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Finite element analysis of stress distribution over femoral head necrosis zones in different necrosis areas
FANG Bin™ ,HE Wei ,ZHAN Lei ,ZHANG Qing—wen ,WEI Qiu-shi,CHEN Zhen—qiu, CHEN Peng ,ZHANG Mei—chao. *
The First Affiliated Hospital of Guangzhou University of Traditional Chinese Medicine , Guangzhou 510407 , Guangdong ,
China

ABSTRACT Objective:To explore the effect of femoral head necrosis areas on the stress distribution over the femoral head necrosis
zones. Methods : Data set of Virtual Chinese Human male No. 1 was adopted, and the finite element models of femoral head necrosis with
necrotic tissue volume fractions of 30% ,50% and 60% were established through Mimics software respectively,and then they were analysed
by Ansys software. These models of femoral head necrosis were performed with loads of 1 440 N,2 400 N and 4 200 N respectively,and 9
models of femoral head necrosis were set in total according to the different loads and different necrosis areas. Then the stress distribution and
peak stress on surface and bottom of necrosis zones were measured respectively,and the possibility of femoral head collapse was analysed.
Results ; Under the same necrosis areas, stress distribution over the surface of femoral head necrosis zones were basically in the same al-
though femoral head bore different loads. The larger the load was,the greater the stress value was in the corresponding areas. When necrotic
tissue volume fraction reached 30% ,the closer the stress distribution came to that of live bone tissue,the greater the corresponding stress
value was,and the surface peak stress zone was located at the posterolateral approach to the edge of boundary of dead bones and live bones.

When necrotic tissue volume fraction reached 50% or 60% ,the similar stress distribution were shown and the scope of surface of femoral
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head necrosis was larger than that of weight-bearing surface of femoral head. The peak stressed zone of femoral head was in the posterolateral
approach to femoral head,also the multipoint and multiregion stress concentration appeared in the rear surface of necrotic femoral head,
while one stress zone with relative higher stress compared with that of ambient stress was shown on anterolateral femoral head. Under the
same necrosis areas,stress distribution over the bottom of femoral head necrosis zones were basically in the same although femoral head bore
different loads. The larger the load was, the greater the stress value was in the corresponding areas. When necrotic tissue volume fraction
reached 30% ,the stress was mainly distributed over the lateral side and rear side of bottom of necrosis zone,and the closer it came to live
bone tissue,the greater its stress value was, and the peak stress zone was located behind the edge of boundary of dead bones and live bones.
When necrotic tissue volume fraction reached 50% or 60% ,the similar stress distribution over the bottom of femoral head necrosis zone
were shown under different loads,and the stress increased significantly in multipoint and multiregion of the lateral and rear side,while peak
stress zone was located at the lateral side of basilar part of femoral head necrosis zones and sporadic stress concentrated area was located at
the front of basilar part. The stress on bottom of femoral head necrosis zone was significantly higher than that on the surface of femoral head
necrosis zone. For the three kinds of models under 4 200 N load in different necrosis areas and necrosis model with necrotic tissue volume
fraction of 30% under 2 400 N load, the peak stress(0.992 MPa,0. 685 MPa,0. 692 MPa,0. 567 MPa) on bottom of the necrosis zones
were all larger than the critical stress(0.55 MPa) of necrotic bone tissue. For the 9 models of necrotic femoral head ,only the peak stress on
the bottom of necrosis zones and nearby small areas were larger than the critical stress,while the peak stress on most of the rest areas were
all smaller than the critical stress,namely,for all the models, the tissue necrosis was only presented as stress decompensation microfracture.
Conclusion : Necrosis area can affect the stress distribution over femoral head necrosis zone and stress on the bottom of necrosis zone is
higher than that on the surface of necrosis zone. The microfracture of subchondral cancellous bone in the deep appear when peak stress is
larger than the critical stress,which directly leads to the collapse of femoral head.

