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Biomechanical comparison of acetabular contact characteristics after acetabular
transverse posterior wall fractures treated with three kinds of internal fixation
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Abstract

BACKGROUND: Acetabular transverse posterior wall fractures are a common type of complex acetabular
fracture, and mainly treated by open reduction and internal fixation. The main internal fixation device includes
posterior column reconstruction plate, posterior column reconstruction plate combined with anterior column lag
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screw and posterior wall screw, posterior column locking reconstruction plate combined with posterior wall semi cortical screw.
OBJECTIVE: To measure and explore the stress characteristics of acetabular articular surface after acetabular transverse posterior wall
fractures treated by three kinds of internal fixation methods by pressure-sensitive technique.

METHODS: Totally 12 fresh adult pelvic specimens were divided into 3 groups (n=4) by random number table method according to different
fixation methods. Group A: Acetabular posterior column reconstruction plate combined with anterior column tension screw fixation was
performed; group B: acetabular posterior column reconstruction plate combined with anterior column tension screw and posterior wall tension
screw fixation was conducted; group C: acetabular posterior column locking reconstruction plate fixation was carried out. The femoral head
pressure sensitive tablets, which were prepared as “lancet”, were affixed to the femoral head and subjected to axial load test at single stand
standing. The stress concentration area and peak stress of the acetabular articular surface were measured in each group.

RESULTS AND CONCLUSION: When the load was 600 N, the stress concentration area of acetabular articular surface in group A was
significantly smaller than that in groups B and C. The peak stress value of articular surface of group A was significantly higher than that of
group B and group C. There was no significant difference in stress concentration area and peak stress between groups B and C (P > 0.05).
These results indicated that during internal fixation for acetabular transverse posterior wall fractures, posterior column reconstructive plate
combined with anterior column pull screw, posterior wall screw and locking reconstruction plate combined with posterior wall semi cortical
screw can increase the contact area of the acetabular articular surface, and reduce the acetabular stress concentration after fixation. The
biomechanical characteristics of posterior acetabular posterior column locking reconstruction plate in the treatment of acetabular transverse
posterior wall fractures are identical to that of acetabular posterior column reconstruction plate combined with the anterior column tension
screw and posterior wall tension screw fixation.

Subject headings: Acetabulum; Biomechanics; Tissue Engineering
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Figure 1 Schematic diagram of acetabular posterior wall fracture
lines
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Figure 2 The
model of
acetabular
transverse
posterior wall
fracture
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Figure 5 Axial biomechanical
loading
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Figure 3 Internal fixation of each group of fractures
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Figure 6 Pressure
sensitive film shows
the image of the
acetabular joint surface
contact
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Table 1 Comparison of hip surface contact characteristics with
different internal fixations

51 FATTI AT A (cm?) WEAEL Y )3 (N/mm?)
A4l 4.32+0.05° 3.67+0.04

B4l 6.02+0.12 2.64+0.17

c4 5.88+0.10 2.7120.11

Fi: A 4l 10 AL S A QAR R S AT AR AT IR, [ e ke B AR
B AN T B T 2 A IS BE R T TANAR R s, ANAR A R F n
FRET B a7 N s B 4L 10 FL%I S AT E AR, 0 i AT 4
AT, [ A AR 45 T AN R B S R A T S e EAT I 52 s C 41 10 LS
FEBIE AR, [ ek A T AR P A T T AT I, R R T
ey 1] 5 R FH 21 3 o I e AT HEAT 5 . 5 B 4IATIEL, *P < 0.05; 5 C 4l
Fk, "P<0.05.

1.4.2 P RANBEERTT 12 28 AR A TS ALY
Y3, AR EILAM AR, AZL: 104115 iE
JE AT AR, RS AR T I, A AR A
NSRS AT E T A S B AT AN R S, 4N
B 3R I MRS T BV E X A AT I e . BZH: 10415

4377



T, B, T TAGE R AE R B BT I T 10 RS TR ) 7 < L)

JUBHIH TS, 2018, 22(27):4375-4379. DOI:10.3969/).issn.2095-4344.0238

G AT EEANAR, Y S RN AR TR, [ AR
S NS BT B AT AT R 5, ZIRW U TR i
P i KR B Ji B v T MRAT [0 BN 2 A Y0 R 3R AT i R ) 84T
KOFREZET BN . C4l: 10fUAEBE A, it
H AR S5 TR B S A T T e AT [, R RE R T [
SR FH 21 2 o R e AT AT [ (BB 3) o

