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Finite element analysis of the grafts used for acetabular revision in the presence of bone loss

Ma Wen-hui', Zhang Xue-min?, Wang Ji-fang®, Shi Shu-shan*

Abstract

BACKGROUND: Alternative implants affect stability of prostheses, and freeze-dried bone allografts are most selected as
implants. The crack between grafts and host bone is unavoidable, which would weaken the bone integration. Bone cement can fill
the cracks quickly and completely, however, the effects of bone cement on the stress of prostheses and its own remains poorly
understood.

OBJECTIVE: To evaluate the effect of the different grafting for bone loss in the presence of the new acetabular component with
wings at the time of acetabular revision.

METHODS: The finite-element models of acetabular component with three wings and acetabulum with bone loss were
established. Following prostheses implantation, the gaps were filled with bone cement and freeze-dried bone allograft,
respectively, stress of the graft and its effect on prostheses were analyzed under 2 158 N and 426 N acetabular loads.
RESULTS AND CONCLUSION: The finite-element analysis demonstrated that stress and strain at the interfaces of bone-shell
and metal-polyethylene liner had the same direction of change but no significant difference between them. In the study, the result
indicated increased contact stresses with an increased hip force and orientation. The stress of wings increased gradually from rim
to root. Its peak stress was at the joint between the wing and the shell. The different grafts did not affect the stress of the
acetabular component. But the stress of bone cement was significantly higher than that of particulate bone. The study
demonstrated that change of the graft could not make remarkable effect on the stress of the acetabular component. But the stress
of bone cement increased significantly. The result of the finite-element analysis indicated that particulate bone graft is benefit to
improving its stability and to minimize aseptic loosening rate of acetabular component.

Ma WH, Zhang XM, Wang JF, Shi SS.Finite element analysis of the grafts used for acetabular revision in the presence of bone
loss.Zhongguo Zuzhi Gongcheng Yanijiu yu Linchuang Kangfu. 2010;14(9): 1549-1554.
[http://www.crter.cn  http://en.zglckf.com]

e

B AT ED R R R AT EER R —, HAR ARG T B R B R AR B8
PRRRLAEME R B BRI 15 18 SRR < WA G R AT Y, T IX LS B rT W SR AE 1 S B MR B At e .
FVE AR e RE T UM Se g2 [0, IF HOEBIPOE . 582 M E . (BRI E /KA R AR T ORI AME R BN 5 2
BER TR AR R B 23 B4 50 1 TE SCRRARE

B89 RHA IR oik BB 0 B K e IR TS o i BRIk & = SIS AR IR S RO R g 2 A L, BRI 7 Ak AN 1)
R R AT EEAS = 3 R AR S VR A TE A R«

Foik: ST = R ARIR RS KA IR TREY, BMEIRRE NG, SRA D A R 2 (6 Ve AR T S A Ok P
FFPRHASE. T2 158 N 1426 N ik 5 E R, MUER M) B 5 B KR BB BT 520

HERGEW: AR = 30 R A< 7 DT 5 T ) ) AR A AR TR, A o 52 B i K2 R T #5515 )
(IR ANANTT 1 o 3B D B 2 A1 #UEE 250  phy R AR 5 v AR BB IZ I R, F IR S ERGEEE AN K . AR R R R
S BAAR KR 735345 TE B SR A, B K e BT 32 AR L0 R TR T8 BRI 27 o SRR RS 5 B R R A A IR v 1k
FRISEIR T TR, R R T UKL RS AL A A M P R B2 T 7K U

XA IR =REE B BaEh AR B E RHR
doi:10.3969/j.issn.1673-8225.2010.09.007

Lo, sREAEG EARTS, R 8 SRS BT RS R R IR TT AT (U] o B AL AR S IR R R, 2010,
14(9):1549-1554. [http://www.crter.org http://cn.zglckf.com]

SR, (BA AN i REATY IR 2 R P 1 Ao 1
A, FETFARMGREAEYIR TR AL
At B AR R 20 L 29100 73 1) 4 5 0% 15 B e

il

0 35l

H 20 tH 22604 AT e 4= 1 5% 19 B # A
K, HERIOHR) TIRKMISGE . HidtF=H K
AL O B R W BLAE A 05T B 10
FEAFRNOT% o F AL G, B fA
BT A R e K B A B 7 W AR ) R 4245 B
T LB R

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

FAR, £ RAH 2% T A G & F i
60% , Xl R A B I T TR AL B (1 A R AR
X, BXMBMEZNEE. AIFERAE
BRI TAREE, BRI E R E
o FETR BB IRGIR, ARl
BRI RA B IE BRI o R SRR T B0 B

"Department of
Orthopaedics,
Bethune International
Peace Hospital of
PLA, Shijiazhuang
050082, Hebei
Province, China;
2National Defense
Construction
Hospital,
Shijiazhuang
050081, Hebei
Province, China;
3Department of
Orthopaedics,
General Hospital of
Chinese PLA, Beijing
100853, China;
“Department of
Orthopaedics,
General Hospital of
Beijing Military Area
Command of Chinese
PLA, Beijing

100072, China

Ma Wen-huix,
Master, Attending
physician,
Department of
Orthopaedics,
Bethune International
Peace Hospital of
PLA, Shijiazhuang
050082, Hebei
Province, China
hmqg318@hotmail.
com

