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Abstract

BACKGROUND: Transverse acetabular fracture often involves the damage of anterior and posterior
columns of acetabulum. The most popular fixation of the anterior and posterior columns needs the
combined anterior and posterior approach. Big trauma is not conducive to patient’s recovery after surgery.
Limited incision or percutaneous minimally invasive lag screw placement can reduce soft tissue injuries,
but the strength of the fixation lacks of biomechanical verification.

OBJECTIVE: To compare different types of fixations for transverse acetabular fracture, explore the
appropriate fixation options that can achieve effective fixation and reduce tissue injury by combing with
repair approach and the condition of soft tissue.

METHODS: The fourth generation of synthetic semi-pelvic sawbones was set as a template to establish a
model of acetabular transverse fracture using finite element analysis. Five different fixation options were
used to fix the transverse acetabular fracture. The magnitudes of anterior and posterior displacement of
transverse fracture were compared to assess the stability of different options under a simulated condition
of incomplete weight bearing stand.

RESULTS AND CONCLUSION: The motion at anterior column was minimal when fixed by anterior
column locking plate + posterior column screw and the minimum displacement at posterior column was the
fixation of anterior column screw + posterior column locking plate. Both of the motions of these two
fixations were less than the reconstruction plate fixation respectively. The worst fixation was the anterior
column and posterior column lag screw fixation with the largest displacement. The anterior column locking
plate + posterior column screw, accomplished by single approach, could not only reduce surgical trauma,
but also has a stronger stability. Moreover, this fixation option is effective method to place posterior column
lag screw under direct vision and reduce the difficulty of screw implantation.

Subject headings: Acetabulum; Fractures, Bone; Internal Fixators; Finite Element Analysis;
Biomechanics; Tissue Engineering

Cite this article: Zhou JF, Li JT, Zhang H, Li C, Yin P, Li ZR, Chen YX, Tang PF, Zhang LH. Different
fixation methods for transverse acetabular fracture: a finite element analysis. Zhongguo Zuzhi Gongcheng
Yanjiu. 2016;20(13):1911-1917.

0 3| Introduction
TR TR BB R Y —, HoAh R T T o
T TR, R T I30%-42% 2, £ i

A B A BV M e e R S S A R )
HEETHT AT, s R T BT R Rl B R, R
FIREPE, 2SR BESC Q0 Ja %1 R LR N2
—B T RERATEATO RS, & RS
CL VT A2 7 ] s TR TR LS 52467,
Weni i e, LIYITHREB, DA RO AT I H .

LT I PR b 2 4 P S8 S A AR T I T 45 FURRAT 8 47
HITREREAEREAT (M5, DO I 20 0 e 9B 5 o B A AR
F BREE AN AR 1 Sk 3 11 2 1] [R5 ) 4 45 [ 5 988
ity ZEAR PRI AR DR S SR TS, AP AE TR 1]
Ko P AN AL B A I 88 P 58 ) AL, LT AR 22 SR i

1912

JRBRA NBRIEAT TR, SRALIBR, AR T ARG
WS o Ak, BUEAIR A, 2 B s IR IT R L R AE
I R4 7 8R4T AR A PE A BOZ S 7 N h T FE 7,
O TR B0 FIRA T B AR L 1B A i e g 2 B AR L AT
FARSE s AER T BUAEAN i XU 2 B [ 52 A T4 A7
SRICIIE S R S BRI L A3 2 B R T R
DIIFT7 3 e it 75 AU BN R T [ s 2 1 4,
SRAFAET RIS, AR 280 TR e A S8 A= T
) B e A K BRI R e v 25 1A AL, (ELECAT 2 D B 2 2310
P > I, ARG DTSRI A I AE Y
KA, HAWAERAE IO MRS RS ] 15
T AR M, BINHELL 2 A H]