Key words Femur head necrosis ; Necrosis area;Stress distribution ; Collapse ; Finite element analysis

R KR IRBEER B 2 A W I R M1 I R iy
PEFIRAE R, PR B0 0 LR R o2 77 403 I 1) 2 22 1A
F o LT U Sk 3 B R , SR BB
IO AR B A it , o £ B R ) B CY AR R TOR
HET L A A RIC 2 s 1T I

2 77Ok

2.1 #EAE SHERES MR Rk
PRACA FROTHE T

2.1.1 EBALE fE Windows XP ARG H, A H]
Windows [ 7 Fr) I T B F, >R P I 40 B o A e 5 30

SkIRFAR TN | 7 A0 A2 A BT R I U
THPERY R o AWFSETE T A S A B Sk IR P =
YA PRI LAl b, 2R Ansys BRPFBALID 25 4]
W R K AR ) A R AS TR R B
S 3 o3 A ORI AR AS T 5 30 B AR DGR 2
Wy I3 25805, O s T JE ke 358 o XU K% s o B4
SV ol T

1 SLEHMEEEE

1.1 SRIG#FRE SCui v FH A0 s Sk SR AR Rt ok
T EREAGS 1 18w D 0 S 5 (g 7 BERER
SRR A E L) | JRE b B R gk 2 ER
120 i, JZ)5 0.2 mm, 730 HEA 600 TR K K55
Bl T BMP [E15 48 20, 5 ATHRENLIE T AL B
1.2 SEIG{UEE  Mimics —ZEEHRAE I ; Ansys9. 0
A BRIC I 253 A R T ARG : Windows XP #:4E 5
4t , Pentium 4 Dual Core 1.2 GHz CPU,4 G N1F,256
MB Geforce2 57 1,500 G Afif

3 I A Wi T PR R AT A B 3 ek PR T o o A
PRIE T 2 EMR E g A b ) Sk il i i 2k b PR
IR 5 S B 2 4 2o K B AR DX o I, PR UE A 1
PR TR

2.1.2 Beiim =R IR BRI 5E S i
A Mimics =48 #E R, A8 47 KIS 1 )2 1 #E (0. 2
mm ) FUYFZ S (0.2 mm) , SFA7A% G H )5,
JBe B ity — AE SRR (& 1)

v 4

1 RERHR=4RMER



S12 (5 732)

HEIEF 2012 55 10 A % 24 %% 10 H

2.1.3 i A BROCMMAET]  J@id Mimics (1%
ReX o4, P Magic B8, X € 37 i BB il i =
Y TR EAT AL B, TR AL AT BROC RIS ALY
Horp a4 23 581 40 35 620 TR 2) .

;;;;;;;

T OMERBAEG%

T QWREARAES%

2.1.4 AFERERERE LI IR s ke
SR VAR Sk ot SR TS, IRBE XA T B3k
IO TX . DIE R = 4E A BR T B k4388 A T
HF AT DX AR A BR TG s S A, 2 L o A~ I
B3 BRI A5 S A e B E 43 LR 30% |
50% 60% [ IX 5 A I SRR FEIX (B 3) o

2.1.5 MkElERMAE BARIOBAIF A Ansys X
1, R SR T ST R S 1 R A5 1l R, e —
FIE IEH B Sk sk A & 3.3 GPa, JAAA L 0. 22, 38
FERE R S SRR 9 0.5 GPa' ™" ]I X BB T
ST R e L B 0(UX = UY =UZ =
0) , BB B T s 11 s A2 B e AN Bl

\NISYS
PR 16

Q)AL BUIEL60%

3 BERNERBRITHEE

2.2 MEARERTT  BE MRSk RN OO Sk
FFRCB 1A L i, 2 R, BIVEE IR B Sk 20T Y
HIJE 77 1) 5 BB Sk vt 19 3 £ oy 80°, BB Sk 2R 1 1Y
A7 1] 5 R Sk i 1 e i o 400 X, AR R
JBeE Sk LG AR R Sk O B D0 Tl S e
TR AL 25°F2 1o X 3R BB Sk IR BEAR A 433t
PL3 AR M 1 440 N(AHS T 60 kg (19 A 2 o
SRR BTS2 (R 2T, 55 T 2. 4 f5 AR ) (2 400 N(AH
MF 60 kg 1 NFTAE I R A WEAE Y Ty, ST 4
fE 1) (4 200 N(HIYS T 60 kg B9 AL T B JE il 25 i,
BT T, %5 T 7 A5IATE) .

