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Abstract : Forensic anthropological identification based on human bones is generally conducted in cases where
skeletal remains are discovered, such as in large-scale disasters, wars, and archaeological excavations. The most
commonly used bones for sex estimation are the skull and pelvis, but when these bones are damaged or fragmented,
making estimation difficult, there is a growing need for research on other bones that can be used as substitutes. This
paper focuses on the patella, which is dense and resistant to postmortem changes. Among a total of 181 CT data
sets of Korean bodies, the patellae of 158 individuals (aged 18 to 78) excluding those who had undergone surgery,
children, and those with deformities were reconstructed into 3D images using Mimics. To accurately label the
landmarks on the 3D model, reference planes were created for the sagittal, coronal, and transverse planes, and eight
landmarks were generated. Based on the landmarks, we measured the size of the patella (patella width, patella height,
patella thickness) and the articular surface (articular surface height, PS-PRI height, distal pole height, medial facet
height, lateral facet height) and performed statistical analysis. Descriptive statistics, univariate discriminant analysis,
and stepwise discriminant analysis were performed, and direct discriminant analysis was performed by selecting
three items (height, width, and depth) that constitute the size of the patella. The descriptive statistics showed that
there was a significant difference in the measured values of the patella between men and women. The univariate
discriminant analysis showed that height (77.2%) and width (77.2%) had the highest classification results, and the
stepwise discriminant analysis also selected the equation consisting of height and width, showing a classification
result of 78.5%. Finally, direct analysis of the height, width, and depth of the patella showed a classification result of
78.5%. These results confirm that sex estimation using the patella is meaningful for Koreans and will be helpful in
the field of forensic anthropology in the future.
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1. ASH

1) F-Em o] $134: Patella Superior (PS)
*rffmﬂ-—] o}2i4: Patella Inferior (PI)
3) 5w o] QFZA: Patella Medial (PM)
4) 2w o] 71&4: Patella Lateral (PL)
5) -5 9] 9F4: Patella Anterior (PA)
6) =1 9] 514 Patella Posterior (PP)
7) F-2m 54 9] $174: Patella Ridge Superior (PRS)
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Fig. 1. Three-dimensional model of the patella. (A) Measurements related to the width of the patella. (B) Measurements related to the
height of the patella. (C) Measurements related to the thickness of the patella. (D) Reference plane of the patella.

8) F-=m 541 9] o}2h3: Patella Ridge Inferior (PRI)

FEW | PAo] Eqf2lste] RE FEMES YT 91X
of AEg A= A7 sl o BEAHES o838l A
(sagittal), ¥4 (coronal), =3 (transverse) 'HOZ 2 o]
g 710l 2 4= e 715 BHS AT WA PM,
PL, PIE EX|5to] IIHE AU T2 & o]of 4=
A3t PSE Auhs AlHe A s PRIS
AL BT Aol 28HA ARt

2. A= =

1) FEw Z o)1 ¥] (Patella width)

PMO 2HE PLE A= A 7HX] ] 423 A

2) &5 Zdj=0| (Patella height)

PSERE PIE AUt HH Ato]9] 3] A7

3) & 2| ) 57 (Patella thickness)

PAZRE PPE ALt A Ato]<] 4% Ae)
4) THHSA=0] (Ridge height)

PRSZ3E] PRIZ A1 43 Aole] 51| Ae)
5) FEW - F- 554 ol A 0] (PS-PRI height)

PSZE] PRIZ Atk 43 Ajo]] 47 Az
6) H&=r=0](Distal pole height)

PRIZ3# PIS uHe 45 Ajo]e] 43 712)
7) PETEHZ 1 8] (Medial facet width)

PMOZ 3| PRIZ ALl AR 5271
8) 7I2H}E A F o 4| (Lateral facet width)

PL2RE| PRIZ AL AFR7IA S 5272

3R mdly o|u|RE Bl Y2 AE3EHE SPSS version
25.0 (SPSS InC., IBM, Chicago, IL, USA) BEA Z209S
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Table 1. Interclass correlation coefficient (ICC) of inter-and intra-
observer reliability in all measurements

Inter-observer Intra-observer

Variables

ICC p-value ICcC p-value
Patella width L 10 <0.001 1.0 <0.001
Patella height L 10 <0.001 1.0 <0.001
Patella thickness L 1.0 <0.001 1.0 <0.001
Ridge height L 1.0 <0.001 1.0 <0.001
PS-PRI height L 1.0 <0.001 1.0 <0.001
Distal pole height L 1.0 <0.001 1.0 <0.001
Medial facet width L 1.0 <0.001 1.0 <0.001
Lateral facet width L 1.0 <0.001 10 <0.001
Patella width R 1.0 <0.001 1.0 <0.001
Patella height R 1.0 <0.001 1.0 <0.001
Patella thickness R 1.0 <0.001 1.0 <0.001
Ridge height R 1.0 <0.001 1.0 <0.001
PS-PRI height R 1.0 <0.001 1.0 <0.001
Distal pole height R 1.0 <0.001 1.0 <0.001
Medial facet width R 1.0 <0.001 1.0 <0.001
Lateral facet width R 1.0 <0.001 1.0 <0.001