TS H A2 T AR € 7 3, SRk sk Z AT
PR LR ) 22 S IRAIE o DR e SR B AT R ST Ay

P.O. Box 10002, Shenyang 110180 www.CRTER.org



JTREEE, F GO E BT ARG A 3 7 ¢

Crnens soumas et

0 EEANFI SRS (R AP ERAT J T, S iR 1B =
AN SR DL, BRI BE RS 1A S B0 1) [ 5 o
JE, RN B AL G55 A 2 e Ty e

1 ##FA%  Materials and methods
1.1 &t ARRITHr, YR
1.2 B Aes T20154FE3 429 FfEMR IR 45 S B2 e
e
1.3 ## 644 % 218 )ECT(SOMATOM Sensation
Open, Siemens AG, Erlangen, Germany), #H4tA
T & i 2F B 7 sawbones (MODEL3405# , Pacific
Research Laboratories, Vashon, WA), UG % #
(Unigraphics NX, Siemens PLM Software, Texas,
USA), Mimics(Materialise’s Inter-active Medical Image
Control System, Materialize, Belgian), 8/10f.3.5 mm
AN, 8/104L.3.5 mmuE# R, 110 mm. 7.3 mm
7.0 s JJWBET (Synthes, West Chester, PA, USA),
ABAQUSH [R 7T 4 #T# {4 (Dassault Systemes, Vélizy-
Villacoublay, France).
14 Fik
1.4.1 N, NH64HEZ 2B CTZ 234 ih 55
[H Pacific Research Laboratories ™ (/) 5544 N T4 H
Y #hsawbones, F14/2)50.625 mm, HLE120 kv,
H1%300 mA, 73%14067KCTK )}, LIDICOMES AR
FEF AMimics# A ZEMImics iR 155 BIAE, 1) A
SRR, BB R, IR B R R
T . M#EJudet-Letournel 4y 08, R AT R T 0
Preke ARt s, ST, 1T ARE K D)
B R, B 2 O, TG AR A T TR
K HIMimics 8 g i FARAT i $T A i . 3% Synthes
PR B e AR . AN LA AT ) BRET A5 N [ E A
Bl AEUGHAFH E L F AT A 10403.5 mmf) 21 4
MR s AR 5 A8 4L3.5 mim ) . 2 AN Al R s A Al
PAK110 mm. 7.3 mmif) b I RET o K E AT R K
DA [ s AR R 5 N abaqus £ B 76 23 T 3K A4 HR 3R AT 2 e A
PRSI 53 A RO

g3l r SR ] e 7 A B GRS : ORTAE+E A
PLIJIBET o @RTATIRET + )5 A AR . @RTATIRAT +)5
FEB AR . @HITAT AN AR+ 5 AT IR ET . ©HTA B e
BB+ IS AR ERET
1.4.2 BAJEME S BOE AT T L AN LA R
ETAE 0B m) . B & m RIPERARL, BRLE v

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

AALRL.

x1 EEBMREMEBATER
Table 1 Material properties and element type of the model
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Table 2 Anterior and posterior displacement in transverse acetabulum fracture fixed by different fixation methods
I 52 77 30 WAL ST

M1 2 3 M4 5 P M1 2 3 ) 5 g2
HIATURE T+ S AFIRET 0.1254 0.1257 0.1263 0.1252 0.1249 0.1255 0.1039 0.1086 0.1097 0.1108 0.1108 0.1087

BRI+ e AL B SR
AL SRR+ e AR E T
AR + o A AR
AR AL AR+ S AT HRET

0.0554 0.0555 0.0555 0.0554 0.0552
0.0546 0.0547 0.0550 0.0547 0.0546
0.0797 0.0800 0.0803 0.0805 0.0804
0.0730 0.076 0 0.0765 0.0770 0.0768

0.0554 0.0452 0.0461 0.0460 0.0460 0.0456 0.0458
0.0547 0.0532 0.0547 0.0548 0.0550 0.0547 0.0545
0.0802 0.0651 0.0653 0.0655 0.0657 0.0651 0.0653
0.0758 0.1055 0.1058 0.1063 0.1062 0.1060 0.106 0
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Figure 1 Displacement nephogram in transverse acetabulum fracture fixed by five fixation methods
BIVE: & A WHTHEHBRET I E TR 2K B A RTHBUE AR+ SAHRET € TR 2 Kl C A BTA: T AR + 5 AR IRAT [ 52 T %
Kl D ARAIRE] + S AT BUE ANAR A e T A SR E YR IRE] + 5 b E A AN AR A AR S

