EFAEYMAE %285 F4H 2013588
Journal of Medical Biomechanics, Vol. 28 No.4, Aug. 2013 397

N EYHS :1004-7220(2013)04-0397-06

KERFZBE T ST ERNIELIETRTTH

kakak', e &', Kk W', I &AM
(1. DGR EE LR P TR R, 1 200093 ;
2. BigASE K MU S 30 1 TRR2ABE, AR EE A 5 A A i TS T, i 200240)

WE: B8 A =246 ROt/ ik 0r o8 KRR BB FEAT B B 3 AR R AH T 3R A A2 122450,
ST SERE R KR AZ I BT S R GRS R, ik R JeiRE CT B =i R A KB B E Y
Bk VLB SUR 32 08 10 = 2 JLATASR AN 5 5 SCRRZH 2 R B s i A e R ) I8 e | A Rz 2 37 PR A FR OG0 B
PR 5 SURR i 5 1 s =22 IR A R fnh 56 2R, 24 SRR B3 A0 iy, %o TR ) 376 s i 1T M 6 4 287 , SS90 A 25 R 40 o L R
Y 5 7 A Y Hiﬂ%%'ﬁim AN AR KR 5% - 422 32 I 2R B BT 32 3 Aor 5 T A BT R i S T A R g, I B A
T AR L 2R o SR 2 BT 2 R R i T 1 A AT AR R R . SR TCIR AR kS S M AR A )3 At
AH T IR B P - A2 s ST 114) e A e i e 389 70 B3 SR i ik B e KA o 8 SRR A AR 3 AN s AH T 2 ke g WL 43 J31)
k1 55.80 ,47. 63 Fi1 50. 44 kPa; i 28 5 4 45 7Y 332 i K 7 (09 B RABELERIE 0 2 £5 LA L, HAH 5 318 149. 86 ,118. 55 Al
139.68 kPa,, [F]H38 i 2344 i T [ 1) 428 1) BB 0 7 A 1) B9 9) o7 7 & B, 3 /\Hﬁﬁﬁﬁﬁmﬁﬁleﬂ 1) N 3 1 BRI
Kot e 76 IRE Wb B WA B it 2 b 3 B B 2 IR R M A% i 5 m 2 IR g e, it AH
Aot AT 332 P -5 327 s e Ak SR T () 1 1 RN B 0 7 3 2 A 1 AN 6], AR T B 32 s I T B 70 00 % i A2 e
KA KRBRFRAE; F12etE s BIRICHT; B 0w
FE 43S R318.01 XEEFRRFG: A

Non-linear finite element analysis on trans-femoral residual limb
during gait phase

ZHANG Lin-lin', SHEN Ling', ZHU Ming', WANG Dong-mei’(1. Precision Medical Device De-
partment, Shanghai Medical Instrumentation College, Shanghai 200093, China; 2. Institute of Biomedical Man-
ufacturing and Life Quality Engineering, School of Mechanical Engineering, Shanghai Jiaotong University,
Shanghai 200240, China)

Abstract: Objective To investigate biomechanical properties of the contact interface between residual limb and
prosthetic socket of the transfemoral amputee during walking by using three-dimensional (3D) finite element anal-
ysis method, so as to provide references for establishing the complete system of measurement, design and eval-
uation on prosthetic socket. Methods Based on CT images, two 3D geometric models of a trans-femoral ampu-
tee including the femur, soft tissues and transfemoral socket was established, with soft tissues defined as non-lin-
ear hyper-elastic and linear elastic material, respectively. The behaviors of the interface between trans-femoral
residual limb and prosthetic socket were defined as nonlinear contact. Dynamic loads on the knee joint were ap-
plied on distal ends of both the hyper-elastic model and linear elastic model to simulate loading on residual limb-
prosthetic socket system during heel strike, mid-stance and toe off phase in a gait cycle, respectively. The stress
distributions on interface between trans-femoral residual limb and prosthetic socket were calculated to compare
and analyze the effects of different mechanical properties (i. e. hyper-elasticity and linear elasticity) of the femur
soft tissue on biomechanical behaviors of the interface. Results For both the hyper-elastic model and linear e-
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lastic model, the peak contact pressures were all located on the distal end of the residual femur during different
gait phases. The peak contact pressure on the interface of the hyper-elastic model during heel strike, mid-stance
and toe off phase was 55.80, 47.63 and 50.44 kPa, respectively, while that on linear elastic model was increased
by two times, being 149.86, 118.55 and 139. 68 kPa, respectively. Simulation on longitudinal and circumferential
shear stress distributions at the limb-socket interface showed that stress on the interface was higher at the distal
end of soft tissue during different gait phases. From heel strike to toe off phase, some pressures were transferred
from the rear edge to the front edge of the socket. Conclusions The pressure and shear stress distributions on
the contact interface between trans-femoral residual limb and prosthetic socket were different during different gait
phases, thus the relative mechanical properties should be considered in the socket design.

Key words: Trans-femoral residual limb; Mechanical properties; Finite element analysis; Stress distribution; Gait
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Fig.1 The FE model of the residual limb and socket
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Tab.2 Loads on FE model of the trans-femoral residual limb
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(¢) Mid-stance, (d) Toe off
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heel strike (d), mid-stance (e) and toe off (f) phase for hyper-elastic and linear model, respectively
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