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Finite element simulation of contact stress on a novel total knee

prosthesis during gait cycle
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Abstract; Objective To perform finite element analysis on a type of newly designed total knee prosthesis, and
investigate the influence from changing twist angle of the lateral condyle surface on mechanical environment of the
knee joint. Methods Based on CT measurement data from a volunteer, 3 artificial knee prostheses with the
same medial condyle were established. In Model 1, the twist angle of lateral condyle surface was 0°, while 10°
and 20° in Model 2 and Model 3, respectively. The prosthesis models were imported into finite element software
and applied with gait cycle data to simulate the motion of knee prosthesis during the gait cycle. The simulated
stress results in the knee joint were then compared with the calculated results, which were obtained from theoreti-
cal formula of contact mechanics. Results The maximum stress of 3 models appeared at 13% of the gait cycle,
when the axial force (2.6 kN) was also the maximum. The maximum stresses of medial and lateral condyle in
Model 1, Model 2 and Model 3 were 35.5 and 30.6 MPa, 38.4 and 32.6 MPa, 38.3 and 43.1 MPa, respectively.
The stress curves of Model 2 and Model 3 during the gait cycle were relatively smooth compared with those of
Model 1. The simulated stress trend was basically similar to the theoretical calculation, except at a few moments
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in the gait cycle. Conclusions The mechanical environment of the total knee prosthesis can be improved by twist
angle of the lateral condyle surface. This newly designed prosthesis can preserve implants from abrupt change of
the stress during the gait cycle and prolong the service life of prostheses.
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Fig.1 Geometric parameters on coronal and sagittal plane of

common knee prostheses



EREMAE $323% F6H 2017£128
496 Journal of Medical Biomechanics, Vol. 32 No. 6, Dec. 2017

IR 186 fh 2 9 HL 4% 3 HE AR TR, 3 24 0°,10°,20°
(3ol 4 R T 2 3) o A U IRy i e = A
B R BAAT BRTTR R NP 2 BT/ o WA T
BRI B R Bk 2 A, 72 UG o) I 3 57— X
T FR) 15 93 5 C MM B AR ALY, AR T 56 42
2y 40 mm SEEARTH 1 5P A2 22 mm

®1 AIREBRENMEGSH

Tab.1 Parameters of the femoral prosthesis model
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(b) Finite element model
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Fig.3 Motion and force of the knee during the gait cycle

(a) Flexion angle, (b) Anterior posterior (AP) displacement

of the tibia, (c¢) Tibial rotation angle, (d) Axial force
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Fig.4 Contact stress distributions on tibial bearing component of the knee model during a gait cycle

(c¢) 50% gait cycle
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Fig.5 Comparison of contact stress between the theoretical and simulation results

THI A BEANTR] , $ b (37 ARV 1) SN A 7 5[] 10, ey
THOMER AL A B 1 3 SR T R T 2 ) 1] AT
AR Bl A A A P 2 A L AR SR
P2 pEZ 10 AR 5)

(¢) 50% 7

(a) 2% gait cycle, (b) 20% gait cycle,

38.3 43.1 MPa, 5 Lee 25" %o 7 Ji 56 45 A A6 401 25
SART o o FE A A o Ak PR (AR 2L 0 5
L 4 i TR ARl R () R S
o R B AR AL (R R B Ak N7 T, R LA AR XS L
ik s Frs o

120 —— BRI R 20

100 —~ HBLR
. 80 60
o <
= 00 S
S 40 Y 2

20

0 0

0 10 20 30 40 50 60 70 80 0 20 40 60 80 100
LA/ % LA/ %

() LR 3 AhiR (d) 3 IR ER

(a) Lateral condyle of Model 1, (b) Lateral condyle of

Model 2, (c¢) Lateral condyle of Model 3, (d) Medial condyle surfaces of three models

IS W, BT 45 R 5 (1 LA RS T, 1

I 1 e fih 157 77 fhh 2 A4 A (R (H RC(E

PO AY 1 A9 SR i ThTHLES A 5 D 0°, Bere A A5 ad
i PP A A AR 1) Y SR AR AN TR, IV g ) A



EREMAE $323% F6H 2017£128
498 Journal of Medical Biomechanics, Vol. 32 No. 6, Dec. 2017

BT AR5 A R/ o AEREEY 2.3 o fly T 41
TR T ) AL | kA 20 2 I A R B R S
i Ff RE AR Ak, 2% 4 fioh 5 Ak Y il ARl 2 7 A AR A
X — 25 18 22 A 5 e S T A 2 Y e A2 A I [ £
FH AR 12 A 7 e S 45 fl AR 2L 7 (] ) 42 fk iz
FIEAAR HEAETY 1 B0 2%

3 iFig

N T AR, 8 B Ao 4 A A4 A
JeE P R 55, LA ARk B R 5 i) 4 R DG
FAARINK W EZRNER, & AR B RRA
ZHEAFROIGER LB EM T Ak
TG R E B 17 F G, [R Iz SR A (5, A
S 1 SO Ao 2 A ) B0 B A, 0 1T S B A
TR AR o AR —Fp i N T HEE
B TR T, 38 A AR fik X 2%k ol 5 T
AT I 2F I, I Ak ) e N TR A RN
I E

fdt RS G A= 1) 1 2R D R I O A T s
PRIMERZ K, ToIE AR AR Jn T3 2 AR 56 B A5 401
TR 5 R B R B AR T A PR T B B B
TRAFFR DX AN TR, [ N 1996 4F Ishikawa 25" fifi
FH 27 BTSRRI IR 2 et 8 A 2D A R v )
LA 7 LAk A BRIC  kh E 28 KN T A
TR BRI o A SO AR ARG 1Y
Mt T AR R B A BRTBL s B B2
fit A 57 14D 23R 24 A58 i IBCHR J2 3 o TSR AL A B S R
1o MRYREERTTLUIE 1, A BRTA D S fE v,
RATBAARRERY 2.3 1N ) AR A3 R 2%, {0 2 R B8
WA AT iR — e r 250, Hof B
U2 72035 40% 45% RE D) Ko isi A 3 FE 2038 5% |
35% A0% Qb IEBRAE R . 3 B i 22 BE A 5 DS T
JEAERAL A 3 JBCHE i T T 2R A e AR R L
AUE, WAELGE SRS B, %t Z R il T (%) 25 AT A sk
AN TR ol T, -GN ) AR L WA e R
R AIAR A, 422 i A 7 Bt AR R AR AL ik B s
O R E M 5 | IO T B s H

A BN T BRI T LT ARAE 4 745
T R AL R N T, 17 3 AT &R 1) 22 il K Sl AL R N
3D FTENF A A AR 3 N AR S5 M8 AR 6 &2 2% i 1o
ity E PRt T aTe . B 6 R St E R A

3D TEPHLTER BT BN TG AR 2

6 3D #TED A TR RARE
Fig.6 Total knee prosthesis by 3D printing
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