing
YyauUsehvg ﬁﬁwuﬂmﬂ'm%mﬂammsa
FUNNALARIUEILAZATOUARUUINNTT
AN dtnes Tavtanisluniu
ANENNTlUAIIATIATU (sensitivity)
LagANMNNYNABY (accuracy)
ludiuvesdunsegniinenae
(113199 4) Tupaifindeyalian
sensitivity $98az 93.75 specificity $ou
8y 82.61 WAy accuracy $ouag 88.33 @lu
Tunaitlsllfifndoyalvia sensitivity $oe
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az 88.24 specificity $ovaz 100uag
accuracy $98ag 93.96 A1UATNIIIHLADS
19iAn sensitivity Soay 52.00 specificity
Jeuaz 53.33 Wag accuracy 3e8ag 52.65
nadnsananuanddiiiui wilunad
Lailssinunisiiiudoya azloien specificity
3¢ uslilefinNsans Ay sensitivity uay
PPV/NPV ud Tumafiifiadosauansaina
aunauazAuaunsalunisnsiadula
An31 luaegfianisifmesidesiin

Fatauluniuaiuly (sensitivity) wag

AINYNABY (accuracy)
ediasasdve 2 Tuiaa

Hyardszdvg wud Tumadiiiunisidiu

Toya (with augmentation) dUszAnNSamN

'
a

Tneswdnilumailaldrunisifindeya
(without augmentation) Tunanefdie
felusumiansegniufnardunszgn
eney

lunanruwmeatiansiiudaya (With Augmentation)

———

fognanangani Ty seRugyinungliiweanda

shogranAenUyyssAvirhuwsliwayie

Tunanlaildrinumaiianmaiiadoya (Without Augmentation)

fognanang sy seiuginunegliwanda

fegnmamentygrussivgiunsldiwayie

(%

AN 3 AogaNan1svndsu validated data lagldtyanusshvgie 2 luna

<3
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A15197 3 ATIATIERIILUN (Discriminant Analysis) fe3SLuURSe (Direct Method)

Canonical

Functions at

Classification Function

Correctly classified (%)

Parameter Wilks' discriminant  Group Centroids®  Coefficients®
Lambda function
coefficients? Female Male Female Male Female Male Overall
MCL 0.603 0.179 -0.806 0.806 5314 5.601 80.0 78.7 79.3
(constant) (-30.568) (-443.579)  (-492.838)
OCC 0.969 0.170 -0.179  0.179 2.848 2.909 65.3 60.0 62.7
(constant) (-16.939) (-141.149)  (-147.216)
a: mé’uﬂizam‘éﬁlﬁmmgm (Unstandardized coefficients),
b: lefduduundeussvingniilidinnsgu Seszidurifidindevesusiagngy Unstandardized
canonical discriminant functions evaluated at group means),
¢ MIAFUTMUNLTUEUVDINYLYDS (Fisher’s linear discriminant functions)
A58 4 amTIReisdinfieUsedulsyavsnneeduea
g‘lJLL‘U‘U Sensitivity Specificity  Positive Negative  Accuracy
Predictive  Predictive *)
Value (*)  Value (¥)
n3Qn Imt@aﬁchu Value 90.00% 94.74% 94.74% 89.99% 92.31%
fun  madiudeya  95%  6830%-  73.97%  72.68%  7061%-  79.13%
Cl 98.77% 99.87% 99.19% 97.11% 98.38%
Iumaﬁhj‘lﬁ Value 73.68% 80.00% 79.53% 74.25% 76.76%
Nﬂumil:ﬁil 95% 48.80%- 56.34%- 60.83%- 56.84%- 60.49%-
%’ayja Cl 90.85% 94.27% 90.67% 86.33% 88.75%
Amnsdmes  Value 63.33% 90.00% 86.97% 69.95% 76.31%
95% 43.86%- 55.50%- 50.48%- 58.21%- 60.24%-
Cl 80.07% 99.75% 97.76% 79.56% 88.29%
fu Iumaﬁmu Value 93.75% 82.61% 85.04% 92.61% 88.33%
nIzan mﬂﬁu%’ayja 95% 69.77%- 61.22%- 69.80%- 65.06%- 73.99%-
e (@ 99.84% 95.05% 93.32% 98.83% 96.36%
noy  Tuweadilild  Vvalue  88.24% 100.00%  100.00%  88.97% 93.96%
BhumiL‘ﬁﬁ.l 95% 63.56%- 82.35%- 78.20%- 68.68%- 80.66%-
%’ayja cl 98.54% 100.00% 100.00% 96.74% 99.16%
Amnsdwes  Value 52.00% 53.33% 54.02% 51.31% 52.65%
95% 31.31%- 26.59%- 37.80%- 36.07%-- 36.27%-
cl 72.20% 78.73% 69.43% 66.32% 68.62%

