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Construction and Measurement of
Three-Dimensional Knee Joint Model of Koreans

Ki Bong Park, Ki Bum Kim, Kwon Son, Jeung Tak Suh and Byung Young Moon
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Abstract

It is necessary to have a model that describes the feature of the knee joint with a sufficient
accuracy. Koreans, however, do not have their own knee joint model to be used in the total knee
replacement arthroplasty. They have to use European or American models which do not match
Koreans. Three-dimensional visualization techniques are found to be useful in a wide range of medical
applications. Three-dimensional imaging studies such as CT{(computed tomography) and MRI(magnetic
resonance image) provide the primary source of patient-specific data. Three-dimensional knee joint
models were constructed by image processing of the CT data of 10 subjects. Using the constructed
model, the dimensions of Korean knee joint were measured. And this study proposed a three-
dimensional model and data, which can be helpful to develop Korean knee implants and to analyze
knee joint movements.

1. M B go] WY A% AR} Aol L BA}
A

AAAN 2 B FuAG 2 A ¢ AR QoM F5 e} wde] & Fg

S3 @7 kAol Q7 EE o A A s} = AT AYEE AHSEte BEe AFstn A

£dl shjolth. & B sFoz 8 Ay & e AF B @2l HEdnt 4T

A WYy 39, U84 22 A2 WA AT BE A#ded 5] AWM 5 R 2

23 Felda $o dgo 23 wad 24gs Bl UL, AW, A W) $Fol e

71 4ty =8 RE Alny AXxd 9@ o4 AF #AE AYo) sttt AF AL #E

02 B2 A 252 Aojstm e dvle b gAY 2e £5E I BHY

gd &gl wARAE SO B2 @ad 2 7S FE3 dAE £ Qe 49T B 4

. 7t 2 g st}

t AQAA, A4, BAtgE 7| ATEHY NE F @ B8 R B2 289 die 2

E-mail : kson@pusan.ac.kr Ax Fadth Ae $o 84 58 BT

TEL : (051)510-2308 FAX : (051)512-9835 2R ANz9 Sz AT AEE =g 4
*oRddsn 7AEA T Qo 4P & Ao}t BE 239 —E—*—'}%‘i\
ToRAddsha QR ohuel 49 Aulg dekstu thyd B B

T A, wudsa 33eFEas Hg 9 349 2AS AT Agdoldol B




o] A-g-=t}
AFNA FF #Ed B} A7
3] A=At Wismans 5P
Y X 2Re FEsta, Y i
NEHol AL st zZF BRZG oM AE
e Ty Ad X, ddg A, ZF ARE
A A 5 Wste] it AFE VY3
th AN FZ29 &F s #IF HAEHR JdF
of &3 Kurosawa SPL AA] 2 o] &35}
gAsla, &5 ZAd M= dEHE FA4
-9 3E 24z wtgo] o FHo ZAekL, 1
THe] HAezry AFYUL AT TE AY
&o) 2o}A Essinger TWE& AT SRS
2d8s FFHstm, 2z AF #A

JERA T Mitsumasa £0& 3
< ?%5}—’ o] rd& Ol%fﬂ'oﬂ

SR ELE
78 Bae
789 2%

ML
U=

22 e o

O =
e

o
o

oy o © g

Ho FE
F o 40

ol
B oX

oxl
ox
Hl

of ¥

= 3
T=

f‘lgiﬂom% FatAct Siu 5@
2 AEgolMol AEHE dHE @
Fstgieh.