Bl E AN AR+ S AT IR AT B 18 5 1 J5 7 (RS AL 38 N TR
AN+ AEIRAT

22 WMAMATEIFRASH B L F X BLEH
JE1L.

L] O, R+ S AR AT AL (B LA) 2 ) P
AR, E B PAEMAT E 3T AT 5 LA 2R AT ok
A, FCARATEITIE 7 ARSI E AR+ 5 AR T R
M(EIB)Z JyJh, BB AL FEE A fEHE AT B, B
AT 8 AT AT G W B A e, B AR AT BN W
REEE AR + 5 AR ET B (R 1C) B AR A K,
S AERENT B, BT ET R T ALK, WOTH
PEAFGF AL/ 5 FTRE WRAT + )5 A Bt B AR 28 (1] 1D) 3 A
gt )y, R AERE T b, R T T o S T
BRI s AR MR ET + 5 AT A AR R 2 (181 LE)
SR LS 2R N N R R 25O N =
TN

3 {}i¢ Discussion
AT WA B 284, BARARYE Judet-

Letournel /) U4 T4 o fif B git™®, (FLG 28 2% 37 1

BUJGRE, HGMEF o0 i bR PR Ay, A T R i e i

1914

FATI AR DX, B IR S e 258 AR E 1. DT RALIN
JE A AR B TR IS bR . IR T
RAT B AT 22 KO0 ] DA SIEEI IR i [ 72 24 R o H i
5 oA V2 IR 2K Oh AR R A AROGS A T A R S A [
W] o A SCHRHRTE TR RIS IBA N BRI R 1Y) Stoppa
N (TN %) Kocher-Langenbeck A (Ja A ) %4 i
JE I N B AT S 8 [ A A 2220 (B0 T
KB AR E3T, WA TR T 8a 3 OB E
a8, AR FH EA N 56 LU SBR[ I 5 N AT S A
B LA & B4, DRI R R 2R K, IR i
I 2 SR F 5 16 G N B ST ) A3 A R I e ] o B
TRENEARLE B R 0, 2Rz 7 BRAT [ e 8 F AT e
R i 2 FEP, Farouk ZEMSHE H ) F A F R
TrABRYITE, WREAT B Pk T S AL I EAR AT HI i A iR T
W] e AT B A, AR b, Sz e, Hoo
B IR )2 5200 SR SL I e R (R Ak o AR
FIAA RICH 7738, Wb T BEAT B 3 oA [ P [i]E
7 AR E T . ARSI EN], B EBAT H 2]
F493 B /N ORI A+ AR AT ] e S e i i
Uiy T 5 BRI 5 T A A K, [ RO R e 2 o SR I
FEBRET + J5 KB B0 A I 2 9858 R AT 1 9 )5 T A% A I

P.O. Box 10002, Shenyang

110180 www.CRTER.org



JTREEE, F GO E BT ARG A 3 7 ¢

Crnens soumas et

N, R RS BT AE B AR+ S AR ET [ o s T A
FEB S AR+ o A RRAET [ e T T AL D, ST
PR T ATAEIRET + 5 AEBOE B, nl A BL By o ]
SENRAARIFREEN, X5 Khajavi 20K
Shazar P25 GURZEALL, E W] SRR AR [ 52 45 &b
WRAT [ 58 BEAT B 9T e % 08 SRS 1) [ 2 OR o A AR
P TBET B AKEAT B 7 R A 3] 5 I TAE AR, (58K
REPRUER o AR e Pk o nl B Y S AN B S8 e B 3 &2
B, BN T 5 A AR A e A, B R
NET RUBNHTAERL T IRET, s AA R 4ith, XRE
i 35 B B P T 5 AR, 5 8 e D R AT [ S AR LG
FEAIC T FARMESE, 98D T ARA I R, 18 B A
RITHR .

