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Effects of hip joint medial space ratio and gluteus medius status on collapse in osteonecrosis of the femoral
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ABSTRACT  Objective:To explore the effects of hip joint medial space ratio( MSR) and gluteus medius( GM ) status on collapse in osteo-
necrosis of the femoral head( ONFH) . Methods ; Three healthy volunteers were selected ,and the CT data of their hips were extracted , based
on which the finite element models of left ONFH with different MSRs(14. 35 ,16.35,18.35,20.35,22.35,24. 35 and 26. 35 ) were estab-
lished. Furthermore , based on the finite element model of ONFH with a normal MSR in one of the healthy volunteers, the finite element mod-
els of ONFH with different GM statuses(75% ,80% ,85% ,90% ,95% ,100% ,and 105% ) were built,among which the 100% GM status

corresponded to a GM force of 700 N. The models were constructed according to the Japanese Investigation Committee ( JIC) classification for

AT B R G KAF AL B (82274544 ,82004392) ; /- R 4 Aoah k5 5 A A e AT 7 A4 B (2023A1515010551 ) 5 223 A3 K
By 2022 S BAEEINT R A (BASERFM(2022]1 5) ;2021 F 7 K 4 F ERG A LRI ARAAE LR B (GYH202101-01,
GYH202101-04)

WIS H A E  E-mail: weigshi@ 126. com



<2 (K 806) HEIEF 2024 £ 11 F %36 %% 11 4 ] Trad Chin Orthop Trauma,2024,Vol. 36 ,No. 11

ONFH(type C1) ,with the anterior and lateral preserved angles of the femoral head set to 70 degrees,and the volume of the necrotic zone
defined as 30% of the total volume of the femoral head. The load-bearing situation of the model in the static standing state of lower limbs
was simulated to measure the maximum stress of the femoral head , the maximum stress of the necrotic zone ,and the maximum displacement
of the necrotic zone of the ONFH finite element models with different MSRs, as well as the maximum stress of the femoral head,the maxi-
mum stress of the necrotic zone,and the lateral displacement of the femoral head of the ONFH finite element models with different GM sta-
tuses. Results;: (DThe model verification results. The main load-bearing zones of the ONFH finite element models established in this study
presented in the anterior and lateral regions of the femoral head. The stress concentrated in the overlapping area of the necrotic zone with the
load-bearing zone ,with the maximum stress as 5. 050 +0.377 MPa in the femoral head , which was basically consistent with the stress con-
duction characteristics of the necrotic femoral heads reported in previous studies. @) The stress and displacement of ONFH finite element
models with different MSRs. In the case of MSR <20.35(i. e. ,MSR was 14.35,16.35,18.35,and 20. 35, respectively) , the difference was
not statistically significant among the groups in the maximum stress of the femoral head,the maximum stress of the necrotic zone,and the
maximum displacement of the necrotic zone ,while, in the case of MSR >20.35(i. e. ,MSR was 22.35,24.35 ,and 26. 35 ,respectively) , the
maximum stress of the femoral head,the maximum stress of the necrotic zone, and the maximum displacement of the necrotic zone in the
models were all greater than those in the models with MS<20. 35. @The stress and lateral displacement of the femoral head in ONFH finite
element models with different GM statuses. In the finite element model of ONFH with a normal MSR, the maximum stress of the femoral
head ,the maximum stress of the necrotic zone,and the lateral displacement of the femoral head kept decreasing as the GM status improved.
Conclusion : In the case of MSR >20. 35, the stresses of the femoral head and necrotic zone significantly enhanced, which increased the risk
of collapse. A good status in GM can not only reduce the stresses of the femoral head and necrotic zone but also counteract the lateral dis-
placement of the femoral head,thereby reducing the risk of collapse in the femoral head.

Keywords femur head necrosis;hip joint medial space ratio; gluteus medius muscle ;finite element analysis ; biomechanical phenomena
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H:(1) ~(3).(4) ~(6) (7) ~(9) .(10) ~(12) (13) ~(15) [(16) ~ (18) [(19) ~ (21) 43 F| i 5& 15 P ) [ Bt ELAEL
o 14.35.16.3518.35 20. 35 22.35 24. 35 26. 35 [ [ Sk dne K ) IRBEIX de R Sy FIIRBE X fe KA % = B

x4 TEBPINRKERELIFRFEERTER Y ARG K EIMIGENESR
BHRAURES BRG] RSk )/ MPa IRBEIX e K 1/ MPa JBe Sk 1AM 335/

75% 1 4.899 0.115 4 30.76
80% 1 4.845 0.114 1 30. 66
85% 1 4.793 0.112 7 30.55
90% 1 4.749 0.111 6 30.46
95% 1 4.702 0.110 4 30.36
100% 1 4.659 0.109 2 30.27
105% 1 4.625 0.108 3 30.20

