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Stress distributions on the femur under different gaits before and
after hip joint replacement

TANG Gang, WANG Jian-ge, LUO Hong-xia ( Logistics Engineering College, Shanghai Maritime
University, Shanghai 201306, China)

Abstract: Objective To investigate biomechanical properties of the femur during slow walking and stair climbing
before and after total hip replacement (THA) , so as to provide theoretical basis for optimal design and manufac-
turing of the prosthetic hip. Methods The 3D finite element model of hip femur was established and validated
first, and the stress distributions and stress shielding rates during slow walking and stair climbing before and after
THA were calculated. Results During slow walking, the stress increased gradually from the proximal femur to the
distal femur, reaching the maximum 90. 6 MPa at the lower part of the femur before THA. A stress shielding phe-
nomenon occurred on the femur after THA, but the stress amplitude decreased, with the maximum stress
reaching 82.5 MPa. The maximum shielding rate appeared near the greater trochanter of the proximal femoral
prosthesis and the total stress shielding rate reached 14.9% -99.0%. In addition, excessive stress concentration
occurred at the prosthetic neck. Meanwhile, the stress distribution during stair climbing had a similar regular
pattern as that appeared during slow waling, but with a more obvious stress shielding effect. Conclusions The
greater stress shielding of the proximal femur and the excessive stress concentration on the prosthetic hip during
stair climbing will both influence the THA surgery quality, so patients should minimize the movement involving
large joint angle after THA.
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Tab.1 Parameters of the material properties

e AL B i/ MPa
BBk G 4 0.32 96 000
B 0.36 16 200
FABE 0.30 389
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Fig. 1 Schematic diagram of the finite element model

(a) The femur, (b) The assembly of femur and prosthesis
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Tab.2 Joint and muscle forces loaded on the model

I 7 B e UL LA Jx A
PIE:= 5 1] KA H/N - AMNEINYN JBEN ML/ N
i3/ N JT /N /N /N W/N
s X -370.4 397.9 49.4 -3.4 — — -6.1 —
Y -225.0 29.5 79.6 -4.8 — — 126.9 —
Z -1572.3 593.4 90.6 -130.3 — — -637.3 —
e X -406.8 480.9 72.0 -3.4 21.3 -1.4 -15.1 -60.4
Y -415.7 197.6 20.6 -5.5 33.6 -2.1 153.7 271.7
Z -1621.0 582.4 87.8 -115.2 19.9 -44.6 -926.8 -1832.0
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Fig.2 Convergence test of the finite element model
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Fig.3 Stress distributions on the femur during slow walking
(a) Before THR, (b) After THR
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Fig.4 Stress distributions on the femur during stair climbing
(a) Before THR, (b) After THR
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Fig.5 Stress shielding during stair climbing before and after THR

2.5 MAOKEHhIK

V7 7 88 HP et OKE S 0 ) 5 o D
S O DD 3 T A, e 2028 B AP G B A
Bl RIS, T BRS04 A R B 454, 7
WREN EPER T &5 kW% BirsE, Bk,
N 3 RS B DG A FR BT IR R E R T 5
RAFITIE , FE AN BALE THR F ARG EA
Up2e 3 | TRl N F AR ME B IR i TR i i

M\ THR i 5 B 0 1 50 A 2 B AT LU 7
A BREATE T el 32 1R/ S ofr 2 80— 1Y
IEHX AR, THR §T, T 2188 0 T EEs, 75
e 30 vt A 22 4 B Sy B S ) 1 ) B T G 5
T BT R BRI 0% 5 1N 0 43 A G, TR /N
V2N 7 B v i A B S I I R R 04 N B 32
;3 e ef T S ) AM G, [ Bs E O R
VERITE R 3k b, I 35050 485 44 B AR A5 ol A R
SR THR Ji  (BAAAR S0 AR A4 Sk T o ™ A= B i 1)



E RL%E BXTERNEARSETREE IS H
TANG Gang, et al. Stress distributions on the femur during different gait before and after hip joint replacement 147