H AT BT T e, 2R iR A
20 S EETPS0, GEAEk, IR LT UG 2w B
BRI B TR TR TR, BT R I, RTREBE
WA 25 5 Ja AT MR AT [ 58 5 A0 AT BN AR &5 S S AT IR ET
[ A, BT ET s e LIRS,
SR A AERRAT &5 A o AT e AN AR S AT R ET 45 A
AR LR 15 AR R R 45 2 o FR AR - AR S AN
AR5 B T ) (1) R4 ) R AR [ o R, 75 AR AR P AR Al
R I AEREA, BT R 375 SR O Uk B il
B, DLORIE NS R ) 24 [ 2 o BE o HUE M R B S
A, REH W TEL WS IR, ARG T A,
W] RER 242 RN AR R A 93 [ AR s ek
H06 A 2 T 2RO PR 1 B R AR T e P BUR AL R, 51
AP O R . A, E RO T R XU
JRIE 5, HATRRAT TN S s Y A U233, 15 o e 4
BAHLG, BUE BN RG22 . Bie PR E e
TS 1 BAKGENRAT 5 A BT ThAeRY, AT R
FasetE, AR T R T, B35 kb 7 F AR,
HBRARTFARMERE o IC VR A BB I o, S ET BN
S PR . Mehin 2532 P 4B R A T 4
HEAT B S AR, 45 R W SRR B AT + 5 A
W s 2 S s e . Khajavi 2519 4E ) 2552
5 vh PR A A AR [ M T AT, LR A
AR A Ja A IR AT 22 S e W E PR . X e g
HR 2 A A e AR L AN AR LA S R AR 1, S AR
FLE FAHSL

Isaacson “5 VR FH i 1 1) Stoppa A % K 5 f5
FER AT I8 F i FT b AT EALFI I e, B R AR .
Chesser 2:571p) J¢ Elmadag 258 5% I ji A\ 2% 7 %)

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

I8 F B T REAT SR s R R A R T RN
oI, K Kocher-Langenbeck A B&3EAT
SR S B A O e A ™ 3 R A
SO R TN, SR RUAE B E WA 25 5 Ja AT R T
It 7 #E A RAT AT

AT WEAT I A7 BR 0 20 B R 3 52 s i AN
[, {F# L3 Pacific Research Laboratories 2f 7% (1)
o5 4 AU ARG % sawbones AR, AR HA4R
PRI RIS Gl S AT BR TR o 55 FH B S i AR
A, HEmEs ERA xR, AafEEELNE
PR GRS v R lr 3EAT BB . kA, B RE S R
sawbones Hf AT 1) AL W) ) A 2 B A A HEAT LB
Sawbones K154 245 2k ELAIE 52104, R g,
AHWFFAPIRAFAEA L Z Kb o ZWFFT LA S LA BB AR
P T ] 5 R REA T AL, L4 A R A5 S B
W IIEN L, ASRE TS AV 27555, AT 4
BT — P E .

Zr Pk, AT TR AR B E AN AR+ S AT
BRET MHT B 5E A FE 3, —Fh Bk R s> F A
P, X RESIAT RN 5E 1R 7

Bt EF BT MR K FRAZLITAR T E
ARSERE 307 EIR AT = 4 00 A FRASHT 7 B AT HY
LR o

1EE T BR% 55, FBEEXLE; @4,
SR Ao B RAR M IR R 69 A TRAUARE o gy ik FMbFed
BB L FNEE; MFMTRE G EASE mh TE;
R A IR 248 F R T &, FFEARLER.

FYZEMEE: FRA AR 3 FIATT L AR R A4 4 K.

R EER: XL F £ 2R AA AT FAr AL, A
| sawbones & 3 A TRUAER!, R R 2| & RELMMAAA
EZ AR

XELZE LFHMATCLE CNKI R 2|5 Lk
RAMATIREE.

XEHEF: AT FATRFIFHE, XFLENF
ATINFERFHE, FEAFILBEE.

TEERERG. LFH AR AT a6 B
B RSBAT A ARPETTAE, WL P HRAGRIEE N . 5B (0
A R )IL R BAER IR AR o F A4
%, TEZHEE,

XEMR: XFHRATEE T2 REHERBALE
T mARAE K WL,

1915



IR, B RO BT T A YR P 1 7

G

@fﬁ;—? WWW.CRTER.0rg

4 HEXHER References

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

1916

Yildirim AO, Alemdaroglu KB, Yuksel HY, et al. Finite
element analysis of the stability of transverse
acetabular fractures in standing and sitting positions by
different fixation options. Injury. 2015;46 Suppl 2:
S29-35.

Geijer M, EI-Khoury GY. Imaging of the acetabulum in
the era of multidetector computed tomography. Emerg
Radiol. 2007;14(5):271-287.