22 F Y WP ASsiglen 2 X709 ol
O 2 Ugith HAghe LEF AEZ AU H](0.90), F
72 225 £S5 H](1.00) 5T
71eTAE Sl £ 158 (43 797, 94 79%)S Wt
22 AE3Z 2470 g F AA o] ol et {3t
2tol7} 9l AL SHIFTH(Table 2). A HEA=0], PS-
PRI 0|, #&=%0], RE{RBAHI ||, 715 HA
HH| &} Zro] Ao siFsts ASAENAE 4FL &
EF bl FY3F Aol (p<0.05)F Hole As FIstGint
(Table 3).
FEWo AAHQ 2715 At FEEH], =0l F

Table 2. Descriptive statics of patella by sex (The unit of length
component: mm)

Male Female
Variables (N=179) (N=179) p-value
Mean SD Mean SD
Patella width L 470 3.1 420 3.1 <0.001
Patella height L 436 30 39.1 2.7 <0.001
Patella thickness L 238 1.9 21.8 1.7 <0.001
Ridge height L 25.8 3.1 239 24 <0.001
PS-PRI height L 283 29 262 24 <0.001
Distal pole height L 152 28 12.9 25 <0001
Medial facet width L 19.5 2.1 17.2 2.1 <0.001
Lateral facet width L 27.5 2.5 24.8 2.1 <0.001
Patella width R 47.1 30 419 30 <0.001
Patella height R 433 33 392 27 <0.001
Patella thickness R 239 2.0 21.7 1.7  <0.001
Ridge height R 263 29 241 22 <0.001
PS-PRI height R 287 28 264 22 <0.001
Distal pole height R 146 29 128 24 <0.001
Medial facet width R~ 20.1 1.8 176 22 <0.001
Lateral facet width R~ 27.1 22 243 21 <0.001
Table 3. Paired sample t-test result of patella
Variables Mean SD p-value
Patella width 00 13 0.99
Patella height 0.1 1.5 0.33
Patella thickness 0.0 1.0 0.81
Ridge height -04 1.8 0.01
PS-PRI height -03 1.9 0.04
Distal pole height 04 20 0.01
Medial facet width -0.5 1.6 <0.001
Lateral facet width 0.5 1.8 <0.001
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Table 4. Univariate discriminant function analysis using 3-dimensional images of patella

Accuracy (%)
s Samlrdred B Wik Comed o S gty
Males Females Pooled Yalidated
Patella width L 1 09 0.6 0.3 —145 0.8 759 78.5 772 772
Patella height L 1 04 0.6 04 —14.7 0.8 747 79.7 772 772
Patella thickness L 1 04 0.8 0.6 -129 0.6 722 74.7 734 72.8
Ridge height L 1 00 0.9 04 -90 04 582 64.6 614 614
PS-PRI height L 1 0.1 0.9 04 -10.2 04 60.8 68.4 64.6 64.6
Distal pole height L 1 0.2 0.8 04 -53 04 65.8 65.8 65.8 65.8
Medial facet width L 1 1.0 0.8 0.5 -8.8 0.6 67.1 70.9 69.0 69.0
Lateral facet width L 1 0.2 0.7 04 -114 0.6 78.5 759 77.2 77.2
Patella width R 1 1.0 0.6 0.3 -149 09 78.5 79.7 79.1 79.1
Patella height R 1 0.0 0.7 0.3 -13.7 0.7 74.7 835 79.1 79.1
Patella thickness R 1 0.1 0.7 0.5 -122 0.6 67.1 734 70.3 70.3
Ridge height R 1 0.0 0.8 04 -99 04 64.6 68.4 66.5 66.5
PS-PRI height R 1 0.0 0.8 04 -109 0.5 633 65.8 64.6 64.6
Distal pole height R 1 0.1 09 04 —-52 0.3 60.8 65.8 63.3 63.3
Medial facet width R 1 0.1 0.7 0.5 -93 0.6 722 734 72.8 72.8
Lateral facet width R 1 0.5 0.7 0.5 -120 0.7 747 70.9 72.8 722

Table 5. Stepwise, Direct function analysis using 3-dimensional images of patella

Accuracy (%)
Functions Standardized Box-M  Wilk’s  Canonical Constant Sectioning Original
coefficient test ~Lambda correlation point & Cross-
Males Females Pooled Validated

1. Left Patella - Stepwise

Patella width L 0.6 0.8 0.6 02 —-158 09 759 81.0 78.5 78.5

Patella height L 0.5 02
2. Right patella - Stepwise

Patella width R 1.0 1.0 0.6 03 - 149 0.9 78.5 79.7 79.1 79.1
3. Left Patella - Direct

