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Abstract; Objective Based on the design of a novel hip prosthesis stem, the stress distribution differences
during standing, walking, running and in sitting posture were analyzed. Methods Based on human CT data,
seven groups of hips joint models implanted with different stems were established, and stresses of the prosthetic
stem and femur under different working conditions were calculated by using the finite element analysis method.
Results Compared with the traditional prosthetic stem, the peak stress of the novel prosthetic stem during
standing was reduced by 23% , and the femoral stress was reduced by 72%. The results of seven models showed
that the prosthetic stem with the height of 86. 5 mm was the most suitable for patients’ needs. The multi-working
condition results showed that when the patient was in sitting posture, the stem had the least stress and a longer
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service life. Conclusions The novel prosthetic stem helps to prolong the life of the prosthesis and reduce the risk

of bone damage. This hip prosthesis model provides scientific theoretical support for post-design of the stem and

postoperative rehabilitation of patients.

Key words: total hip arthroplasty (THA) ; prosthetic stem; femur; stress distribution; finite element analysis
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Fig.1 Schematic diagram of the THA model and two kinds of
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prosthetic stems  ( a) Traditional rectangular stem and

novel prosthetic stem, (b)THA surgical model

T AR S AR AR e (B Sk PN A T T
FREERDRE AP FI R ER & S AR (W2 1)
&1 eyl

Tab.1 Material parameters[m

FR SRR/ MPa AR LL
e A 16 700 0.30
P 4101 0. 30

W% 358 0.26
N 110 000 0.30

VEEBAIE i OC R, EEAEE 4 X%, 43 30
AR5 N B 5 RSk % Sk 54 |
AR S R #E AR N AT B Sk 5 (A | B
TRAR 5 BB Z 18] R 48 22 293, 7% HyperMesh 14. 0 H?
HEATIEAT LA P Sk RN N A 22 ) Ay JEE A A fik
FEBERECR 0. 73115
1.3 BRMEKIE

RIS ABAQUS CAE 4% BEOE 3 A&
SEAS ARSI Ok IR G Tt in 600 N Flin)
IRy, 2R B i s 6 A7 1) A i, 45 R %
B AR AR B2 K von Mises B /124 103 MPa, 5 SCiik
[20] FFEAAAR I 184 (97 MPa) A LG, 22 BEAG /N
) s, A% SC & B, 1 g 4 o 3 6 T Ml A A B AL
B MR TR R S S A T B Y 1Y ) o A 4
S5 R OGSk [ 20 ] Y 25 R — 2, TE B B A 7 A %K
ATEE,

1.4 FAEIRTHARMEEGE

TE ABAQUS CAE H | 38 52 il A [ 28 fuy 29 7
A BAEG S7 AT | B AD AR I 4 T O, RGBT
TRUBRAAAR , DL BTN B 1o 1 o A L

UL LR FERR FAR oG ARt 600 N FE &
T E Sy, A2 R v 6 A7 a] H i
(L& 2(a) ],

MR AN Bl A 2oy it e, A7 e, 2o i 24
& 1A (b) FINIER (a o) |, 20 I 48 1 2k
PUTE 1 ANEZ (d) Y o 0 a X A7 3t
PP AR A 1, 1 20 BT 32 306 1 507.9 N UE{H b
Sob 07 3 ST IR #R AT R 1 153.5 N WA ¢ XoF o7 sk
B, BT 1762, 6 N, W {H d SRR P R A
PR S 7R SZ T KBTI 2, Ry 3 433.5 NP2 [ I,
Kl2(b)],

AR YT | N A TR R 1 I 7 A B G S AR
A JJ (hip joint reaction force, HJRF) &y 22.3%BW
(BW Sy A ) 220 A 2 mf i m] AR AL
VERRT SRR IR B 48 T Il 1 N2, e K%
A P e AR TETE L2 o TR R G 5 i A 3 ]
BIESMPREAR . ST 2R AR TR 60 kg, i
HJRF & 133.8 N[ W& 2(¢) ],
F
: 0 04 o_é/s 1216

-1.8 d
17
s

0 01020304050607
0.5

Su—

1
il
B -0.5
Bl Z
/ "l K -1.5
L
-2.5
. -3.5
L E@g}
STTTTT777 SIITTTITT
(a) L (b) AL

F=223%BW

(¢) A
B2 ARIRTHEARTEE

Fig.2 Schematic diagram of load constraints under different

working conditions (a) During standing, (b) Under

dynamic conditions, (c¢) In sitting posture
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(a) Stress nephogram of prosthetic stem, (b) Stress

nephogram of the femur, (c¢) Comparison of stress results
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Fig.4 Stress and displacement nephograms under different working conditions (a) Stress distributions during

standring, (b) Displacement distributions during standing, (¢ ) Stress distributions during walking,

(d) Stress distributions during running, (e) Stress distributions in sitting posture
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