Borg T, Hailer NP. Outcome 5 years after surgical
treatment of acetabular fractures: a prospective clinical
and radiographic follow-up of 101 patients. Arch
Orthop Trauma Surg. 2015;135(2):227-233.

Laird A, Keating JF. Acetabular fractures: a 16-year
prospective epidemiological study. J Bone Joint Surg
Br. 2005;87(7):969-973.

Collinge C, Archdeacon M, Sagi HC. Quality of
radiographic reduction and perioperative complications
for transverse acetabular fractures treated by the
Kocher-Langenbeck approach: prone versus lateral
position. J Orthop Trauma. 2011;25(9):538-542.

Qadir RI, Bukhari SI. Outcome of operative treatment
of acetabular fractures: short term follow-up. J Ayub
Med Coll Abbottabad. 2015;27(2):287-291

Oberst M, Hauschild O, Konstantinidis L, et al. Effects
of three-dimensional navigation on intraoperative
management and early postoperative outcome after
open reduction and internal fixation of displaced
acetabular fractures. J Trauma Acute Care Surg.
2012;73(4):950-956.

Giannoudis PV, Grotz MR, Papakostidis C, et al.
Operative treatment of displaced fractures of the
acetabulum. A meta-analysis. J Bone Joint Surg Br.
2005;87(1):2-9.

Magill P, McGarry J, Queally JM, et al. Minimum
ten-year follow-up of acetabular fracture fixation from
the Irish tertiary referral centre. Injury. 2012;43(4):
500-504.

Harris AM, Althausen P, Kellam JF, et al. Simultaneous
anterior and posterior approaches for complex
acetabular fractures. J Orthop Trauma. 2008;22(7):
494-497.

Marintschev |, Gras F, Schwarz CE, et al.
Biomechanical comparison of different acetabular plate
systems and constructs--the role of an infra-acetabular
screw placement and use of locking plates. Injury.
2012;43(4):470-474.

Heller S, Brosh T, Kosashvili Y, et al. Locking versus
standard screw fixation for acetabular cups: is there a
difference? Arch Orthop Trauma Surg. 2013;133(5):
701-705.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

Gras F, Gottschling H, Schroder M, et al. Sex-specific
differences of the infraacetabular corridor: a
biomorphometric CT-based analysis on a database of
523 pelves. Clin Orthop Relat Res. 2015;473(1):
361-369.

Yi C, Burns S, Hak DJ. Intraoperative fluoroscopic
evaluation of screw placement during pelvic and
acetabular surgery. J Orthop Trauma. 2014;28(1):
48-56.

Farouk O, Kamal A, Badran M, et al. Minimal invasive
para-rectus approach for limited open reduction and
percutaneous fixation of displaced acetabular fractures.
Injury. 2014;45(6):995-999.

Xu M, Zhang LH, Zhang YZ, et al. Custom-made
locked plating for acetabular fracture: a pilot study in
24 consecutive cases. Orthopedics. 2014;37(7):
€660-670.

Liu Q, Zhang K, Zhuang Y, et al. A morphological study
of anatomical plates for acetabular posterior column.
Int J Comput Assist Radiol Surg. 2014;9(4):725-731.
Letournel E. Acetabulum fractures: classification and
management. Clin Orthop Relat Res. 1980;(151):
81-106.

Khajavi K, Lee AT, Lindsey DP, et al. Single column
locking plate fixation is inadequate in two column
acetabular fractures. A biomechanical analysis. J
Orthop Surg Res. 2010;5:30.

Bergmann G, Graichen F, Rohimann A. Hip joint
loading during walking and running, measured in two
patients. J Biomech. 1993;26(8):969-990.

Chang JK, Gill SS, Zura RD, et al. Comparative
strength of three methods of fixation of transverse
acetabular fractures. Clin Orthop Relat Res. 2001;
(392):433-441.

Matta JM. Operative treatment of acetabular fractures
through the ilioinguinal approach: a 10-year
perspective. J Orthop Trauma. 2006;20(1 Suppl):
S20-29.

Connelly CL, Archdeacon MT. Transgluteal posterior
column screw stabilization for fractures of the
acetabulum: a technical trick. J Orthop Trauma. 2012;
26(10):€193-197.

