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A Total Knee Arthroplasty Simulation Using 3D Medical Images.
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ABSTRACT

An orthopedic surgeon normally gets the operational parameters of total knee arthroplasty from medical images(CT, MRI).
Anatomical axis, mechanical axis, the width and height of femur, or tibia are the most important parameters related with
accomplishment of TKA. This paper presents a methodology of simulation that virtually operates TKA according to 2D
medical images. Using this simulator, some important parameters for operation can be achieved before hand. The simulator
provides the 3D computational mode! of a knee joint and then derives the proper size of implant corresponding to the joint.
The whole process of TKA can be simulated such as clipping a knee joint, assembling the joint and its implants, visualizing
all the operation steps, deriving some crucial parameters such as anatomical axis and cutting thickness, and predicting the
result of TKA. Some examples are given and discussed to validate the methodolz)gy.
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Fig. 1 Knee joint after total knee arthroplasty
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Fig. 3 The schematic diagram of knee

joint
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Fig. 4 Parameters of knee joint (a) femur and

(b) tibia

Fig. S Parameters of implant
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3.2.2 Cutting thickness
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Table 1 Femoral implant Table 2 Tibial implant

specification specification
Size M-L A-P Size M-L A-P

1 60 mm | 48 mm 1 61 mm 42 mm

2 65 mm | 52 mm 2 65 mm 45 mm

3 67mm | 56 mm 3 70 mm 48 mm

4 69 mm | 59 mm 4 75 mm 51T mm

Fig. 7 Balancing the posterior cruciate ligament : a) 5 73mm | 63 mm 5 80mm | 55mm
cutting angle 0 ° , b) cutting angle 5 6 78mm | 68 mm 6 85mm | 58 mm

7 83mm | 73 mm 7 9t mm 61 mm
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4.1 Implementation
7H4F 4 simulation & gx%
o}, Fd Ao} 5= Visual C++ MFC &
\/TKE ol&ste] 7L aiich
= 3D visualization & 3§ ol2] 7}A4] library
s vk V|2 FHOR C+d 0]‘1‘5}0% 7
T2 ael7] WiEe] ZjE2Hd Gul E AlE
]
]

Aol 4 7@
NEEE

5

o

22

VTK
A

#
(o]

)
A

T3 OpenGL & wig oz 5o A7

9] Tz ooy §EEollA] zEe

VTKE g. 8 7 @& Fxo dlole] A 3/}
A 2

i,{llHoH

o

lo _,VL Mo K oE m{m
aolblé_%k

4.2 Example

71&2]  dsgdAg
segmentation surface rendering & F3F93 STL file
format Hlo]E] &3 }2, knee joint = 3 Y I
oz TH3 ) Fig. 10 & 256 by 256, 18 slices =
Eato] Aol A& olth Fig. 10 7 #o] FeneE
ZAst71 Bolg wWH SqA £ 3 2 d4E B
oZoh Hus 44
gt} ztE TeEtvEl s
505

Z2a8s AHEsky

o

_9,

ol A measurement tool
g 9 + Qu, A5

= ©ve T
anatomical axis ¢ mechanical axis 5 2} JJ(
5% 4 Atk Fig. N & £323 Q
< 32y YAskg Fojrt *V’ﬁ}ﬂ
£8Re AFse] F29 A0s

=
e

/\
El__

4>Lml>£-{>°%°

fm)‘. OH

HE
vl B3 Q)
p=4
3
(<]

0(

Ao rL =2
1

o

34

. 2B

=S}

dFedE T8

f 54

SEEEE

simulation & ¢3! framework & A}

Slmulanon & =F9 3 A 93E A
2oz wold 4 ok By opiel Tz
2 58 T J}E}UIHE AR 2ol o ?

H7) olW@ AH wF Hs) 2 F
Sl e e ANE B9 Aed 2ada
A3 =g .L}F,}D]Eia HEg el T8
Aok 2 AFeME @A ClEg FalA
ANsget del A A9 $Ed0lng

Fotel setnig g MAdE & Jde AR
710]1:} a7l s e o

%3}o] data base 7} T

2o} 5

s

o
zo

mﬂ

H
T
o3 O
M=

Pt
B

901

e

« e e S, R s R s & B85 R s
Fig. 11 Visualization of tibial Component, femoral
component, PE insert
2 Jbsshd F9 24 Yne 212 P
Yk AT £FL T AGH BAL A
= soft tissue ¥ T2 FF Hgto]l 2 7R

=3

A T2aBL )& £L interface o HF
e g AlgS N Folv, =% o g2
Lo} wol e ofg £ ATIRLY 49 A4F
I e AdE dFetvlgd diE] A7 ALg A

g3tz 9

%7
B AT Her)eRdA Agw duegr]r)

UM AHY T = 87T
d Ao Adoer FPLS

-l% 7]€7H

m

ra

IR

1. Nofrini L., La Palombara F., Marcacci M., Martelli S.,
BHanning of Total Knee Athroplasty:
Analysis of the Critical Paramenters Influencing the
Implant? Proc. Of World Congress on Medical

facono F,

Physics and Biomedical Engineering, WE-CXH-
107 ,July 23-28, 2000 Chicago (USA).
2. H. Croitoru, M. Sc., R. E. Prihar, C. F. Small,

4l omputer Assisted Distal Radius Osteotomy? The
Journal of Hand Surgery, Volume 28, Issue 6, Pages
951-958 G. Athwal.

3. Leo A. Whiteside, M.D., B}rofix : Total Knee System?
Smith & Nephew. Inc., 1998.

M.D.. 2CS Total Knee

System? Cruciate Substituting Procedure, Johnson &

4. Chitranjan S. Ranawat,



10.

Johnson Orthopedic, 1998.

HAY, AdFBE} FE7IE? Journal of the
Korean Society of Precision Engineering, Vol. 17, No.
11. November 2000.

oI, BER, AEY, HAY, Yimulator B ©]
23 AFTERE PEW q=HET U L F
A1 H-A2 ) Boimed. Eng. Res : Vol. 24, No. 4, 2003.
S. Martelli, L. Nofrini, P. Vendruscolo, A. Visani, "
Criteria of interface design and evaluation for
computer assisted surgery systems"”, International
Journal of Medical Informatics, Vol. 72, No 1-3, 35-45,
December 2003.

Benjamin J. Fregly %three Dimensional Compliant
Contact Model for Dynamic Simulation of Total Knee
Athroplastys? Depart of Aerospace, Mechanics, and
Engineering Science University of Florida, 1999.
Fregly, B J; Sawyer, W G; Banks, S A, Blredicted

-Sensitivity of Knee Implant Wear to Insert Thickness

and Body Mass? 50™ Annual Meeting of the
Orthopaedic Research Society, Poster No. 1465, 2004.
Lisa S. Avila, Sebastien Barre, Rusty Blue, Berk
Geveci, Amy Henderson, William A. Hoffman, Brad
King, C. Charles Law, Kenneth M. Martin, William J.
Schroeder, ®TK UserZ Guide?  Kitware,
http://www.kitware.com, 2004.

902