2.3 SERWER MRS ARSI, iR E 9
A SR IRFERERY 43500 5 LR 2 : QIRFEIX 3£
T BRI ) 40 A 1E Dl o QIR FE X 2 18 S HE 1)
N A . AN [RIIRBES L i3k B B 1) T g
WAL IR B R 5.5 MPa, i JJ48%CH 0. 1,1k
& 50 34 0.55 MPa, Y i i 0 ) i SR AL 20 21
BN R AR N T ARBEAS i 3T, 5 R 3 I 7
FIBIRFEA 215 B IRFE A 2R 50% L) L ik, TjGA

NEIRFEN LK KRG

3 & B

3.1 BEAFERRER AL MIER  OHFIFIE
TR B S FEAS [ 2 fr VR R, SR PE X 2 187 I )
O3 AT FEAR— 250, By B, A R X8 Bz T (AR @
RFELH LR R B0l 30% B, I 3 49 A B B2 500 36 B
L LN (R, Fe TR ) XA F A8 B 5 0
LI G B ANE 7 s ORI LA L B0R 50% |
60% B , Ji B Sk YR 5 2 1 1 Bl ok 1 B Sk R L T
TN AR, B S VAR N ) XA TR Sk e
HMI, SRBE Rk FE i 5 7 B £ 0 2 X B ) 4
H RIS B 1 SR B g 3 s 4 R Al
(K4 K5 H6),

3.2 BEANEREDEASHER ORI
T BB KA R AR T SR X HR A N )
O3 ATIEAS—Z, AT, AH N DX R (ELEER ;@
IIEALURTSY BN 30% Bf , SRAE R0 I 143 A4 LA
AMIN JEA A 32 A T i i 4 S S (E ROK i
N ) A A0 5 6 B S R G G T s @R FELL 4



FEIEF 2012 55 10 A % 24 %% 10 H (& 733)-13 -

B 50% (60% AN [F) i T B Sk R AL XUIR 3 g, WEAELR T XA T BBEE Sk IR AL XL S
iﬁf“jj/\?ﬁ*ﬂl %WI&F{WT??”ED%EE’J%M\%B@ %R%ﬁﬁuﬁﬁﬁﬁﬁ“fﬁi r X (7 &8 9) .

(D41 440 NIVSRFE X AT 3 4 i Q)42 400 NI HFFE K KT R 14046 (3) 84 200 NI HRFEIX T3 )4
B4 $RTE 30% MR RIH TR LR R £ E R A5 % E
R E ASRBEIR G0, N MIRFEX T TT , Z2 A SRFE X YA, A0 R SRAE X 2t

()il HONMHFERRTRN A Offi2 400 NWHFERRTRN A (34 200 NIRFEIX 57 1) 4 4
BRI S0% MR RS TRE LR RER DS 7 E
B R E ASRBEIR G0, N MIRFEX T TT , 22 A SRFE X AN, A0 R BRAE X At

(1)HAF1 440 NIMSRFE X B J) 43 i CORA2 400 NISRFE R TR 145 (3)#efif4 200 NI SRFE X i 32 J) 43 A
B 6 IR 60% RARME FRELXIFEXREN N5 HE
Bl B NIRSEIX G J5 s T 5 RSB, 22 R SE X P, A A SRAE X S

R DN R (3) 84 200 NIFERFELC JEH: 1) 4
BT RTE 30% B R E A TR S IRTE R KR N5 75




- 14 «( B 734)