Patella width L 0.6 0.8 0.6 0.2 -163 09 759 81.0 78.5 78.5

Patella height L 04 0.2

Patella thickness L 0.1 0.1
4. Right Patella - Direct

Patella width R 0.8 0.1 0.6 0.3 -159 0.9 772 81.0 79.1 79.1

Patella height R 0.2 0.1

A A2 Z3jo|7} YA, L2 o] BHHHS -",U\ discriminant analysis)3t A3} FS# 2|tz o} F-Sw 2

3t FEE A9 23jo|7t Q7] o] g%} o0& a7t A&} 2 2HA BF 7P w2 AU EE B
FEME LR FHE 7 W2 7kEste] 47 L%ﬂv‘i—*——l \Il LEL FEMY AAET H w2 AdE HATH(Table
At ). =W YeEiE AAshs F8 84 37 (], ho}

87} 4% Bl thste] 212 Guie BEEA (Univariate %711]) FolAE Uuleh Eol7t ¥e 25 =S By



178  O|X[&, HIXi, 2S5, O|@E, 0|19

theo 2 A o] 37HA] ASXE AQdd ASA S
A AE/7IERERF YR o 272 gl 22 %=
£ 23
2478 g5 m5o tiste] TAA EEA (Stepwise dis-
criminant analysis)& 283t 23} A& Hu|e} Fo|7} X
AE A0] 185%% 7MY & ERATE B, LEELS
vugt 239 2j0] 79.1%2 7HE &2 ERAIE HYct
(Table 5).
o2 FEwo JHE FAsk= HHl, o], 7 37}
A Mg AN A FY (Direct) WAl o2 HERARE
A, &L 78.5%, LEZL 79.1%9 EFANE EYch
(Table 5).

i

L

2 APelHE PEW ASgE Bedtel JEL 33t
YA AASHAI, ST chis B de] uet
Hul7k A R 71 Sl wad e 2T 5 919l
o ohg? 712 AT ENNE HHle P4 g RuS 7t
A7 ehigolut thig Bk A3 BE TE: 3
24 HAT  UA71N11.3.4.68.14.17-19], FE A
Hulzkd we] Fadh daehs £ A7 Akt 9

re
:
aln
1o
re

2% 2% A Table 6).

o ae A7 20 B o, A9 SUT APHE
Hol AFHTE QAT £ AT Zuels tha e
S7h 3 o] Ego] Bk A0 AAE ATHRE 9l
STk A, B7), oleh, A0l AE Ao A9, S
wlo] 2o ul7h 4 ghel that Aol 28 g0z
ANE A AT 5 YL, ThAe A= Hojuulel
Aol 49 4 Bo] fESIH: 22 ¥ 4 99
T} 259, ohelAA nlel, gReS tho R ¢ 9
Tol A AR, 54 o] gt PREE i Hewst
o guoz mgEo] 9y e, AT ko] YoIA
= A 7o) A Aol 7t & 4+ e A AlARRIT

Nagarjuna (2021) [19]+= 9= & gite =z REWME
gote] A S AFstA=d], EolstA o] Aol

£ dFolA ARE FEM S o), FART ol T} &

B2 Boid Eak ASo] At B 2] Byl
Wa‘ﬂw 97.94%, A AE 98.35%2 w9 2 &

£ v B E¥Holeke 54 Fo] o
4 2 I8 §2 Bl A kel e 3=
HEYEE BT AL 328 REolth Fudos
Fael o) TLee<zols>4 A7 2010 HER 22w A7

O

i ool mE o olr _IIN'
l° b oox flo m A:
rE kal

¢

-

Table 6. Comparing the accuracy of patella sex determination in different populations

Accuracy (%)

N
(Male/Female)

SAP
(Surface area of

Patella
thickness

Patella

Patella

Population

Authors (year)

Stepwise analysis

he articular part)

width

height

79.1 (Patella width)

79.1 734

79.1

158 (79/79)
113 (57/56)

Korean

This study (2025)

91.2 743

894

Iranian

M. Akhlaghi et al. (2010)

89.0 (Patella height, Patella width)

86.5 790

84.5

220 (110/110)
161 (79/82)

Turkish
Iranian

Yasar Teke et al. (2018)

85.7 (Patella height, Patella width)

84.5 65.8

752

Rahmani et al. (2020)
Indra et al. (2021)
K. Sakaue (2008)

85.5 (Patella height, Patella width)

81.2 62.8

825

234 (117/117)

Swiss

85.0 (Patella height, Patella width)

283 (183/100)
106 (55/51)

Japanese

83.8 (Patella width, Medial facet width)

Spanish

T. R. Peckmann et al. (2016)

84.5 (Patella thickness, Patella width, Ridge height)

200 (100/100)

American

African
Thai

T. R. Peckmann et al. (2018)

85.2 (Patella height, Patella width, Lateral facet width, Medial facet width)

254 (134/120)
50 (25/25)

H. Chompoophuen et al.(2024)
K, Nagarjuna et al.(2021)

91.6

93.1 90.8

979

Indian
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