Ao tg AFolM Seiiete) 2%
8 #4299l ol
F2 7L diez 7
9’)1\];]_‘(7) o] ndae /u/\.\,}o]u}
4 T2

<]
i,
g
.&:_,
zJ.
E
o}L
!-
14
Hzl
r_l..
\I
N
Y
™
(R
ol >

oo 2 o o
e
e

oft
ox
e
ot
o

il ro

W = o
) el

e
L
o

to 1 o rr o= o Ju I
o poi
oy o
N
A
b o
o

7Z1&d P& BB o]
=Me] A7xd Az
zﬂg—oi,}q _,4_3.\_4 ]
o 2 ol wEe Ao
2 83 9& o]

EQ
=)
oM o2 fr

e

[\*]
_>,L
ol -
o>
o
R

X B

Gora AReolEe 7
2g 219 o140
Ad g rde
N Nz ARRE 243

94 A 339 ol Hx FF vl 9
A& Fig. 19l JeEAh ¥z go] TE B
HE& =ZA £7/)S(patella), W E F(femur), FEA

Z(articular cartilage), ¥+¥4 4 F(meniscus), Bl
(fibula), 74 E(tibia)Z o|Fo{Zr}.

2

Q% AgddA 9

[\S]

—_
R
>

Rl
n

e M, 2

tlo wo

‘

I f
o &
v
o
' :‘\ﬂ
o
mim
.CL
°lr>
3{_14

2 o
rio,
o

to rlr J&

3
H

ft
3
©
o
i
e
1
S
£
o

o e rr oX

e o2
M oox oL of

=8

CT, MRI, ¥} Atz 28 2314
2 3zl Zae gAEy] AsME 2
% Al F3E& AAk Fot. 334

38171

ot
& o

.}‘j_ll
M
i)
o
rlo
re
2
@]
—
ol
ox
e rr ko oox fo hu

e s patstia ....%
/”{—— fomur \_/4

Y

articular cartiage

gt —— - meniscus
ey “~ collaterat tigsmente =,
. hhulﬂ

L pbla

Fig. 1 Structure of knee joint



1666 wrle - A71d - &

d 97 gEolt}, F&8 &34 xo|Z
2L £33 2 AANIY £38 &34 ¥4
AlA 32k g4ez doF sk ulA
1 B AL EMo) ol3t Hd
71E SAE AZh

22 B&bel ozl

of gL EA} WAL 2
F FE ol JAEW &3 I
o] AAHA ARE A = T
A9 A= ASdTh

£ ATAAE T2 B2 299 T 9NN
me geee 22a7l s olds PEg A
ST A8F 839 252 AHAE 4 We

CT B5E Yolof gth. & Ho F5 BEFH
£ 25 mm 7222 4IPS u CTIHLL 100
Fol g7 yid #3 Al Fe Ao 22
"o 2dez Aoz 4 dFo] AL F
A dolyds= dA By dEe A Hof
o g 239 Ha3E 98 FLRSITh Fig 2
of o]73 ¢ M A4F Fo CT 4L
RISt Fig. 29 ¥AE R olde I8 A
2 FFZdqx AALH.

_\:

A% Ago) B Eejd Qe aFAe
229 o 9 dojn &AL mMe gzw
ohjet 24, Ad), 2P W W FEF

g REE B0 BF F&dT o] AHS
weo] &g AYstu BWQTF FE &
AASAY FAHr ot &F2 2ZF A ﬁlOl
HEZ dase] eonz FAHA HAA F4
FL 7tAL7 WEe FAHAZAPAE BE A
o] utgth F&d £FHL £ Fdo] AA
A dolee 5 ZAAUY. H deoly 7t
P24 gae AUdgAn g AT A
2] Al H2sle] o] Hr| wjFojrt
AFNA &3 2L A dolg 9 3
i~ %\‘01 Ay AL A $A 20,000707F d= o
A7t AA @ BFEH AzQezE= AYst €7
8 :LEM A diole $£& ZxANATF
Ao EHo] AMEI} HE REo] oA FA
o] Pojdtt AN EF F& F IE A
ojo &g RES AA F "oy F4 Fi
Aoz Ag FA4 A4FT BES4HT & CH
A FAZLYL Pt 2de AVE Fol7

—() uﬂf

JH

- AR - £

Fig. 4 Three-dimensional image from Rhino

A8 CTE £ 4FAE 1 A FHE 71EL
2 FFA4L 559 4FH =g Hol ZF HH
3 9 ZH g4 A50] F£AHE Jste FPYE F
Pt ZAYA ALES wH Fe 71,7247,
A dolg & 23,172707F AR E Ak

