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Comparative study on biomechanical properties of 3 kinds of rib
internal fixators
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Abstract: Objective To study and compare biomechanical properties of a newly developed magnesium AZ31B
alloy intramedullary nail (AZ31B) with that of imported Poly-L-lactic acid intramedullary nail (PLLA) and pure tita-
nium rib plate (TPRP) , so as to provide scientific evidences for better internal fixation in clinical operation. Meth-
ods Forty fresh adult ribs were used and divided into 4 groups randomly. Three groups were made lateral rib
fracture in midaxillary line and fixed by AZ31B, PLLA and TPRP, respectively, while the group with normal ribs
was used as control. Biomechanical properties of specimens in each group were measured and tested using ex-
perimental stress analysis. Results (1) Three-point bending strength of internal fixation with AZ31B was close to
that of control group (P >0.05), but significantly different to that of TPRP group and PTRP group (P <0.05);
(2) No significant differences in torsional strength were found between AZ31B group, PTRP group and control
group (P >0.05), and the torsional strength of both AZ31B and PTRP was superior to that of PLLA (P <0.05).
Conclusions The internal fixation with AZ31B is an ideal mode for treating rib fracture since AZ31B has larger
flexural strength than PLLA and TPRP, and its torsional strength was close to PTRP and normal ribs. This study
provides some support for future research on biomechanical properties of AZ31B.

Key words: Rib fracture; Internal fixation; Biomechanics

s B #3:2013-06-19; f&[E A #:2013-08-10
ESWE : [T PRI L4 (2010147) .
B 1EE AT, B EATEEIR, Tel: (021)56691101-7115; E-mail :tengjp2000@ 163. com.,



B4, & ZHMEBINEEMHNEY N FERELLE
TENG Ji-ping, ef al. Comparative study on biomechanical properties of 3 kinds of rib internal fixators 267

UTAER , PR [ E 167 - 4 A A T i
P75 B R S AL A A ST B, O ELs b
iR I A AE AT | D REMK I b, SR ol 2 A 2 1
Pz A AT R o A X R R A
WL, DLR BB S R i S 4 5 S5 AR g 2
Rtk M B JE AL b, BR ] T —Fh AZ31B B A Gl
WO B BEN BT o B AR W ) 2 R e R A T I
-5 18 A6t FH 4y 2 11 SR A e LR ml W A R P T
S AR T 1 42 A T B A

1 RS

1.1 AZ31B sk &R AN B RE N ETRYIZ T
AZ31B B4 4l Wl - 8 N AT (& RS
CN201894668U ) , iy—1{di F] AZ31B 0] W Uk & 4 1l
AL i R . BT B 35 mm, i i A HEIR
Bk, FTRREEN 2 mm, TR 3 mm; ETUR E M
AT 1] O B B 8 AR, AT MR HAT — 2 A ] 9
P, I H AT 7R P R I, J0Rs TR Lt . 3
ARG AR, T PAREAE I 1) o

iR AT B

I VS
C‘Eﬁ ST TN TS
]—T» 35 mm

[ ot 2 0
S LTSS
ﬁ 2 \N

1 AZ31B & &WREMBEASTIRITEMTEE

Fig.1 Structure diagram of magnesium AZ31B alloy intramedul-

igRER

\\\X

= = ZF= ‘

lary nail

1.2 #&AGI&

ZARPRZE B 22 [ 78, R AR 40 AR 20 ~ 50 2 AfA
FEMAR A ALY 15 om BURTEEES 5 BB ML bR
A, BEHLT A, JEHIBRRBIRR A . bR A b BEE Y
LA B A AR U, R A5 I 1) S8 Bk, A
HER R R A R RAFARA . T SR bn A
B NORIERR A R A v i B8 A A
JERE, BEAR P BB | AP SERE L O R 5l
(150 £4.2) (10.5 +1.4) (3.5 +£0.7) mm, 5
Ir2H W Hp B B S WA ) R A e b e Ak

BT R R S P R A e R
FEN MR F s (PMMA) G35, FiT A SE5 bR A Bl HL 53
A4 . AZ31B 4. R AP0 A AZ31B B4
ST RE T B 2, TR ik R B
T PAET W s 3 AR AP W B A P 172
BT 1) rpots B P 50 R, (T B S At AT B R
BRS04 Bl — R, PLLA 4. SRR A S
P T RS B P BT (R VA I B K R 97 AR A ) H
At ORI ) A5 N 8 52, J5 ¥k A AZ31B 41, PTRP
Y. R W A A T RS RN EDE 45 mm x
19 mm SEEE M TR 3228 W (8 M AR 2R B2 7 2 Bl A
HD) T A PR I . XA R
I o A bR AS 9 g FH B 7K e [ P-4, LA T
AR, GERIAS
1.3 AEdlitaEs

