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Biomechanical Finite Element Analysis of Hemipelvic Prosthesis
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ABSTRACT Objective: To establish the biomechanical characteristics of hemipelvic prosthesis replacement with posterior lumbar
pedicle screw fixation by a three-dimensional finite element model. Methods: Finite element methods(FEM) of normal pelvis, hemipelvic
replacement and hemipelvic replacement combined with lumbar pedicle screw fixation were established using thin-layer CT scanning
(TLCS). With a vertical load of 500 N applied to the upper plate of the 4th lumbar vertebra,we analyzed the stress distribution
characteristics of different models. Results: Compared with the finite element model of the pelvis, the stress distribution of the healthy
side in the model of hemipelvic replacement is mainly located on sacroiliac joint, acetabular fossa and the pubic bone,and at the other
side, it appears on the pubic bone connecting arm, acetabular cup and the fixed position between sacrum and iliac bone prosthesis. The
maximum stress appears on the pubic connection arm and was 65.62 MPa. However, the stress of the healthy side and the fixed position
between sacrum and iliac bone prosthesis relatively decrease after combining with lumbar pedicle screw fixation. The stress distribution
mainly focused on the lumbar pedicle screw, titanium stick, pubic bone connecting arm and acetabular cup. The maximum stress
appeared on the lumbar pedicle screw, and was 107 MPa. Conclusion: Combined with lumbar pedicle screw fixation,pedicle screw and
titanium stick share partial stress on the sacroiliac joint, acetabular fossa and the pubic bone of the healthy side and the fixed position
between sacrum and iliac bone prosthesis at the replaced side.It reduces the stress concentration and the risk of postoperative pelvic
damage. To a certain extent, it increases the stability of the pelvis after hemipelvic replacement.
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Table 1 Value Of Bone and Hemipelvic Prosthesis
ket PP (GPa) AR LE % (kg/m’) Eligie T A Pt
Materials Modulus of Elasticity(GPa) Poisson's ratio  Density(kg/m’) Elements Nodes Types
BT
17.00 0.30 1800 47512 23724 S3R
(Cortical bone)
PR
0.15 0.20 290 208134 40697 C3D4
(Cancellous bone)
A Gl
110 0.30 4500 57261 14206 C3D4

(Hemipelvic prosthesis )
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Fig.4 Stress distribution of Normal Pelvic
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Fig.5 Stress distribution of hemipelvic replacement
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Fig.6 Stress distribution of hemipelvic replacement combined with lumbar pedicle screw fixation
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Fig.7 Stress distribution of pedicle screw

WS, EB AR RAZ B B BT, B MRS ST
AT TR AR o (BRARMI AR, Ty B, DA B e 5
AEE TR e AL 8 AR SR B B E y F, AA A R ) A
AL, BB AR S B 2 A RAFAVCELE  BE A S B 4
HFass . BEE R T R 65.62 MPa By )0 1WA, d A
J12EFBERRRE T AT 2RI R 2 A T kAt
ATNEREAE = AR BT B 5, NEAE A 3% B A2 RN BRI, i T
HERI LA S W e, o B IEE 5 ARE(AR A4 17 ) G 403 o e 5 AR IR
BT Rt AR e R T B ] AR BT AT R B LB T 107
MPa R JJIEME , /N TERA SRR RPTHIR B 965 MPa FlE Ik
SR 905 MPa, 7EIEF ST T 2RIk - HES RET RG R E
Ao XTELIEL 5.6 f i 8 0 R T 10 T & BN, A S5 AR SR T
Je ARG ST R Ak 1 R 1A N, EL A% 1) SRR
N g 2= el 2 b = A W G B W VA RN, i< DG BT A N
15 B WE A =5 AR B AT 81 A J5 — 4 43 Iz Tl 2ot M 5 AR BT e
P 5/ A% 1 BRI e AL, B IA R BEAMI 1) T A%
5, A E T N A AR R - I A AR B
BRI FT , A IR G REARA S5 B AR KU, , — e A
FE L3N T B A B R B AR . MM S WS &