HEIE B 2012 42 10 A % 24 %% 10

(DAL 1 440 NIMSREE IX i BB 1 431

QA2 400 NISKFE R R MM A 46

(G)#efiid 200 NINHRIE K IR D A

B8 3IF3E 50% BRI T T A B L3R X IR BB R ) 53 75

(A1 440 NEHRBE R BRI A

(2)2 400 a‘%&‘lﬁ%ﬂlﬁjﬁ

140

~~~~

(3)44 200 NBHRBE K RHRI )M

9 IR% 60% RARREHE TREIIFIEREBE A5 HE

3.3 REIGERRASKBUEENS Oy
SIRFE LK TR T8 9 7 7 WA S 58 e Sk R B IX 36 1 g 5
@754 200 N #AAE T A FIRSER Y 3 A %
2400 N #farff: R IR SEA BUATR M B0 30% HYSR3E
AETRY P RS DX 114 VA (LI 7 249 68 2o SR A6 1 L 4L

WA ST (R 1) o
R1 BEIFEXRESEIBHOIEEMNS MPa
AR R AT R (RIEAE I
L HL Q| N oy SEIL AT
BASIIEE B T 2400 N 4200 N
FE 0.146 0.243 0.424
30%
JEHE  0.340 0.567 0.992
FE  0.105 0.174 0.305
50%
ik 0.235 0.392 0.685
0.105 0.175 0.306
60% A

JE# 0.237 0.396 0.692

3.4 AERFEEETREXBBEOTREE 9 MF
S SRS R IE X MR L8 1 5 S AN
G XIS A e 5, AR T A3 DX IRt AR e
1023, BT A AR TSR SE L G A A T AR Ak
BT (1 4 5 9).
43 @

RIS 4 R B3 10 5354
(ST X A P e AT 27 LR IRSE X A

A3 (e & A0 76 T00FE FET 000 AT ) 0 BR BA R
N ARG LA Sk TR ARG AR o g ST
AN L B i Sk PR EAR Y, AR YR T 1 i Sk 3R
FEAERISRAEAE ALK, 5 2 PRI IRAE X AL & 1 e
SRR EX, FL, 7 — B LUk, U 3 R A
A ARRIRBEE Bl A A ) e B SR B

FEI 5 IR FE ISk F TN S AR TRt AT R B, 3R
FELHSUARTRIBAE 50% LA LIk IEE sk 07 A7 s X 78
JBe 3k Ja AU s SRFELH SR TR B0k 30% ), BB Sk
AR T RE ARG IR P X A 6 K E 8 i X, HL R ) e
XA FIEH B 550 13 FEIX, R 7 W {E L IR AE 4141
IRFL KR 50% F1 60% F K, X Al RERE O N &
FILTFIRBEIX FE M, PRBE X3 i 4 K s YR BE IX 35 1 v
P e ok 5 B S B0 B DX 3, 8 I 8 DX 7™ A g ) 4
H S PRBE DX L /N, AS (L FE SR BE IX RS 3R A B A7 4
Hh T ELE 7 R XORAE 5 I B Z A e R ) B
X T B R 2R A T YR AE XA B 45/ By g W
HIAHXT AR SR A

£ 4 200 N ZA/EH T, RFEIRFEFEFI 3 4
FUIX WA 1] 1 4 A HB A SR BE B L S I 0 77 5
MAERIRE R GG T AN FRISRFETE Y 3 SR (1 3R
U X JEC TR A e (0 7 24 B A SR B8 1 A 2L A s S0 77



FEIEF 2012 55 10 A % 24 %% 10 H

(B.735) 15 -

IEAh, 3 2 400 NI, RFEFE [ 30% 1 )1 B 3k
DRFEAR AL IR B X A U {1 7 8 2ok SR B8 B 4 Bl
B TT o XFERTEIFEIE AR B E LT, V(BN )
BT S R FE DI . WA {07 g 4 3 SR BE B 1Y)
HREZRET) oy TR AR SRR SR 3T, T 3 ) e Bk
i — DRI TELH L) S IR g, A B Sk Nt 3T
MR AREFATIE A e A B L . X Wds
7N T RGN B B Sk A 2 B Sk A H B
TR, T 45 P B 2 ) IRAE 9 JBC Sk K B T A0 1) SR 3R
HERARI LR . FENIE AT ER S, 25 L BE 1
BT I M 1 A A B ) A I T 2 far R
TEO0 T RIEH RSB BEIGER 25 & A2 0 ) B, e
HIRE . BURBURE — B2 b IeE Sk IR B, 50y ik
fo A B T, DA ok BT RCE Sk 19 R
73, ] RERAAR S A JBC Sk B e 1 XU o

— A OUT , B Sk R85 P A 1y ) 2 b —ir
NG T W R B T S R B . TR
ip L AR TR X 2 77 A — B LR R B /NGRSO B
S4TSR AT
T3, N X R I i fa R . B, Y
I 3 AU A2 A LU I S A A B A 3 S

B SRR AL IR G S AR I R R A B H
PG & H 2 R PR IRBE XN T KR B IR AE
B JE BB R 7 4 v, H g R Al 2 B /N R R i,
ST A AR, AT X R I R - Sk
WAER” o I — B2 W K Sk SR 38, i
FHFAREABRE . BRSO A RS2, 0k
WD R Sk RIS RO, Ba e B Sk IN TR 4 A, R
AR B SRR FE I KA o T3 A AR BRI SR AR Y B
i G RIN R ATt i MN WA S NN AN N = L % NN ER =