1.4.3 AW HESL R IMIE YRS 2.5-10 MPa,
M2 g5l k, Hrh— 25 H U2 Mm%, MRNE B
s B RS S F O 6 A i B R A T A
J E R P T AN P S THI i s T IR AN 3420 43 A1
N g A F I X S A o i T A AT R O . SEEGIE
TEAE B Sk AT TRUNS B %o 45 45 X R - AR AT 4 25 1 )
TVE R BRSO I HEAT 4, IS AR T 5 HEAT 0 B
BB TCHENG . AW )2 SERO T TR kR g — 2R
B, PR B e o %o I X SR AT U B, TC AU B i
T — R OREENSE 11 AE S50 P RO T X A (B4) -

H LA TP — SO FER AR P, e [ e T
— 5 e R I ST FER 78 o S A S, A ST B3
HOvE FG AT FH DA UL = 44k 25 1) 3 ik SMC T G AT BT ASE 4L 1) — 4
20 (AR 2 B A T IR AR B A (B5) . B SEHEAT T
SCHG, 3150 N, 315 N/s, i fRbr A LR 5 .
SRS AARSE ST A, AT 600 N, S R 15 N/s, 4L
HEAT 3URBAT AL -

O 1 R0 TR 22 e P P 2240 0 27 VP A A 8 4 1 D4 Tl
THRUREEARL N 3 A 7 1T (B 6) o 87 F TR Al i ik
B O IR R B S, N AR BEMG5680 M 14
P fE A ENL, WA (Imaged) I B 1)
SSTHA o FHFDP-305 M 52 2 FE T B B S Ak S 52 B (1 B
RIX 35 A, 18] FDP-306 15 7 [ 53 4 o 4 57 A A
PR I8, B ERSAR s g (P 4
1.5 EBIEAEAR RO BRI e 3Ry [ 5 X
15 O B A T R RO AR 1Y, T 5 L
1.6 %itFao# RISPSS19.08 8T 4eit24 0¥,
THE R I xeson, 4110 L R FH s R 2805 254007, ™
Wi LL R AILSD-t 5, 4xiHha=0.05.

2 4R Results

2845 A7 600 NN, AZH SR 5 A ol AN A PR 6 1 O
[ AN T-BAIAICHL(P < 0.05), [A] I AZL UL Y /) 2%
= TBYIAICZL(P < 0.05). B4 CHLH <151 7 LA K
EN ) 2 R To R R X (P > 0.05; %&1).

3 {}i¢ Discussion

WEERAT G B AT E TR AR i R —, [
IR T 2 T BT, BT IR BT 52 5 i
% A0 T o B T RS, 258 0y st T v A T 2R S O T I
DRI A2 8 1Y (488 11 T A T AR D) I 52 A P ] P 408 06 3

4378

i, AT I RBREAE 2 A KR I AT BRI R I i &
B (<1 mm). PR Sk FTDC PRG3R LA R 1 5k g py i s 2824,

Js B0 (10 71 5% e 5 5 S0 PR RSO T 1 5% Fs R I
SRR PR A ] B R 22 i e B Sk (K AR
e I e i e e N il S TETN R S 9 R O iy
JRA25E Gy IE BN TSR FOR R o %53 A o 26 s 80y
eETTRE, (HSL B R A OUBC R SKOF IR Se B IR B HLK
SR B VL AC AR DUB R Sk o D i R . Sede R
TR (505, 6] BB R A D AT A B
LGB, R 2 o A0 BRSO EAT 20 DXAR 5o %A
AP B Sk B W I SE PR VL IS, A R B AR 2
9% 1B B S ISR BT — € S X

R FI BT Jo BE R T I A [ e A AE 2 P e H OB E
W0 3257 400 BE 2 R % TR 4 U R S A R AT AR [
€, BARIZIT A ) 22 B, (BAE I R SE Bk A7 A
TR, il 2 25 B> 12 i PRI 80D+ 8 5L
R (R MBS AT TR AL K e, R AT
SRANAR N X B AR, TR R i AT n s A
FARBOR B HT 1 B R AR 2 0 2oy 100k A
I 5 JUACE PE B B 2238 R BE, 4R VA DGE T4
(RIBE FARRAT Jo B J 0 R o WA 10 1 2 A DX AT ) I
PRIRB I LA KGR I 76 40 5 1047 23240 A
FUEATH TR B HAE . DA 23 I R A A iz
JYUBET L K S RERRET VAT TR TR BTN,
BEAT B TOCRE ] 52 (1 P SRR Ja By i gt AT [, H
BB R A BB AT, EAZEAR 27 2] A
ARG Z R o ERT, BBl AR 1 e,
L5 A GE IR AN [ B BN AR AN o AW A L 2 18] P8 s g o
YEFFRROE, M I Bl R AT AT A AR S i s B A AR E Tk
11y ELSCRF BB A o 8 FIRAT i B B 3 (1 S RS AR
GGG SCT R T e AR KBS, IR R ST T
RIAFREPTIE R, B T EURE WG AR S SN A 5%
TR o U REAT 5 B E AT A [ V6 T 5
T (AR5 PEREAT 2R 0 2 E TR AR B AL B, R I PR
IR R AR AT R AR A R AL S B
27 SR AR SIER P R i A RS A AR U B R T J BE
I A= PO E 2 TR ARSIVAS kAR IEY s e 221 ey
RITRERE I S8AT . 5 By ) R AT ] a2 L R P e AR Bl d
PR 51 7 A L Y Skl (R ) B LA 22 W] S5 T (P <
0.05). 1 HIAH{E HE A AN AR H B i ] 7 I B 47 1) I R 1B AT
HITRES 7 AT 1152 55 F R4 2 DAn] (K088 1 e A T A AR
VKRG RTAERL D RAT 5 B ) SR T ] A A2 18 1 R T ) 4%
Sl T AR LA S WA N g 7 57 T i kR (P > 0.05), 2 W1
5E B AR T AR T BT 5 B AT KR YT

