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[Abstract] Objective:To evaluate the effects of cross—midline cement injection on axial and bilateral verte-
bral stiffness of varied sites in compressive fractured vertebrae after unipedicular PKP.Method: Vertebral bod-
ies harvested from 3 cadaver spines(T4-L1) were experimentally induced into compressive vertebral fractures
models by MTS.Subsequently the specimens were stabilized using transpedicular balloon-assisted PKP (group
A ,n=9,unipedicular hemivertebral ,non cross—-midline cement injection,group B,n=8,unipedicular cross—midline
cement injection) and the volume of cement filling were 10% of the vertebral body.Then the stablized verte-
bral bodies were subjected to axial and sided compression loads(0-300N,cycled) by MTS 24 hours later.After
that,the stiffness was measured and compared between the two groups.Result:Under axial loading,the stiffness
between group A and B showed no significant difference (P>0.05).While under sided compression loading,de-
spite of no difference of stiffness in penetration side between group A and B (P>0.05),the stiffness in non—
penetration side in group B increased more than that in group A (P<0.05).Conclusion: When performing uni-
pedicular balloon-assisted kyphoplasty, cross —midline cement distribution or not will impact the side-related
stiffness significantly.

[Key words] Biomechanics;Percutaneous kyphoplasty; Bone cement;Lateral compression

[Author’ s address]  Department of Spine Surgery,lst Affiliated Hospital of Sun Yat —sen University,
Guangzhou, 510080, China

28 B MEVR OB AR (PVP) B a (BB R (PKP) 29508 R AR g A PEME R [R 47 B I (OVCF) A &
NSOy € R RN A = o (B S T2 X

E—EE A B (1968-) , B FATE I, 1 BF 5077 101 . 4 ME 5 H3 28 ] 1) PKP AR BT B XU 25 3] PKP A X
AR 37 XA H 2 AR A TR 5 W HE SRR PN BE

15 £ (020)81330584  E—mail : berlinch2007@yahoo.com.cn



o A A 2SR 2011 4E4E 21 4855 2 1)

Chinese Journal of Spine and Spinal Cord,2011,Vol.21 ,No.2 119

57 1) AU, , L2 o B /N, 2 T B0E K R 4y
A LB AN E Ry BRF 2 HEAR ) IF ol R R AR 5
A 5 AN AE AR 1 358 B P, BRI 0 i K O 3 A
Tl PR M AFAE G . EH KIS 2 i
H 28 X HE AR el ) S OB I8 1 5 R AT T R
E{ a1

1 #MRERE
L1 ARk

BEH 3 HsAE N7 I i IEMERR AR (T4~L1),
FIFE TRy 58 & o I 30 MR RAS &
X AR BER HEBR MR | 37 sCH Al B 8 45, DEXA
1l D A A 28 PSR 29 7 RR A AR 23 2 2
SR T DI BRME ] 352 2 B0CR 2, IR P i e
M e 3& o 58 4 UIBRAL 45 SUINAE = HR 75 9 1Y ) 3
HE S B PSS I B AR BRI G0 5 5 R B R Y
e NEE M ME AR AR AR (T4~L1) AR BRER K 20 1 4 2%
W2 ER RS % B EF-20°CAGR KA IR 7, B
FRER 7K 20 A f, 5 ME AR AR A AT OR 35 L R4 09 K 5
PE K M B ME AR A 53 12 00 4R 7 5000 i 3 4 A
(n=9) M 2 BMHE 5 H PKP AR H. 15 /K Jé 38 7 Jy FR
FHEAEMIZ ;B A (n=8) M2 HMHE S AR PKP
A KA 24
1.2 HEMARH 48 P s AL Y T

S, A M B HEAR AS 7E % IR T f# 7R 30min,
AP L0 R P TG ( B B S 0 M ) TP HEAR R 4
A T Ak e P FEAEARE AR [ 5 T MITS A4 RE S 56 AL
(MTS 858 bionix II machine,MTS System Inc,
Minneapolis, MN,USA) I | B Sl A A 22 1) RS A7, IR
UEE ELH 4 7 IR HEAR AT 1/3 Bt n (&1 1), 48
A MTS fEAL BRI T Jy, F4i s 5
Smm/min, H 4 Z AW 5 A HE R AT 2% 1Y B R
E RIS o M EAR AR (A i 2% 2 T B 25%
(HEAR AT 2% 09 5 B 5 2R = 25% ) 455 1k i &, i 7=
A MEAR T 2% 5 FE R/, 5 G i B 2R Y B Y T 40
TR,
1.3 AR s AR