Fig. 3& %24 &34d +#4& & ago|th
SAEe BEF A4S ASn dgET WY
xolZ RES Mﬂﬂlﬂ, o] BAE F
A A dHolg9 F7y HA9 olFoz HA)
el &%e P4t

24 3% ©@o =Y H4Y

Fig. 49| RhinoolA F&% 32kl RdE& et
At Ax CT 344 zzte o‘k}'a FEa
FRo] gadd F4L AFZA77] A% AH
Ay g PIoh Acigd Hde a1 A=
A % o] B oluA mHYolr] WE
d Aty & Aol 75 Peo RLFE A
ANtk B dAFdAE A8 A FeHe g
¥hoz Y&Ho| shEsta YA Aol Hs

22 4ol At 7§ Rhino 3D T2



#2937

2349 A dolHg olgsd 7EE A
W49 29 2 Wb $7b dHF Yol

BE 7000718 dojdch o] AL A H A4
z2aRdA A7t B A= A
ety 2 dFdMEe B2 49 d4a X5}
folata, 32y FFAA FY FHol Holvt
o, A7 &x7} #wE Rhino T2IRE
o £A4% YPalgo Bo U £x9 &3
AAAAE Y8 HAA FE TH BdA &AZ
eI, 239 48 -E-—"/]?‘f}"q uz A F
o £AHE& it o] Aoz Hello] AR
WatA] ool AUiE g MEgE U
2 dpoAe EAdE Hd AGLateA Al
T 10919 & FE FH CTARE o] &3d
Z4& B HE o
gAdol 290l oA

oft
oo Mo
o
)
[
=
+ R
L
\I
o
ata
lo
,—‘1

FA s g ¥ cTAHEE Ao
g2 Ao s 97 wid 22 A
280 AN B4 BIAY F2 3
2 @37 98 daree AFL =y
o] U= AEol tiEtd RhinodlA A

g o|E3dted =3d Y& AAFFAT. Fig
S FriEla #ddont HIgA #2E FHE

of O 30

L
[—J

31 HES 8 £F

A BE A7 FLAL ms] dlEFANA
3% A J1FE Hgsmn, g4 JiEL 2
T g EA%YG A5 54 F uEE AA
FA4L A7) &l A& A F 24 HE 9
x AZE &9Y39d. 82 FEZS Rhinodl
)]

dEs dA FHor F3bevh olu zHzhe]

A& dololz FE& A& M vast A
Betes Wo.

Fig. 691 4l 714 574 %98 Uehisch o
HEe Y SARA A A A5 923
Eol(LH), WZ3e Fo|(MH), 2851 ¥Z3}e]
Futgo 2 FEH F9Q 7§ 7l(intercondylar

rie
-
H
uc)
’d
-
K
)
ofk
o%
A
ol

1667

e
/ T (/\
A /
I (=21 — st
g i ~
P L /, N ,_14.»1
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Fig. 7 2-D image of viewed tibia
and measured standard

Fig. 8 2-D image of viewed patella
and measured standard
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Table 1 Shape dimensions of right femur

S Age |Statue|Weight Size(mm) Ratio

> ovo lem | ey [ W [ LH | MH [LE/W[ME/W
M | 78 | 173 | 675 | 55,89 | 7286|7199 085 | 084
F | 73 | 155 | 45 |71.08 5873|5175 082 | 081
F | 60 | 156 | 60 | 7257|6260 6L02] 086 | 084
F | 65 | 155 | 62 | 7300|6366 |5958] 0.87 | 082
F | 71 | 154 | 64 |7540|6334]6269] 084 | 083
F | 68 | 15 | 70 | 7575|6472 6135 0.8 | 081
F_| 70 | 153 | 66 |70.77 | 5853|5867 0.83 | 083
M | 69 | 175 | 70 |846967.39 6476 080 | 0.76
F | 69 | 15 | 635 | 7685|6390 5727 | 083 | 075
F | 72 | 150 | 46 |69 53885861 | 0.77 | 0.84

Table 2 Average dimensions of right femur (mm)