gi bprid, A AE R AN AR A AR D RET L e
e URAET 5 Jn AT e T AR AR 1R 7 0 FIREA T B 4
I8 1 X1 T2 i A AR W AELRY, 3 AR A, 385 W] T

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



Lan HJ, Zhao ZW, Jia C, Fu JY. Biomechanical comparison of acetabular contact characteristics after acetabular transverse posterior wall fractures treated with
three kinds of internal fixation. Zhongguo Zuzhi Gongcheng Yanjiu. 2018;22(27):4375-4379. DOI:10.3969/j.issn.2095-4344.0238

BAT IR BET AT IR YT o SEU0 A AEAR AN 8D, it
OLHIE OG5 J] B L PR S5 S 4 S ORHE C T R A TS AN
A, ARSI,

TEZ A 2RE. AT LS50, FE563 FRRKE
FAM FIHAE, FITE X BAEHATIE 5 AT A TR F AR 49 4]
HE LT RFFBEARELF LR TG, FTHFEATLER.

BELIF FXFTERETTEE LS.

FIZSHEE: XFFPHTFRFRERN T ETEMK. 24 A 5R4T.
FORATF BT B, LRITANE B REAEMXGETLEF, R
HEAZF R,

FEIEIEEE: AR ARG R I BT AMEF R, L
FHRE S RpEEREXLFETTEHREZRRAHELR A (ERP
REEHIREEF I %L R EOHEFTLY.

XELZE LFHRHCLLZE CNKI B2 5 LAkl & %47 3
REE,

XEHF: XFLE A NG ERRFINT, FERFLRE
B o

TEZEHT: % —AEH 3T RARE 49363 L6y T3 A7 A Kdm
FAE, B FHRGRIEA R . S (LI EASIE E)ITRBAER
TIRRA AMEMRAG . 2 Fh %, THIHEE,

KB 3 BT E O A RER BAALE T At £
.

FFRHERER: X R — BT AHORIRIE, 4B (Joirdk 4T
WY “FL-FH MR ANR F KEF3.07 3k, ESHI A
BT, AFHRAIER AL B 6 AT RIUA RS, BEFY &, R
BEAFAERT R P IR, FTH. #N. 4. 4760, k. BARMEZ
Sk, FAZEZ RG], ARG ASIER L CETAERE.

2

4 BFEXHL References

[1]  Judet R, Judet J, Letournel E. Fractures of the acetabulum:
classification and surgical approaches for open reduction.
Preliminary report. J Bone Joint Surg Am. 1964;46:1615-1646.

[2] Letournel E. Acetabulum fractures: classification and
management. Clin Orthop Relat Res. 1980;(151):81-106.

[81  Lho HE e s T, o, A6 B T AR R 8 F R A T S B
Yriv Ly )R 3] B B AR &, 2016,30(11):
1354-1357.

[4] % 2 S T, o, S5 A R T S B AN ) A [ g U A
Wy )3 AT AR B A Bt 24k, 2016,11(6):738-741,746.

[5]  Grubor P, Krupic F, Biscevic M, et al. Controversies in
treatment of acetabular fracture. Med Arch. 2015;69(1):16-20.

[6] T PRWE, BRO& s, W E AL, S5 A8 F R KT B T AR [i) pAY ] 5 U vk T T 67
X IR A (3] 4 AI A4 &, 2004,20(12):743-746.

[71 0 VEFRAR RIS Ay, S5 0 B T S AR AR T A [ 52 V69T N [3].
GRS R4 & ,2016,24(5):340-342.