BEARA IO B A9 2 LN BT WE-100B %L
BIRETTREREHL L, S kb T AR, BT
HONFREAERTRL B 42 S T R [ R s,
BCATFAEME— RS, i B AL U B S AL
i HIZEAF BN A AR L B2 E R A feik E]
FasE SCRRRAS . M, Jedb AT BH AL B, 5 B AR
P SCHR (2,3 ] AP R A A S A 8 T v AT e 7 i
Je 5 T A B 30% |, Ji Sl T %o B 2H Rk, R A2
TNk EIZ 30 W, PR AR A AR AR BRSO 0
A S TR 5O Xof P S 0, 0 S 36 Ak T T 2k
R B SeXHRRE AT AR B IR 25 il S 56, A4 R R
AR Je AT AR B IR L 5206, bR AR K B S
AT IR PR 5

RS = A5 R« AR AR AR R =
RS, A bR A B BE B 110 mm v B8
PR 5 mm/min, LUEIFLA O Rt ) a5, I B AL R
o B SR, [R5 Bos AL RS RS il 77,
TCEIA RS 430 2 .46 mm B AGES l T KD,
DU 45 PN ] 5 SR 6 4 FOR REZH e s il g

RSP IR - AR A 0 o 2 2% e L, 37
[ 5 , 30T 3t JI0 LA 8 5 28 Ao ol 22 7= AR G AL T DA
AT Tl R LU AR IR, DL 5°/min 3
FE AT HL e, K I 10 S An A A X L 5% fA ol 5°
10° .15°.20° 25° 5% J1 50, LA & 45 P & 2 41 0
it HRZH BT

BESRAE = A5 S AR AR B SR = a5



EREYMANFE H£29% H3H 201456 R

268 Journal of Medical Biomechanics, Vol. 29

No.3, Jun. 2014

i, A AR A B B2 110 mm , {388 3R %
M5 mm/ming PUE TG it ) g O AR R
i B ST AU , [R5 Bos 6 B A il 7y,
DA B B AT TR )R A 2 v 79 T 1 R 5 LA
I FS KT 4 mm FE B SR A A , X HE 21 LA 4%
S0 A BB B T A S Bl IR A AR 5 1R e IR
Je RS EEAIL A Sl 0 R A2 0 R 2K
o R e S o S 7 | A Kl A 4 SR A
25 P BB 25 W e s iR SR A T 1 BE g,
ik ARt e 32 25 Wl B R b e KA 5 |
EATE (it AR A (RPBE R ) ST LUAE, i ALAS B 3h
TR LI ORI R AR IR, 76 TR
FHAE BEER K25
1.4 #iEsE

AR Y S 95 A5 R T SPSS 11, 0 344743
Br, TR ORISR + drifE 22 30K R S8 2 LS
P E I 200, R BCAT ¢ K56 X 3 21 S50 4K
PRHEAT AL, P <0.05 25 5 W

2 #R
2.1 FEWHAHE=STHIPELER(NEL)
AEmk P = 5 2 il S2 80 ), 4% 2 mm B}, PTRP

20 T T 0 S it g T At 3 2, {0 4 4 HhA
TR EZF(P>0.05), {4 mmAf, AZ31B 41
PTRP 4140 [] Fb A I 5 %0 B ey e o 5 1 22 7
(P>0.05); PLLA 4] 5%} 4 \PLLA 415 AZ31B
HILEA B FEMEZR (P <0.05) (i 6 mm K},
AZ31B H 5% A b o 22 5% (P >0.05) ;

x1 3MAEEAERHBENARRALBRETHA(n=10)
Tab.1 Bending strength of ribs under different displacements after

internal fixation

i /N
20 51
2 mm 4 mm 6 mm
AZ31B 4 65.2+3.2 134.2 £3.1 168.4 +4.3
PLLA 4 63.1+2.6 121.4 +2.9%4  151.5+3.9%4
PTRP 4 68.5+3.4 136.4 £3.3 156.5 +4.294
St HRZH 66.5 £3.1 135.6 £3.2 165.6 +4.1
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Tab.2 Torsion moment of ribs under different torsion angles after internal fixation
HEJI5/ (N - m)
25 51
5° 10° 15° 20° 25°
AZ31B 24 1.86 £0.25 3.68 £0.20 4.02 +£0.21 5.42 £0.46 7.62 £0.41
PLLA 4 1.78 £0.23 3.52+0.24 3.89 £0.23 4.23 +0.37%4 6.29 £0.23%4
PTRP 2 2.03 +£0.31 4.10£0.26 4.05+0.32 5.45+0.39 7.89 +£0.36
X B R 2.01 £0.26 4.07 £0.21 4.12+0.22 5.52+0.51 8.12£0.37
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