Sex Age
Female Male 60-69 70-79

W | 75561564 | 73.12+2.64 | 85.2910.85 | 76.57+4.88(74.5416.72
LH | 62.9615.19 | 61.17£3.76 | 70.13+3.87 |64.45£1.81|61.47+7.19
MH | 61.37+4.39 | 53.62+1.90 | 68.3815.14 |60.8012.74|61.94+5.94

Total

Table 3 Comparison of femur dimensions

W(mm) | LH(mm) [ MH(mm) | LH/W | MH/W

Real 68414.3]60.814.0 | 59.0+4.7 | 0.89£0.06 [0.86£0.07
Radiological {77.6+4.2( 61.3£5.3 | 60.3+5.3 | 0.79%0.06 |0.78+0.07
3D model [756%5.6(63.0£5.2 | 614144 | 0.8310.03 |0.81£0.03

Table 4 Real dimensions of right femur

W{mm) | LH(mm) [MH(mm)| LH/W | MH/W

Female |67.7£3.6]60.3£3.7 | 585%4.5 | 0.89+0.06 [0.87£0.07
Male 76.1%45|66.3+3.2 [ 64.2%3.9 | 0.87+0.05 | 0.85+0.07
60-69  168.414.1/60.914.0 [ 59.414.4 | 0.89+0.06 |0.87£0.07
70-79  1688+4.3| 61.9+3.5 | 59.9+36 | 0.90£0.06 |0.87+0.05
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Table 5 Shape dimensions of right tibia

Sex Age | Statue {Weight Size(mm)
Y1) | (em) | (kg) W LH MH
M 78 173 675 83.12 4913 63.65
F 73 155 45 69.03 34.29 50.09
F 60 156 60 78.38 4461 52.41
F 65 155 62 7051 36.05 50.21
F 71 154 64 79.65 4427 58.64
F 68 156 70 77.30 48.85 55.68
F 70 153 66 70.68 40.24 53.11
M 69 175 70 83.29 44.82 56.43
F 69 156 63.5 71.88 54.43 52.05
F 72 150 46 55.06 43.16 52.05

Table 6 Average dimensions of right tibla (mm)

A MAe -

39

Table 7 Shape dimensions of right patella

o] ABE Statue| Weight Size ()
| lem) | kel | W | H [PT|{T1|T2|T3]| t

M| 78 | 173 | 675 [52.83[45.00]28.12]24.75|25.45 (25121347
Fl73] 15 [ 45 [4117|3750]23.49]21.76]21.42 | 2061 [ 1267
Fl60| 156 | 60 [44.30]40.00{24.98]18.11]18.14(20.08]|11.72
Fl65{ 155 | 62 |[4447|3875|27.35/20.5¢(21.23(24.83]13.81
Fl7n!l 154 | 64 [4584|4375|2896|23.30]{242112379]12.75
Fl68 | 156 | 70 [4651[4250]27.30|23.06]22.64]{2369[11.48
Fl70] 153 | 66 [43.7314250]|28.85]21.65|2247]24.47]11.68
M|69 ] 175 | 70 [51.24|50.00|3163]24.27|23.08]26.08|14.27
F|69 | 156 | 635 [45.08]4250|28.01(21.06|2252{24.77]11.72
Fl72] 15 | 46 140.76]36.25]22.93]20.84|20.48(21.00{10.15

Table 8 Average dimensions of right patella

Total Female 58 Male 60-69 e 70-79
W | 7389845 | 715627.80 | 83.21£0.12 | 76274518 | 715111094
LH | 43996.07 | 43.24£655 | 46.98+3.05 | 45.7526.73 | 42.22%5.47
MH | 5443$424 |53.03+2.86 | 60.0425.11 | 53362261 | 55512555

AGE(80-69) AGE(T0

MALE

Fig. 13 Sexual, age difference
in tibia dimensions
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Age 60-69 | 46.32£2.88 | 42.75+4.37 | 22.27+2.38 | 12.60£1.33
70-79 | 44.87£4.90 | 41.00£3.89 | 22.76+1.77 | 12.14+1.28
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