. Mises
9: 75%)
+3.926e+01 3. °’oe+01
+8.410e+00
+ +7.709

+3Z400e-02
+7 756e-02

2
i ees +1.850e-03

-8.867e-03
-1.958e-02
+- -3.030e-02
-4.102e-02

- +7.0, 01
+1.891e-03

5%)
+3.919e+01
+1.141e-01
- +1.047e-01
+3. 3308 O”‘
- +2.270e-02

’ 5
+2 765e+00
- +2.074e+00 T
+1.384e+00 -4.089e-02
- +6.927e-01
+1.860e-03
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U, U1
75%) ~ +8.503e-02
+3.913e+01 +7.455e-02
11127001 L +6.406e-02
+1.035e-01 +5.358e-02
+9.422e-02 +4.310e-02
+8.498e-02 L +3.262e-02
+7.575e-02 L +2.213e-02
+6.651e-02 - +1.165e-02
+5.727e-02 +1.167e-03
+4.803e-02 316e-03
+3.879e-02 - -1 980e-02

2 -02 - 8e-02
2 0a5e 305803

S, Mlses

(F19: 75%)
+;.913e+01
+8.175e+00
+7.494e+00
+6.813e+00
+6.132e+00
+5.451e+00
+4.770e+00
+4.088e+00
+3.407e+00
+2.726e+00
+2.045e+00
+1.364e+00
+6.82%e- 01

+1.838e-

S, Mises U, U1
(F19: 75%) — +8.398e-02
+3.908e+01 +3.908e+01 +7.359e-02
+8.079e+00 B . i116e-01
+7.406e+00 | $1.025e-01

+9.330e-02

+8.416e-02 +3.205e-02
+7.501e-02 +2.166e-02

+6.586e-02 +1.127e-02
+§467T:-02 p = +Q8.58062e6034
+4.756e-02 -9.501e-

+3.842e-02 -1.989e-02
+2.927e-02 + -3.027e-02
+2.012e-02 ~ -4,066e-02

ses
9: 75%)

+1. 825e 03

(12)

U, U1
+8.284e-02
+7.256e-02
+6.227e-02
+5.199e-02
+4.171e-
+3.143e-02
+2.115e-02
+1.086e-02
+5.808e-04

S, Mises
(R 75"..) £159: 75%)
[ 2e+01 4 +3.902e+01
+7 972e+00 +1.104e-01
i +7.308e+00 - +1.014e-01
+6.644e+00 +9.230e-02
+ 79e+00 .325e-02
+5.315e+00 +7.421e-02
+4.651e+00 +6.516e-02
+3.987e+00 - +5.611e-02
+3.323e+00 - +4.706e-02
+2.659e+00 - +3.801e-02
4e+00 - +2.896e-02
+1.330e+00 : +1.991e-02
+6.660e-01 2
+1.818e-03

(15)

U, U1
+8.178e-02
+7.15%e-02
+6.141e-02
+5.122e-02
+4.104e-02
+3.085e-02
+2.067e-02
+1.048e-02

S, Mises S, Mises

(F19: 75%) (F19: 75%)
1 +3.897e+01 +3 897e+01
+7.863e+00 +1.092e-01
i +7.208e+00 - +1. .003e-01
+6.553e+00 +9.130e-02
+5.898e+00 +8.235e-02
+5.243e+00 +7.341e-02
+6.446e-02
+5.551e-02
- +4.656e-02
+3.761e-02
+2.866e-02
+1.971e-02

+1.817€-03

-2.007e-02
-3.026e-02
-4.044e-02

(18)

U, U1
+8.094e-02
+7.083e-02
+6.072e-02
+5.061e-02
+4.050e-02
+3.040e-02
+2.029e-02
+1.018e-02
+7.167e-05
-1.004e-02

S, Mises
(F13: 75%) 1 75%)

+3.893e+01 { +3.893e+01

M 7793e+00 M .3 083e-01

| +7.144e+00

+6.494e+00

+5. o45e+00

.5
+4.619e-02
+3.731e-02
+2.844e-02
+1.957e-02

-2.014e-02
-3.025e-02
036e-02

+1.950e+00
+1.300e+00

+6.511e-01
+1.820e-03

+1.820e-03

(19) (20) (1)
B3 FARBFINRESHEBLFIEETRITERWE AFLEEE
F:(1) ~(3).(4) ~(6) .(7) ~(9) .(10) ~(12) | (13) ~(15) ((16) ~ (18) .(19) ~ (21) 435 K & h AR S R 75%
80% 85% 90% 95% .100% ,105% WISk e KW 7 (IRFE X fge KW 7 R B Sk 1l SMIl i 7 = 1
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MR B F KT 60° i), B Sk 35 B XU RS W] g
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WFFEH ) ONFH A5 BT S5 3L F JIC C1 A 44 4t
W R Sk HT AR B A RSN B fR 38 R 70°, ELKG
IFE AR E SN e SR AR FR ) 30% o X 4L B
A —E W R BRPE  HA AT A i R 58 ONFH
O, B —E AR . AP R g — T
I IX B B VAR 2 ARG EZHF R, fe
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FarsEm . BRI, BB Sk I ) K7 55 3 B
YIRS SRFE X N Ay B vt 25 52 il Je Sk 7 g 4% 328
T VA B Sk R KU B T AR R AR
Escudier® ™ (BFFE & BL, e 3k 32 11 X 5 30 X
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KN R R SEINB B, R IRAT L), 4
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20. 3SR B Sk B KN ) VIR BB IX e K ) IR AE
XERAMBE T MSR<20.35 B, X451y
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B, S LR R B LR TN E
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BB MBS IE R o DR, FRATIA N 8 v LAl Je i 2 R i

BRI RLEFFMERTTTEE , PFRARBE Sk B b XU
AR R BRI : OB R T 3 A @Rk
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