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Biomechanical Effects of Curved Periacetabular Osteotomy on
the lumbar Spine

XU Shisen', LU Ning®, XU Ping', LI Wenjin®

(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming
650504, China; 2. Department of Orthopedics, the Second Affiliated Hospital of Kunming Medical University,
Kunming 650101, China)

Abstract; Objective To establish preoperative and postoperative femoral-pelvic-lumbar spine models of patients
with developmental dysplasia of the hip (DDH) and healthy volunteers and to study the biomechanical effects of
curved periacetabular osteotomy on the lumbar spine. Methods Preoperative and postoperative femoral-pelvic-
lumbar spine DICOM data from four patients with DDH and one healthy volunteer were acquired using CT
scanning technology, and a three-dimensional finite element model was constructed. The offset method was used
to divide the cortical and cancellous bones in Geomagic and the lumbar cartilage, sacroiliac joint, pubic
symphysis, and other cartilages were added to SolidWorks. The model was analyzed using ANSYS for finite
element analysis, and the gait was the mid-stage of single-leg support during slow walking. The biomechanical
changes in the lumbar spine of patients with DDH before and after surgery were analyzed and compared, and the
biomechanical data of the lumbar spine of patients after surgery were compared with those of healthy volunteers.
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Results
results obtained by the established models under each working condition were within the range of the referenced

The femoral-pelvic-lumbar spine models of four patients and a healthy volunteer were established. The

literature, and the validity of the models was proved. The postoperative stresses on the lumbar spine, femoral
neck, annulus fibrosus, and nucleus pulposus were much smaller than those of the patients in the preoperative
state, and the postoperative stresses on the lumbar spine, femoral neck, annulus fibrosus, and nucleus pulposus
of the patients were similar to those of healthy volunteers. Conclusions Curved periacetabular osteotomy
significantly reduced the stresses on the lumbar spine and intervertebral discs. Additionally, the stresses on the
annulus fibrosus were more uniform after surgery, which indicated that curved periacetabular osteotomy will adjust
patients to a healthy state. This study provides a biomechanical basis for the clinical treatment of DDH and helps
optimize surgical plans.

Key words: development dysplasia of the hip ( DDH); curved periacetabular osteotomy; femur-pelvis-lumbar

spine model; finite element method

#i 17 & B A R (development dysplasia of the
hip , DDH) /&7 245 R JsAF N IL A — B BRI
TG R B i S BOUE S R A MUE A&
BOREME O T O R SR AT AR HE R
i, DDH A2 3%  F 4 b ks 1 7, 2 —Fh
S 1] T2 PERRIEOCTT BN , FE  Je K FREE LI
SEBUR R R A, Bl 20 B RRILY

1988 4F, Fit -1 /K Je BE Bi & %4 B FH & &K Ganz
KL BANAE T —F 44 09 Bernese fi F1 J] Fil 8
AR AR5 %E BE A G, B R
()36 Sl R /1N, e 50 AR 20 A 422 5I0E , S
HC I 2% Sf RT3 G i 2 ) 7T 8 B £ B8 91 R AL
/Mo 2 Natio 55 BUR T, #0CH 8 9IOE A X T4
A ] R AP AR, ) 308 2 o 32 5 PRI 8 I, 1 e oK
BAR , S AR B A G T ARSI, 2R SR AR 9K
EHEBE AR,

B8 077 R B ME AR 8 1Y T A 3R IR A % 1 o g
R, PR EL Ay PR2RY 9858 56 5 0 2 X B M £t e ™ 2
AN RS | R IEEARE A 5 U, 2 5 Wi IR A S 7 11 6
AT X PRI M HEIELE S AE. Ren %51 W50
B, Crowe IV DDH S5 FR 3 S 108 A - 2
B, AR Ay A T A A 32 T o A T I B
Newell %5 XL A AF FIALHIFF I, (0 H 4
ST EME—BRE AR Y AT R B — B - I MEAS Y
FEH N ER AR A ] 43R AR A I HIEEE G 3K
ALY A 3 2 R P EAT WSS, BT 3 S A R, 5 A
S B2 T 5 . Daley % RGA
T DDH A7 1 FRLECR A BT A R AE A
FARLE A S B 2 A, BRI XX — 2B A AT

AT WEAHE 5 B 0 A5 ) ) 24 0 5 e A i,
RIS A #E R IG7 DDH B 5 B Y 1247
b, AR SCHEST T B — B 4 - WEME ) — 2 A BR T AR
AU SEEXT LY 1 2 g R R B R 4 41 DDH B TR
G A LF R38R BEAZ AR 01 2284k, i — 2 4%
MroeRE DDH X REAE A 9 1 24 (0 5, F 5% 45
Shy 3 A A A ) 0 2 Fe S OIOR 8 A TR B
RIS LA

1 #R57E®

1.1 #HRIIFH

VEHUE S 1 44, BEAE JCHE R 456 W
AN B, 28 X 2R HEBR A IR . DDH
SR7E . DDH B 4 4,4 X LR AR Wl A7 00
DDH, 1452 T FARIGIT,5 328 %1% 3L 56 50
T, HEERER, ZRAENEEEERLE 1,
®1 BREAGKESR

Tab.1 Basic information of the subjects

il ) B iR/ em M kg
e 7 162 51
e E’q 153 43
BE2 I 158 57
B3 5 175 58
B4 7 165 57

1.2 CTHIER&E

FIH 64 HEWRE CT, X 8% 5 DDH &
FARATIT MEERE L1 2 e 58 20 U b ) A T i 2245
5 AEZE N 2 mm 4T E KIMZ, LI DICOM %
HORAF, LIS Je St



EREMAE $£39% FS5H 20245108
918 Journal of Medical Biomechanics, Vol.39 No. 5, Oct. 2024

1.3 =477 kR

H CT B S A Mimics 21. 0 H, PR B 70
Rl HL e SRR N R E (DL 1) o S5 2R o,
LT IE R, B H W Tk e 2w el ok,
AR SRR R B A0 22 TR AR Y | T DIAR G AR B
73 B 52 W2 BE FF & B H BROIh A B TR
Geomagic Warp 2021 HFoRf Y 3 1 4k 3O | fdi H]
D% D REAS B4 B BB AR DR RS 2 mm A AR BT

(a) DDHSEHHERT
1 FREBEXTEEXE
Fig.1 Structural difference of the hip joints (a) Hip joint

(b)  IEFHERF

of DDH patient, (b) Normal hip joint

7E SolidWorks 2022 H it isf 37 41 iy 4 44 72 £F 4
N TN SR N IR N AR R S )
AR P AR IR L 1 mm , B2 A
[ AL 40% , Sk B i M RHRR B 0 3 21
4 JR R DU T A P A C3D4 Rl 43, FH 3% B e AR R
PV A A BB I 3T
£2 MEERAMHSH

Tab.2 Model related material parameters
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