[8] Stockle U, Hoffmann R, Nittinger M, et al. Screw fixation of
acetabular fractures. Int Orthop. 2000;24(3):143-147.

[91 Wu X, Chen W, Zhang Q, et al. The study of plate-screw
fixation in the posterior wall of acetabulum using computed
tomography images. J Trauma. 2010;69(2):423-431.

[10] bk, T SR b, A5 B8 A REAT B4 DU oy 5 7 X A4 0 o
WFFE[I]. 0 I AR T,2016,29(4):444-447

(1] Tho F e s B, D o, A5 B T AR R 88 F R A T S B
i BP0 9] o B R E @SR, 2016,30(11):
1354-1357.

[12] Olson SA, Bay BK, Pollak AN, et al. The effect of variable size
posterior wall acetabular fractures on contact characteristics
of the hip joint. J Orthop Trauma. 1996;10(6):395-402.

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

(23]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

Malkani AL, Voor MJ, Rennirt G, et al. Increased peak contact
stress after incongruent reduction of transverse acetabular
fractures: a cadaveric model. J Trauma. 2001;51(4):704-709.
Cahueque M, Martinez M, Cobar A, et al. Early reduction of
acetabular fractures decreases the risk of post-traumatic hip
osteoarthritis? J Clin Orthop Trauma. 2017;8(4):320-326.
Haefeli PC, Marecek GS, Keel MJ, et al. Patients undergoing
surgical hip dislocation for the treatment of acetabular
fractures show favourable long-term outcome. Bone Joint J.
2017;99-B(4):508-515.

Sebaaly A, Riouallon G, Zaraa M, et al. The added value of
intraoperative CT scanner and screw navigation in displaced
posterior wall acetabular fracture with articular impaction.
Orthop Traumatol Surg Res. 2016;102(7):947-950.

Sen RK, Tripathy SK, Aggarwal S, et al. A safe technique of
anterior column lag screw fixation in acetabular fractures. Int
Orthop. 2012;36(11):2333-2340.

147 25 K Stoppa A\ i 5 #E B A B T ARG YT B B A A
1 AR SCR B J]. [ B4 KR 2, 2016,54(22):64-66.
18547, E 4L, Fikift, %% Judet-Letournel 23 B AMAAL T RN %
P[] g e R A YA T I T T[] R L S O A A,
2017,32(6):573-576.

25 SRR TE W W A AR B 9 T LARSE YR ST 2] R
HARHRE,2017,20(1):37.

AR 2 RSO, S B R AT B TR BRG]
5 4RI &5,2017,19(2):129-132.

T, W, RO, A5 A DU A 4 3 Py e Oy K AR
JIEEVE ). Hh [ PR 31 4% 4% 5, 2015,33(6):690-695.

Maini L, Kumar S, Batra S, et al. Evaluation of the muscle
morphology of the obturator externus and piriformis as the
predictors of avascular necrosis of the femoral head in
acetabular fractures. Strategies Trauma Limb Reconstr.
2016;11(2):105-111.

Boudissa M, Ruatti S, Kerschbaumer G, et al. Part 2: outcome
of acetabular fractures and associated prognostic factors-a
ten-year retrospective study of one hundred and fifty six
operated cases with open reduction and internal fixation. Int
Orthop. 2016;40(10):2151-2156.

) e AL A e G ELAMU/INDT CONB l Bh 22 14 5 A
AT WRET I8 s e AVG ST LT BT R AT 3T [3). P AR B0
#%+%,2015,17(8):656-662.

RS M 3 3, W 2 ), B DD R D BRET PN I 5 v 3R A DYl
PR B T RO 523104 )1 B2 4,2015,36(1):104-106.

SR, 2R3 ZE A0, 5 A B UMM B AN AR 45 4 J5 Ry ) BRET
P I VR I T R AL T [O]. R B L e i i 2, 2017,
32(4):337-340.

N Y R O B e e TR DN W= S S KL I N
W 3 e B T K Meta s AT [J). IR PR AR 5256 B2 27 2% %, 2014,
13(7):535-540.

W R R AR, B I B0 A B R T I B 4T IR T Ay
Br[3]. 74 < 2%,2013,25(8):1176-1177.

UG,k Y B AR R T IR s B B (R T R[] R,
2017,8(4):334-336.

I 2 AR S A 2 T M VAT I MG AR G I R B A LA
[3]. 434N FH 24 75,2011,13(4):322-323.

ek, B T, NE B AL BT Br E E [3]. 5 B A
#%,2013,19(7):629-632.

RAE AL, T35, SR B, A5 408 41T IS B PG 2 AT
B BWTIEI). P BT AR 24 R, 2008,16(2):81-83.

4379