W B T AN L A ST 1Y ) A A AR DA —20°C AR
H KA B 7R E IR R PR 30min, PKP TR #
VE T AR Ui T AR [ i o1, 45y o] — F AR BEAE7E C
TR X ZRHLEA T 52 B, SO0 25 0] 2 0 A 45 1
BIE A (4 hemivertebral kyphoplasty , Hemi—PKP)
B2 ME S MG R, B K VR RS HE IR R R

) 10% (A 1A A B H HE 7K 325 0 o — B 35 oK 7 5
B, AR X ZE T il K e S R
T3 B 4 8 e 2 B 0 i TR B DA R K e R
it R £ | RS X 2k A | i i i A o 28 9
HEATIN A (&1 2) o FRATTHE A 3o rp i K e 1 5 11
AR UEE X OPMMA 2 78 B #E 14 A 3
T2k ;@QPMMA HFEA B h 4k (& 2) . FARE KA
KB T 4°CHEL T 24h, ffi PMMA 52 &8R4,
1.4 AW S

A B A AR AR T AR E B K (KRR
K, 3 8 T K TAES (JHKF RS ) B L
Gl N [ DA = S R G ) [ O RN A N e
F MTS 4 RHSE 50 AL H 1 5l i 2% b oo 47
HEM 2o (1), B — A AT
IR HEAT S DURIE MTS 84 58— 2,
FH I SR 5 1 25% AR F5 R, 35 4 5 5t 1)
(225 /NF 1%, MRIFLRRT, 25 be AR Sk it i
100N F41477 #f 2% o7 LA 480 A FHCER 25 0 HLd 20 K 3
PEYI R BT AS B 42

il ) FE 4 003 3 B HE = A I A SE AR . SE AR
A VCF B i g~ 5 Jeg kst s . A4
EAH 19 A 4 7 2 00 AT 38 5 MTS 45 4 A% 114 3k )
it fin O~300N % 1] 7% 2 s ) 87, 46 5 MR TR
FI—Le VTR 430 P B8 B AE MTS 556 HL P 4 DU Fh
e e ) 200 S 0t 3 MTS & FH A i, 25080 R
SR 100 Y/RD , I A5 B 24 422 Py By B
HEAT, 9045 SR A BRI LR S0, Wb S iR
2 A s A TG RS RRAS I Y 7
Th P58 B, S 56 Hh et 28 (A A e S i, 4%
P AT, B = ANE IR O 31 5 KA A 1] ) 7
BT 15 e 8RS R 4 J5 B K etk
Jei AR AR I 3
1.5 B Hrgeitab i

A5 LA AR = A B AH T 0045 1) DI 51 FH 3
BrabpifE 22 2%, R FH SPSS 1.5 Bk 40 % s 1k
PGt r, (R R T 22500 fl e K g i AT
HIE P LB, T P<0.05 25 34T Wk,

2 #R

B 2l v, 1 A A R e R Bl T AR
B T LR AR S [ B AR T AS Tl ME AR5 A7 Ay T )
RS IR 1 Rl e Aa 4 A 4HS B ZH )
[e] s 4 W 2 22 53¢ JC {2 3 1 (P>0.05) 5 ZEHEAR U J7



120 P E R A 2011 AEES 21 55 2 W1 Chinese Journal of Spine and Spinal Cord,2011,Vol.21,No.2

Flele

il
-
CHTHR

@

A

B 1 fl AR T O0 s e S (AR 4 1 B B 20 57 O CHEMAN v e ) |
O2 (MEAHIMN J7 1/3) O3 CHEVR A M J5 173 ) w52 00 3 50 0 AfE A o she 2 fal 00 2 A 25
MMEA RN R B B2 PR B R RTEMEA N R BEAL B a B KIS
JGE A T2 MMEA Y b B K YR LTS S5 i A i 5 e AR T 2k

F1 HEAMEGTRERET A B KRG8 R E

A (n=9) B4 (n=8)
ke 2 ez e 2 A2
Se R 260.48+64.15 —_— — 257.60+31.44 — —
HEM 4 J 217.83+60.22 194.54+54.68 203.24+59.91 216.29+25.69 206.04+20.21 212.66+35.36
HE SR AL IS 251.37+53.34 238.57+53.81 170.40+41.91 250.41+41.27 244.67+45.94 232.97+40.50