7 Sy R ELG ,  KINE S35 530 371,365 MPa, #E
SR B VI BR 04 1E I Sk BB B U, (0 —
B A BRI BN TR BA LR, B 5%
AR BAAR TG B 7 W 4 vy, 7 A I S B
Fo IR BRI AR LA R IR AR e, X R AR Y 4
WIE A AE AR R, AT L RS 5T
24 AT R OT AT AR B 43 A 45 AL

AT EE R LA, BRIz shint THR #if
Je L B ) o AR A8 A AR L, (FR: bR B
BRI T 7R A2 T 22 280, L LA SRR B 17
OMEEMRER . AR TR R B, BT i
Syt o7 30 P R A o B D

3 HiE

ARSCR =44 BROCTT i 50 #r i BT B
PR TR 25 25T N T8 58 35 B AR 14 22 ) 77 2 1k
RE, A T B A DA BT N 3t 42 it — 2 /Y
PR Ff o THR FARJE, AT ARz 3 %

S TR, SO R R D S
AR IE 8. A BRICII T IE AT E—E B
AR T ARG A g s S T L RE A X S8 A%
PFEATH A AP T AR B A=) S A1 Bl . A
WA E—E R R R T B TTAR 4L A%
HARERTHICR AR AL S, A A BEAS
AR ABA N 12 P BE (9 730 B0 , O BUAR A
FEHa B9 Mt 5+ WRE . IR, AR SCHFRA SR F
ANBESEAREHA S WS PR OO, {ELE i 5 H Al 2 25 2
BT FEHEAT X HE AT RIAR SO AT o — e 45 = 3

S Lk

(1] SR, BHoe. AT R#C BoR X KRR E £ 1%
AR ], BERAY T2, 2010, 25(6) : 471-474.
Han SY, Ge SR. Effect of total hip arthroplasty on biome-
chanical behavior of natural femur [ J]. J Med Biomech,

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

2010, 25(6) : 471-474.

THIIAT. AT B A B B (4 A ) ) A W5 B TR L
[D]. KA. EMORML 20083, 2012,

HGEE, B/, RIETE. N T AR IR R0 3% A 3
AR5 BTN B ) 43 A e A KR oe [ J ], B
FAY H12E, 2007, 21(4) : 322-327.

Zheng XW, Fen XJ, Zhang YB. Finite element analysis of
the influence of shape and surface treatment of artificial
stem on stress distribution of prostheses and femur after to-
tal hip replacement [ J]. J Med Biomech, 2007, 21 (4) .
322-327.

iR A DG 4 v e B B 1) = 4 i A R T 4y
HrD]. KF: SRR LA, 2012.

S, WBEE, JHEE, 5. ANREBCE B A A B #EET
FME IR AT B UL A RITHFE [J]. B BREE 2
B2k, 2010, 33(5) ; 451455.

s, AN, T @A, S5, 4l iR o R Sk
WA G BB I B 11 ARG A BT [ ], A )
2, 2008, 23(6) : 459-464.

Xu NW, Sun RB, Wang YJ, et al. Finite element analysis
of changes in proximal femur stress after modular hip resur-
facing arthroplasty [ J]. J Med Biomech, 2008, 23 (6):
459-464.

Heller MO, Bergmann G, Kassi JP, et al. Determination of
muscle loading at the hip joint for use in pre-clinical testing
[J]. J Biomech, 2005, 38(5): 1155-1163.
XA & NTHORTW-1E 8 RGE AW A 05E]
M USSR E R 2 AL S, 2012,

JUHESE, ISR, BRdEdE, S ARG B TS R R )
AR RIC/ T[], R RAE, 2005, 24(9) : 561-
565.

HOR A BTN E S R RO [J]. BEHEY A,
2000, 15(2): 69-71.

Dai KR. Internal fixation of fracture and stress shielding
[J]. J Med Biomech, 2000, 15(2): 69-71.

MRCK, Y, PREINEE, A5 N TG AN R A B X
SHERRL S AT [T T E BT AR Ak ak, 2008, 16
(7) : 540-550.

PR, BENREN, X0, AF. SRR R R e B A
SkER AR [d]. s R4k, 2010, 30
(11); 1167-1170.

D]. L



