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Abstract; Objective In order to simulate different angles of acetabular blocks that need to be adjusted during
operation, the optimal angle was determined through analyzing the contact stress and contact area of cartilage
around the hip joint, so as to provide an individual scheme for acetabular osteotomy. Methods The finite element
models for development dysplasia of hip (DDH) and normal pelvis were established to investigate morphological
characteristics of the acetabulum and the causes of stress concentration. To simulate osteotomy for the DDH
model, a total of 20 postoperative osteotomy models were obtained through the combination of different angles for
anterior rotation and lateral rotation of acetabular blocks, and the differences in optimal results of the models
during simulated one legged-standing were compared and analyzed. Results The maximum contact pressure of
acetabular cartilage in normal model was 7. 85 MPa.The maximum contact pressure of acetabular cartilage in
DDH model was 13.42 MPa. The optimal contact pressure after simulated osteotomy decreased to 8.49 MPa,
and the contact distribution was improved more significantly. Conclusions Changing the anterior rotation angle
can significantly improve the contact pressure distribution and size, as well as stay away from the preoperative
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lesion area, which has a positive impact on postoperative outcomes. Personalized osteotomy plan based on

actual situation of each patient before the operation is crucial for the surgical effect.

Key words: arc osteotomy; developmental dysplasia of the hip (DDH) ; pelvis modeling; pre-operative planning
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Fig.2 Simulated osteotomy (a) Preoperative LCEA = 11°, ACEA =27°; (b) Postoperative LCEA =25°, ACEA =27°;

(¢) Postoperative LCEA=30°, ACEA=27°; (d) Postoperative LCEA=35°, ACEA=27°
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Fig.4 Finite element model of DDH pelvis (a) Front view, (b) Rear view, (¢) Front view of cancellous bone, (d) Rear view of cancellous bone

(b) JFHLE

(d) RJFLCEA=35°, ACEA=27°

H BB 2 7] AR5 14 45, @ 57 DDH A7 FRICHE R
w4 pis,

%1 DDHEEMEFEEALALMBENURATHEN]

Tab.1 Attributes and number of units for tissues in DDH model

and normal model "

S=Rial A gE Y RN=]
- DDer%iﬂ 1EH j‘%ﬁi T —
FRITEL RITHL MPa
25Ny 502 098 487 923 17 000 0.30
/NN, 518 327 503 142 70 0.20
e 142 166 124 140 15 0.45

£2 BHRAARANIELERESTey
Tab.2  Nonlinear spring element parameters used to simulate

various tissues!!""?!

k )3 vACllES .

s ifﬂfg ﬁﬁﬂgg T
HERE BRI 0.01 700 1
HLAE 5 A 0.01 400 1
AR S5 K Al 0.01 1 000 1
ACHE B (B 0.01 2 800 1
AR LS T 0.01 1 500 1
AR 0.01 1 400 1
iR eIkt 0.01 543 1
RERM 0.01 108 1
B 0.01 195 1
AL 0.01 43 1
G B )ty 0.01 120 8

(o) FABE IERL A

(d) RABE SRR



EREMAE $£36% F3H 202156 A
380 Journal of Medical Biomechanics, Vol. 36 No.3, Jun. 2021

AR SCHE R Naito 25 240 KR AT #8045 A9 O 12 ][] T 28 nt , i RO R S R 2
HTEE ., FAERE PR P EES TR TR BT ER WY, Sk, 5 o i aCR
Ber g BEIE R LCEA R ACEA fEYE WUBRMIBR S 5 MR LAAN 5 A~ A i,
FEI B R A B U Sk R BLA o ek SRR E A — /N, X IE H LRt in 450 N
O, 4 3l LCEA 7 1n) BORE ff1 BE Ol 25°,30° .35, Jj (MRS I 54 kg, A SRR 5 57 85, 7 B A6 00 e
40° 45°, 0] ACEA J7 [n] URE £ J& 24 30° ,35° ,40° 1l () 7 38 AL Ry A 5T 0 B SRR BT & BPOS/6 4R T
B BEREHY 270, &AM 1 DARATERLRT 20 4> 1)) X DDH BRI it in 450 N Sy (4K 5 A

ANJEHAL, 54 kg) o X TARLAME S, IT R LT RGeS A
1.3 aRFmEBEEF ABAQUS [t ( standard ) B

DFRNAA LT B AT, =
PR 1) BB 3 ST o 7 MR R TE R A S B 6 A -
B, 7 Hypermesh His B85 F1 4 15 8 4% H 52 1 B 1 DDH AR F 0 1 107 3 43 A 7T
B 2 I R T A, U A PO R S S . 0, IE R L O E A A R ), B Ay
MR T A rhe2 BAICHERE, Ay M 1AW AR AE S 00 X I8, 4 b AE ) T P B R
T T 5 P A T, SR P AR A B 104 7.85 MPa, DDH BRI fih 37 5 43 A £E I Sb
FE 5 NS T P E AT R, SR B RO RO AT T g, A R e B L0 R O, B R A R A
FF—Fe, TERRE B0 A OSSR InE 13.42 MPa( LK 5) .

CPRESS
+1.342e+01
+1.230e+01
+1.118c+01
+1.007¢+01
+8.947¢+00
+7.829e+00
+6.711e+00
+3.392e-H00
+H473¢H00
+3.353¢+00
+2,2'§7c+00

+H0.! (J(JU +00

(a) RRTDDHELRY (b) IEHAER (¢) LCEA=35°, (d) LCEA=30°, (e) LCEA=40°,

ACEA=27° ACEA=35° ACEA=35°
E5 BERSENERENST
Fig.5 Contact pressure distributions on acetabulum cartilage (a) DDH model before operation; (b) Normal model;
(¢) Postoperative LCEA =35°, ACEA=27°; (d) Postoperative LCEA =30°, ACEA=35°; (e) Postoperative LCEA =
40°, ACEA=35°
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