FEAR#EMT T ,A 415 B 41 8] B /K U8 2 0 )i G
M2 R (P>0.05) A AEE ZEqM NI EE B 4i
BEET A4, 25 A BEE(P<0.05),
A HEUR 45 5 5 A A8 10 S B A LA
AR v o B 28 NI B A B 25 5 (P<0.05) L, dE
5 R A X A M AR 5 L IS T B 25 (P>
0.05), H/KJEHmALIG B AH , Bonferroni 152 1 FL i
SR . AR R A A v g ) A A )
YA Gt 25 5 (P<0.01) , 2 il -5 M 1A v g W)
JE 22 BTG T4 7 L (P>0.05) . B 4l iR &
A0 Ji AR AR SRR EL A A A b ok 2l ) %
JE 2 A0 W 34 2 25 5 (P<0.05) . Hr /K e ik
AR S A e SR D25 SR A T 2 A M DA
R 25 MEAR TE] () W 34 o e 1 2% 22 5 (P>0.05) 5 A
B 20 25 HEAA B8] W B2 22 51 4812 2 L (P<0.01)

3 g

A AT DO JBE 8 A oA A A 14 5
JEUIH A (1) BRI 2 5 58 2 A7 7 30825 A A 5%
PET SR TR G Ml S RGBT (2) AR S0
SEPEATAEAACAS [ B 07 P9 07 4 s 4 1 56 LA 1) A

J12EVERE O R EA T S SRR AR 194 5 B 0
3.1 R KU T S A A K A R

PKP A B 5 A% 45 7K e 7 5 28 i A7 76 4 il
Belkolf M 58 75, B — MEARALE ST 2ml B
KU BV AT K A 45 ME 1Y B IS S S AE R Molly 451
W3 S AE ST R B, i HE T TR A R BORTR] A
AR 3 /0 I A T e ) K U ) ot A AN A ]
— R A HE B W BOARE A TS 2L 2mll,
HE JEHE T BE 43 555 22 4l 8ml (11 7K I 5 i PR
A2 ME M I BE BT BB K DR R A 4ml A2
Ao B Molloy TA A 7 5 7K 6 7] s Ay A 4 1A 1
1) 169 RIVAT P 2 HE AR 1) 5 J3E T 1 55 29% 7 1l ik
SEHECRIG RIS . FRAT] & B ) A A 5 [ AR I A
SEA AR, 1 A AR R R 109% 57 5 64 5 K e B A]
A B AR IR, DAL T A A A 7K 8 )
WA HE AR IR 10%7E 4 . Liebschner SE2F) 47 )
JC AT 45 5 7R B 7K U8 B T /N T HE AR AR LY
15% BV RL R HE AR i I BE K B2 2 03 1T K SF 5 i 7K Ui
TS A A R B 1 MR 1) g 2 Ay, S BE
B KU P 3 G ek A 44 v AR 1 O 3 R i B O R
FEVERE, FHXF A0 1 K VR T B SR K



o A A 2SR 2011 4E4E 21 4855 2 1)

Chinese Journal of Spine and Spinal Cord,2011,Vol.21 ,No.2

121

JRAEMEAA (10 X6 Bk o0 1o 2 K R 4 7 1]

3.2 B K URTEHMEM A 23 A XA A M 2
A

TEIG RN b, B 28 3] PKP AR5 29 F AR I
(i) L R RE AR B 25 o] (%) - A, (B AT e i i
IKVETEMER I B 53 AR, IF A R BEES
SN AEAR B I AR H G AT A G el [
W 3 A O T XU 2 ] B 7K U S FERIOCR B X
FO B 93 B A B 57 38 B R 15l

H IO T 1 XU 2 30 1 7K e 35 78 18 % L )
I 25 R B W S ARGt — . Tohmeh % 115
Steinmann Z5!'5H 1 (R S g 25 525G & B, TC e
PVP i J& PKP, i 5 g ME W EE Ao 2 05 i, 5
XU 28 LA He I JC B B 19 22 5 Liebschner 251210
WAy BN B PVP T S AR A E P D5 T
AN G 2 5 A 5 L PR A T B 2 K
Ve 3H 7 B R ¥ A v R RT e B ) o e R
(toggle) . Tohmeh %55 Steinmann Z51°() 5¢ 4 5
SNHE T 2831 7 220 (B U ) %o M A 8 1 0 2
AR RZM T Molloy!™ ) B 22 Hb G 1 15 7K e 76 HE
P () o3 A X HER B AR ) 2 E @ R 52 e ATy

12T R B — i ) TR AR, TR B
FIHE AR 3115 2L (boundary condition ), 7% 5255
X R A AE AN AT Tiﬂﬂﬁr%ﬁﬁtg\& AT T HE
PR 00 75 T 47 15 REFE X P HEAAR )
%E@E@*}V*ﬂ%@ﬂ