Received: 2009-09-29
Accepted: 2010-01-20

1549



@272 crreron

LN, RGBT A G R0 4 b

"HBREAREE
FRAMEERER ,
M ERRES
050082 ; 25adL&
EprEER e
B ARET®M
050081 ;> fRHE
BEREHM IR
M 100853 ;*fiR
RELREXE
ERER =T
100072

LXEX, B,
1973 &4, Wit
HAREMA R
& , 2000 F#ER
EEE#BHER
b WL, R
Em EENEE
MESEBES
HEH R,
hmqg318@
hotmail.com

&5y 25:R394.2
SCHRARIRES:A
L4 5 11673-8225
(2010)09-01549-06

W7 B i 2009-09-29
= A 2010-01-20
(20090929011/

G2)

1550

(208 YRR

X FHEAR AN BB B, ARER
IR A KT B BA RS IS 1 R4 R, 3
104 FHERIE 2 N 10%~18% . TR T4F4R 3%
AR FRERAA BN 7K Ye BB B2 X 25 3L
72, HARER G R m e R RR A 2
BEJE RIE RTREOR, Fa R AR, JIf B
TR, (B ZE [ [ 5E (5 HR 2 AR 5 22 < SR 1T
IRUAS R T AR BRI S B o0 2R s 1 7
PR A FR & B FARTTE.

L SRt R B, I8 R B2 DRI AR
BN AR E VR EE TR . H AT 2 Mpe ]
PLEFE, Tl R L A R T S A R 1
R A BRIC i B M B KA R T A
BRI & = BB R R W )5 1R 2016
oL, BEI 1 AR FOAS R RS AR R0 = 38 1
A EVE T RC R

1 MRFE

Wit xHeiEE,

BB R ih 2. T-2008-07/097E fift jlt 4 Ak 5t
FEIX SR B R 0 5E R

MRkl S5 EANSYS A F A R T/ #r
L/ CE T

Fik:

BREBIERIE =4 aRT/UMER R A
Sk T ANSYSH PR G 43 B #1446, 4 7. = 3L
k) =4 BR Y . BB FT H B o0 N
ANSYSH1{JSOLID92 .75, . 704(°520 0004,
T R ACRN27 0004 . = 385 FUERAR A B N B S
A4, BRI LB E A N54 mm, =H[HE
i) fHU30°, e KA 925 mm, AR A4
() B KBS BLAR AT A 79 mm . = BABUA (18 = 2

R BN 28 mm, EE N9 mm.

T AR SO E A M BB AR AR BN S5 B S ) 4 AT
U, e IR AT A, R A
HEFAE 4, WM IE ST, EIERF#
A PR T B A R ) B R N RS
25 mm, JEAR KR N25 mmitE, SkiE
LI 40 E 07 I E R . BEBIAE NG, R
3 08 1R 2 B 4 S A P i 7K i R T S AR SR
PRI RHE 7S o

g3 B ik F2 A A A R S8 AR B R — 11
Al [F R, BT A RIS Y Sy 2 s R A
A, PRS2 ORI HRE,  BUE L
#1,

X1 AFEMEH TR — %
Table1 The mechanics characters of different
materials

Materials Young’s Modulus Passif)n’s

(MPa) Ratio

Co-Cr-Mo alloy 200 000 0.3

UHMWPE 700 0.3

Hip bone 17 000 0.3

Particulate bone 230 0.25

allograft
Bone cement 2000 0.4

UHMWPE: ultrahigh molecular weight polyethylene
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a: Acetabular component with wings

AN

b: Acetabular component with wings and graft

Figure 1 The finite-element models of acetabular components
and graft (placed direction: eversion 45°, anteflexion
30°)
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45°, i) 30°)

c: Bone cement

Figure 2 The Von Mises stress graphs of acetabular compo-
nents with different kinds of grafts
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Table 2 Von Mises stresses of acetabular components with
different kinds of grafts (Pa)
Particulate bone allograft
Hip joint Inside interface  Outside interface
force Total stress
stress stress
426 N 1022 438 914 901 701 874
2158 N 6 331438 5 348 009 4727 853
Bone cement
Hip joint Inside interface  Outside interface
force Total stress
stress stress
426 N 999 418 726 410 749 374
2158 N 5666 979 4995 988 4 447 890

#*3 A ESEFEAR ) = RAR AR KX R 1Y) Von Mises

IV
Table 3 Von Mises stress of wings and grafts of acetabular
components (Pa)

Particulate bone allograft

Hip joint force

Total stress Otors Of Wings Stress of graft
426 N 1030 230 378 543 4117
2158 N 6721 389 2 336 528 44 808

Bone cement

Hip joint force

Total stress OtorsOf WiNgs Stress of graft
426 N 935 121 326 410 32142
2158 N 5968 651 2 078 408 147 714

Otors: torsion stress

x4 A FBEFEAR = RS D 125 B 77
Table 4 The primary part stresses of different kinds of grafts
(Pa)

Particulate bone allograft

Hip joint force

Onorm GOtors Gt
426 N 42417 985° 1099°
2158 N 46 356° 12 088° 15 926°

Bone cement

Hip joint force

Onorm Giors Giitt
426 N 41486 6 374 7943
2158 N 172 428 51327 56 419

Onorm - NOrMal stress; oy.rs: torsion stress; oy tilting stress; °P < 0.05, vs.
bone cement group
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