BATIE S5 MESARET SR B 5T 1 R G e IERR B B e b BA
RAFRORREE , #5Fhizs slpRAE T O 3 B2 W s b , AT 4
FRIERE A IR E YA 2703 AR SE g P AT I S Al =5 AR
FI SRR E R E 5 AN AL . 53— 5T HES AR TRE B
RN VROR  TEBUA B AT Bk — 2D s Al IR 82
PRERAE S B I BE B A, T ELHBEARE A 1T 4 m T AR
FARAMERE KT ARG A I AIHG I, PR Bl — e L |32 35
Wi, 5 | EC R HE AR AT B BB 722 , W AT BT R A Bl I 2L 1) XU , BT LA
S LIRS HEHEAE 5 LR E T 1 AT R — 2L RS
F TR MR DTSR 2 FELULPA ER e, JUL PR e 1
AR, JEEE S LA PR 2R EATAT BROT 3T , SO RIS -804 %
JEMUIA R 1 53 A3 B2 5 Hh T ARS8 o7 B AEE 4 1
AT, 0 Loz AR =5 AR ARET T2 , MEN] AL 5G9
SR A M ICTE T AL R GE PR AL, 2 2 X S B 2 2R
T RARN 122 o HAWFFAEAL 3BT T AU 3 57T B0 3155
s el s 2 R N 1 VAN N B3 2N N i B il A
JURERY, DL HEIME 5 MR E TR X[ 2 M 8] il 15 25 A [+)
J7 B A AR SRS LR AT L
£ % 3L #k(References)
[1] Bloem JL, Reidsma II. Bone and soft tissue tumors of hip and pelvis
[7]. Eur J Radiol, 2012, 81(12): 3793-801
[2] Houdek MT, Kralovec ME, Andrews KL. Hemipelvectomy: high-level
amputation surgery and prosthetic rehabilitation [J]. Am J Phys Med
Rehabil, 2014, 93(7): 600-608
[3] Shoji S, Nakano M, Yamamoto S, et al. Surgical resection using
retroperitoneal approach for solitary fibrous tumor in the pelvis [J].
Oncol Lett, 2011, 2(4): 675-677
[4] Hoffmann C, Gosheger G, Gebert C, et al. Functional results and quality



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol17 NO.5 FEB.2017 - 855 -

of life after treatment of pelvic sarcomas involving the acetabulum
[J]. T Bone Joint Surg Am, 2006, 88(3): 575-582

[5] Mayerson JL, Wooldridge AN, Scharschmidt TJ. Pelvic resection: cur-
rent concepts[J]. J Am Acad Orthop Surg, 2014, 22(4): 214-222

[6] Kralovec ME, Houdek MT, Andrews KL, et al. Prosthetic Rehabilita-
tion After Hip Disarticulation or Hemipelvectomy[J]. Am J Phys Med
Rehabil, 2015, 94(12): 1035-1040

[7] Vukicevic S, Marusic A, Stavljenic A, et al. Holographic analysis of
the human pelvis[J]. Spine (Phila Pa1976), 1991, 16(2): 209-214

[8] LiJ, Stewart TD, Jin Z, et al. The influence of size, clearance, cartilage
properties, thickness and hemiarthroplasty on the contact mechanic
soft he hip joint with biphasic layers [J]. J Biomech, 2013, 46(10):
1641-1647

[9] Li Z, Kimb JE, Davidson JS, et al. Biomechanical response of the pu-
bic symphysis in lateral pelvic impacts:A finite element study [J]. J
Biomech, 2007, 40(12): 2758-2766

[10] Li Z, Alonso JE, Kim JE, et al. Three-dimensional finite element
models of the human pubic symphysis with viscohyperelastic soft tis-
sue[J]. Ann Biomed Eng, 2006, 34(9): 1452-1462

[11] Dalstra M, Huiskes R. Load transfer across the pelvic bone [J]. J
Biomech, 1995, 28(6): 715-724

