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Design and 3D finite element analysis of personalized ankle
prosthesis

XU Xiang-yan', WANG Dong-mei', YIN Jian-wen’, WANG Xu’ (1. School of Mechanical
Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. Department of Orthopedics,
Huashan Hospital of Fudan University, Shanghai 200040, China)

Abstract; Objective To propose a personalized design of anatomic ankle prosthesis that can avoid and reduce
the high failure rate and risk of ankle prosthesis in clinic. Methods The 3D finite element non-linear model of nor-
mal human ankle system was established and verified. The anatomic ankle prosthesis was then designed to sim-
ulate total ankle replacement, and the 3D finite element model with both the prosthesis and ankle system was es-
tablished. The biomechanical characteristics of this prosthesis were calculated and analyzed after gait loads were
applied. Results For the normal ankle system, the maximum plantar contact stress was 214. 6 kPa and the maxi-
mum Von Mises stress of foot bone was 8.96 MPa. The reliability of the normal ankle system model was verified
by comparing the simulated results with those reported by literature. After the prosthesis implantation, the simula-
ted maximum Von Mises stresses of talus prosthesis, tibial UHMWPE liner, tibial prosthesis were 23. 88, 19.24
and 73.01 MPa, respectively. The stress of the ankle prosthesis increased drastically compared with that of nor-
mal ankle system. Conclusions The comparison results by finite element analysis examine the feasibility of the
personalized ankle prosthesis, and provide references for optimization of prosthesis design and its clinical applica-
tion.
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Tab.1 Material properties of different parts in finite element
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Wy PR/ MPa JHRAL  BEEERY mm® FOTE

s8] 7 300 0.3 — SR HTT
A L] 350 — 18.4 EL T
) 260 — 58.6 LT
0] 1 0.4 — FARETT

BOE L AR 72 ABAQUS 6. 12
O HIEA T R P B R S, FEHLARSE T e R
T, RIS REM: C)y . Cyy .Cy . C)y . Cyy
4y 4785.56 . —58.41.39.00, —23.19 .8.51 kPa,
D, D, /353K 3.652 73 .0 mm>/N"

1 FLAT R L (7 N ARty 228 v 37 A7 ) A LY
Z GO, SFEREART AR, BUL 3l 37 A5 2 7R
N 50% 1 T 3 3 W1 RS AR R JEC i o 2 1) I
350 N [z 77, BB HEB 3 o 5 30 JR 56 74 4 3% T it o
[ 2, P A 2 AR T R v b ) R ) 24
NIRRT A 50% M OB Y Hh e B R 1 it
175 N [ - ERBES) , i Ag ol an &l 1 o o

(b) B ML A 2
Bl BRREGWHEF=E

Fig.1 Schematic diagram of the ankle system with loads

(a) 3D finite element model of the ankle, (b) Loads and

boundary conditions
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Fig.2 Prototype of the ankle prosthesis

(a) Explosion of prosthesis, (b) Assembly of prosthesis
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Fig.3 Finite element model of the ankle system assembled with

prosthesis
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Fig.4 Simulated stress distributions on normal ankle system

(a) Plantar contact stresses, (b) Von Mises stresses on foot bone
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Fig.5 Contact stress distributions on cartilage of the ankle joint
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Tab.2 Maximum Von Mises stress of the ankle system before and

after prosthesis implantation
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Fig.6 Von Mises stress contour of the ankle system after prosthesis implantation
(a) Foot bone, (b) Talus prosthesis, (c¢) Tibial UHMWPE liner, (d) Tibial prosthesis, (e) Talar stem
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