FEAARFNE R AR SFE &R ORI T AR A R

I AWFFEIRA TN, SRFETE [ 52 e [ Sk IR 3
DXL 7 53 5 R FE X B g 7 e T IR BB IX R 18 5
o7 WAL 3o I S ) S BB T TR o B T
I, 2 TR LR A BRI
5 SELHK
[1] Ha YC,Jung WH,Kim JR, et al. Prediction of collapse in

femoral head osteonecrosis :a modified Kerboul method with

use of magnetic resonance images [ J]. J Bone Joint Surg

Am 2006 ,88 ( Suppl 3) :35 - 40.
[2] Hernigou P,Lambotte JC. Volumetric analysis of osteonecro-

sis of the femur. Anatomical correlation using MRI[ J]. J

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Bone Joint Surg Br,2001,83(5) :672 —675.
Nishii T, Sugano N, Ohzono K, et al. Significance of lesion
size and location in the prediction of collapse of osteonecro-
sis of the femoral head:a new three — dimensional quantifi-
cation using magnetic resonance imaging[ J].J Orthop Res,
2002,20(1) ;130 - 136.
Yang JW,Koo KH,Lee MC, et al. Mechanics of femoral head
osteonecrosis using three-dimensional finite element method
[J]. Arch Orthop Trauma Surg,2002,122(2) :88 -92.
Etienne G,Mont MA , Ragland PS. The diagnosis and treat-
ment of nontraumatic osteonecrosis of the femoral head[ J].
Instr Course Lect,2004,53.67 - 85.
Steinberg DR, Steinberg ME, Garino JP, et al. Determining
lesion size in osteonecrosis of the femoral head[ J]. J Bone
Joint Surg Am,2006,88 (Suppl 3) :27 - 34.
Lee MS,Tai CL,Senan Vet al. The effect of necrotic lesion
size and rotational degree on the stress reduction in Tran-
strochanteric rotational osteotomy for femoral head osteone-
crosis a three-dimensional finite — element simulation[ J].
Clin Biomech( Bristol, Avon) ,2006,21(9) :969 -976.
Floerkemeier T, Lutz A, Nackenhorst U, et al. Core decom-
pression and osteonecrosis intervention rod in osteonecrosis
of the femoral head: clinical outcome and finite element
analysis[ J]. Int Orthop,2011,35(10) :1461 — 1466.
SN, SRS BRI A ROTRR LT ] o
FEZHLUTARNIIE SRR ,2008,12(30) :5890 ~5891.
Brown TD, Ferguson AB Jr. Mechanical property distribu-
tions in the cancellous bone of the human proximal femur
[J]. Acta Orthop Scand,1980,51(3) :429 —437.
Brown TD,Pedersen DR, Baker KJ, et al. Mechanical conse-
quences of core drilling and bone — grafting on osteonecrosis
of the femoral head [ J]. J Bone Joint Surg Am, 1993,75
(9) :1358 —1367.
Chen WP, Tai CL,Tan CF,et al. The degrees to which Iran-
strochanteric rotational estcotomy moves the region of osteo-
necrotic femoral head out of the weight-bearing area as
evaluated by computer simulation[ J]. Clin Biomech ( Bris-
tol, Avoll) ,2005,20(1) :63 —69.
Yoshida H,Faust A, Wilckens J, el al. Three — dimensional
dynamic hip contact area and pressure distribution during
activities of daily living[ J]. J Biomech,2006,39(11) ;1996
-2004.
Langlais I, Fourastier J. Rotation esteotomies for ogleonecre-
sis of the femoral head[ J]. Clin Orthop Relat Res, 1997,
(343) ;110 —123.

(2011-11-28 Yk 2012-07-17 &A1)