Kumar A, Shah NA, Kershaw SA, et al. Operative
management of acetabular fractures. A review of 73
fractures. Injury. 2005;36(5):605-612.

Oh CW, Kim PT, Park BC, et al. Results after operative
treatment of transverse acetabular fractures. J Orthop
Sci. 2006;11(5):478-484.

Schmidt CC, Gruen GS. Non-extensile surgical
approaches for two-column acetabular fractures. J
Bone Joint Surg. 1993;75(4):556-561.
110180

P.O. Box 10002, Shenyang www.CRTER.org



IR, B RO T BT T AR P 13 7 ¢

WWW.CRTER.Org

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

ISSN 2095-4344 CN 21-1581/R

Bozzio AE, Wydra FB, Mitchell JJ, et al.
Percutaneous fixation of anterior and posterior
column acetabular fractures. Orthopedics. 2014;
37(10):675-678.

Shazar N, Brumback RJ, Novak VP, et al.
Biomechanical evaluation of transverse acetabular
fracture fixation. Clin Orthop Relat Res. 1998;(352):
215-222.

Sawaguchi T, Brown TD, Rubash HE, et al. Stability
of acetabular fractures after internal fixation. A
cadaveric study. Acta Orthopaedica Scandinavica.
1984;55(6):601-605.

SR, R AT DT AR T AT ], R
6458 B 2% %,2010,1(11):1057-10509.

TRAKAR, SR 52, SRR A in s i A0 ARCLE 88 R 9 v )
N [I]. H A1 4R A% RE,2008,2(2):14-17.

Ji X, Bi C, Wang F, et al. Digital anatomical
measurements of safe screw placement at superior
border of the arcuate line for acetabular fractures.
BMC Musculoskelet Disord. 2015;16:55.

Carmack DB, Moed BR, McCarroll K, et al. Accuracy
of detecting screw penetration of the acetabulum
with intraoperative fluoroscopy and computed
tomography. J Bone Joint Surge Am. 2001;83-a(9):
1370-1375.

Gardner MJ, Helfet DL, Lorich DG. Has locked plating
completely replaced conventional plating? American
journal of orthopedics (Belle Mead, NJ). 2004;33(9):
439-446.

Mehin R, Jones B, Zhu Q, et al. A biomechanical study
of conventional acetabular internal fracture fixation
versus locking plate fixation. Can J Surg. 2009;52(3):
221-228.

CODEN: ZLKHAH

(36]

(37]

(38]

(39]

[40]

[41]

[42]

(43]

Isaacson MJ, Taylor BC, French BG, et al. Treatment of
acetabulum fractures through the modified Stoppa
approach: strategies and outcomes. Clin Orthop Relat
Res. 2014;472(11):3345-3352.

Chesser TJ, Eardley W, Mattin A, et al. The modified
ilioinguinal and anterior intrapelvic approaches for
acetabular fracture fixation: indications, quality of
reduction, and early outcome. J Orthop Trauma. 2015;
29 Suppl 2:525-28.

Elmadag M, Guzel Y, Acar MA, et al. The Stoppa
approach versus the ilioinguinal approach for anterior
acetabular fractures: a case control study assessing
blood loss complications and function outcomes.
Orthop Traumatol Surg Res. 2014;100(6):675-680.
Alexa O, Malancea RI, Puha B, et al. Results of
surgical treatment of acetabular fractures using
Kocher-Langenbeck approach. Chirurgia (Bucharest,
Romania : 1990). 2013;108(6):879-885.

Elfar J, Menorca RM, Reed JD, et al. Composite bone
models in orthopaedic surgery research and education.
J Am Acad Orthop Surg. 2014;22(2):111-120.

Basso T, Klaksvik J, Syversen U, et al. A
biomechanical comparison of composite femurs and
cadaver femurs used in experiments on operated hip
fractures. J Biomech. 2014;47(16):3898-3902.

Grover P, Albert C, Wang M, et al. Mechanical
characterization of fourth generation composite
humerus. Proc Inst Mech Eng H. 2011;225(12):
1169-1176.

Gardner MP, Chong AC, Pollock AG, et al. Mechanical
evaluation of large-size fourth-generation composite
femur and tibia models. Ann Biomed Eng. 2010;38(3):
613-620.

1917