AL I R AT LANHE S AR 5 M PKP B

%’ﬂw}z’iﬁﬁ)ﬁﬁﬁj—”ﬂé{ﬂl'*Eﬁiﬂﬁzli‘lﬁi*ﬁﬁiﬂ‘ﬁﬂﬂ
T 1 246 560 J5E o AR A 7 s g 8y, Al 28 R0 Y 58
A S AR T 2 A 4 K PR BT s 2 T
HEMR I EE T 5 20 B flr s Ak, AT AR ) 7
PERERS BIPATam Ak, B R J5 MEMAR T 22 i 5% A
2 00 B B B KU AT 5 35 FH ) 75 )
i REEAR A5 15 AR R A7 A 22 5%, 75 0, i T A
FETZAF % AR B 3 JEE AN [ DU DG 325 1 o S e 22
SORARN R BRI, 185 556 ok i — 515 3
it

4 SEH

1. Sun G,Jin P,Li FD,et al. Preliminary study on a single bal-
loon cross —midline expansion via unipedicular approach in
kphoplasty[J].Chin Med J,2008,121(18):1811-1814.

2. Ryu KS,Park CK,Kim MK,et al. Single balloon kyphoplasty

using far —lateral extrapedicular approach:technical note and

10.

11.

12.

13.

14.

15.

16.

B RS, DR 2 BAEAORTE 5 R DR R

preliminary result [J].J Spinal Disord Tech,2007,20 (5):392-
398.

. Chung HJ,Chung KJ,Yoon HS, et al. Comparative study of

balloon kyphoplasty with unilateral versus bilateral approach

in  osteoporotic fracture  [J].International ~ Or-

thopaedics,2008,32(6) : 817-820.

compression

. Papadopoulos EC,Edobor-Osula F,Gardner MJ,et al.Unipedi—

cular balloon kyphoplasty for the treatment of osteoporotic
vertebral compression fracture:early result [J].J spinal Disord

Tech,2008,21(8) :589-596.

. Zheng Z,Luk KD,Kuang G,et al. Vertebral augmentation with

a novel Vessel =X bone void filling container system and
bioactive bone cement[J].Spine,2007,32(19) :2076-2082.
n) 5 X

[J]. /4 4h R R, 2006,86(27) : 1878-1880.

. Keaveny TM,Wachtel EF,Ford CM,et al. Differences between

the tensile and compressive strengths of bovine tibial trabecu-
lar bone depend on modulus[J].Journal of Biomechanics, 1994,

27(9):1137-1146.

. Kim MJ,Lindsey DP,Hannibal M, et al. Vertebroplasty versus

kyphoplasty :biomechanical behavior under repetitive loading

conditions[J].Spine, 2006,31(18) :2079-2084.

. Fyhrie DP,Vashishth D. Bone stiffness predicts strength simi-

larly for human vertebral cancellous bone in compression and
for cortical bone in tension[J].Bone,2000,26(2):169-173.

Molly S,Mathis JM,Belkoff SM. The effect of vertebral body
percentage fill on mechanical behavior during percutaneous
vertebroplasty[J].Spine ,2003,28 (14) : 1549-1554.

Belkoff SM,Mathis JM,Jasper LE, et al. The biomechanics
of vertebroplasty :the effect of cement volume on mechanical
behavior|J].Spine ,2001,26(14) :1537-1541.

Liebschner MAK,Rosenberg WS, Keaveny TM.Effects of bone
cement volume and distribution on vertebral stiffness after
vertebroplasty[J].Spine ,2001,26(14) : 1547-1554.
Knavel EM,Ehteshami RA,Thienlen KR ,et al. Clinical out-
comes with hemivertebral filling during percutaneous verte-
broplasty[J].Am J Neuroradiol ,2009,30(3) :496-499.
Molloy S,Riley LH,Belkoff SM.Effect of cement volume and
placement on mechanical —property restoration resulting from
vertebroplasty[J].Am ] Neuroradio,2005,26:401-404.
Tohmeh AG,Mathis JM,Fenton DC, et al.Biomechanical effi-
cacy of unipedicular versus bipedicular vertebroplasty for the
management of osteoporotic compression fractures [J].Spine,
1999,24(17) : 1772-7776.
Steinmann J,Tingey CT,Cruz G,et al.Biomechanical compari-
son of unipedicular versus bipedicular kyphoplasty[J].Spine,
2005,30(2):201-205.
(Wi A8 :2010-08-10 & 12l A 11:2010-10-27)
(EXLmT  #F R/ ER)
(ALH#E 2 F)