* SaUarANYNVRINENUTEYINT (% disease prevalence): Sosay 51.32

91



UNANIY

[TUH Journal online Volume 11 No.1 January — April 2026]

aAUseuarasUNan1IIde

[

nsAnwItgududsfneninuey
Jyg1useivg laeld Roboflow 3.0
Object Detection (Accurate) \Juluina
fugrulunsimsghuasSuundnvos
lassasnanzluanAsweannnInasvg
nswnnd ulfegnngldvedninvesvuinyn
Foyafidrinniesinramarnvanedidady
guassainuldvesluudunuesnsidems
TAnemansuaznIsnng

Asnaasdlunsednuin nnsld
wadlansifindeya (data augmentation)
dsnaliluinaauisadinAinnuuaugd
(precision) KAEANEITALUAIINTIATU
(recal) Ioenefifedndry dadieusiulng
Fllldldmatiadanan unafldsunisidiu
oyauansliifiudsszdnsnmiimilendn
lunsesadulassadmeniginialeniy
LU mz@ﬂé’uﬁa (Supraorbital ridge) tay
dunszgnyingmos (Nuchal crest) lapeng
ATBUAgULAZLILENINTY Tnslawzly
#1unia Nuchal crest auslunafilyle
runsLiiadeyaazliian Specificity g9 wi
AT ULAEYINUNENALATEY 36 A0
40 AW ﬁamaiﬁﬂ%mmﬁﬁayjamﬁumﬁ
funaraiRanas wasfiuaudesonis
AnenaneLAR DL

NANITNAREILA LA N13ld
data augmentation funumdAglunis
finUszavsnmuadliag Tnsamzlus
ﬁﬁﬁaﬁﬁmﬁmﬁmawﬁa;ﬂa Feaanndo
funurufoamluiinisifiudoya (data
augmentation) gniunldifieiiiy
auatusalunisisoufidenaly
(generalizability) wagtigussin1Ugnn
n1sguduniiuly (overfitting) M#

92

uaziilefnudneninvestlynusziugly
N1ILATITRANEULONTLTIADUNILADS
yeanslnandsweirudrafioniuioina
Tneduiilassadianisniedniaianis
Toun ﬂis@uﬂﬁuéa (Supraorbital ridge)
wazdunszaninevnes (Nuchal crest) B
A1991ANAN1TITETANINISAIUIMRIN
ANIsITimesuazaIuIuITeneuntid
Jonldardfanreanzlvandsve 19
Maximum Cranial Length (MCL) wag
Lambda-opisthion chord (OCC) GRe
nnglranfseslnenIamnsoanAInene
LNYLTIARUNILABS 31NN1SIUTBULBU
Wud1 TRl MCL waz 0cC s
wUsuanau1saviunenalalusyau
accuracy Usvanafesay 80-91 Jufiy

5,14-17] Iﬂaaﬁlﬂ

Uszrnswazisnisild |
NNSANWINBUNRUINUITAINLLUE Ty
Usgwnsinelagldsiumis MCL ogil o8
az 90.60 Tuvmefieudy q luuszwns
AneUsemaild OCC w3e linear cranial
measures lNallug1Soay 70-85 1416
uiie accuracy avegluszAuiilndiAssiu
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finlianunsaesuawsmalunisdndulalea
w3 nsildlunisineail dadunns
n5193UT01 (Object Detection) Lilosey
frundelassadianieniednind
ANIZLA1999 @519NTEUIUNISAT ALY
lUssla (Transparency) wag @111980
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(Bounding box) yilsigidewaysiudd
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nMsfinadnsues Al arunsaniuasulng
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ogadwiensairsnmdede Laziiiu
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