[12] Dalstra M, Huiskes R, Van Erning L. Development and validation of

a three-dimensional finite element model of the pelvic bone [J]. J

Biomech Eng, 1995, 177(3): 272-278

[13] Anderson AE, Peters CL, Tuttle BD, et al. Subject-speciic finite ele-
ment model of the pelvis: development, validation and sensitivity
studies[J]. J Biomech Eng, 2005, 127(3): 364-373

[14] Phillips AT, Pankaj P, Howie CR, et al. Finite element modelling of
the pelvis:inclusion of muscular and ligamentous boundary conditions
[J]. Med Eng Phys, 2007, 29(7): 739-748

[15] Beti, Bd kg5 ARAALIEFABRAERS T AL
14 FARTSH ] FBEALR ZREHFR, 2012, 16(13):
2300-2304
Lian Shi-hai, Tu Chong-qi, Zhang Qiang, et al. Biomechanical finite
element analysis of the pelvic in a standing position following modu-
lar hemipelvic prosthesis replacement [J]. Chinese Journal of Tissue
Engineering Research, 2012, 16(13): 2300-2304

[16] 7 2,30 353, SR HAR, 5 A5 B AT 5 BB RAHE 3 ARAT R B R 2 %
WA ZE PO ED N FERND] TRAR LS EREL,
2008, 12(22): 4377-4379
Su Ru-kun, Liu Xing-mo, Deng Ying-hui, et al. Biomechanical evalu-
ation of connectible skills using iliac screw and lumbar-sacral spine
pedicle screw in the fixation between lumbar-sacral spine and pelvis
[J]. Journal of Clinical Rehabilitative Tissue Engineering Research,

2008, 12(22): 4377-4379

(#5843 TT)

[11] & w34, POOPLAD % & 5B 40 L 2 % . 4 AL 2B O % v v AR
XHR(D]. %W E EXF M (F4H), 2007
Cao Xiao-Rui. Effects of POOPLAD on Osteoclastogenesis, Differenti-
ation of Osteoclast and Bone Resorption[D]. Fourth Military Medical
University, 2007

[12] Kim C W, Seo S S, Kim J H, et al. Factors affecting the osteolysis
around the components after posterior-stabilized total knee replace-
ment arthroplasty[J]. Knee Surg Sports Traumatol Arthrosc, 2015, 23
(6): 1863-1869

[13] Kandahari A M, Yang X, Laroche K A, et al. A review of UHMWPE
wear-induced osteolysis: the role for early detection of the immune
response[J]. Bone Res, 2016, 4: 16014

[14] Harslof T, Langdahl B L. New horizons in osteoporosis therapies[J].
Curr Opin Pharmacol, 2016, 28: 38-42

[15] Kotrych D, Dziedziejko V, Safranow K, et al. TNF-alpha and IL10

gene polymorphisms in women with postmenopausal osteoporosis[J].

Eur J Obstet Gynecol Reprod Biol, 2016, 199: 92-95

[16] QiJ, HuK S, Yang H L. Roles of TNF-alpha, GSK-3beta and RAN-
KL in the occurrence and development of diabetic osteoporosis[J]. Int
J Clin Exp Pathol, 2015, 8(10): 11995-12004

[17] Ramos-Casals M, Brito-Zeron P, Munoz S, et al. Autoimmune diseases
induced by TNF-targeted therapies: analysis of 233 cases[J]. Medicine
(Baltimore), 2007, 86(4): 242-251

[18] Pouillon L, Bossuyt P, Peyrin-Biroulet L. Considerations, challenges
and future of anti-TNF therapy in treating inflammatory bowel dis-
ease[J]. Expert Opin Biol Ther, 2016,16(10): 1277-1290

[19] Chan F K, Chun H J, Zheng L, et al. A domain in TNF receptors that
mediates ligand-independent receptor assembly and signaling[J]. Sci-
ence, 2000, 288(5475): 2351-2354

[20] Chan F K. The pre-ligand binding assembly domain: a potential target
of inhibition of tumour necrosis factor receptor function [J]. Ann

Rheum Dis, 2000, 59 Suppl 1:150-i53



