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[Abstract] Objective: To compare the difference of efficacy in three kinds of balloon expansion
technique in kyphoplasty,in order to select the best approach. Methods: Vertebral compression fracture
was produced by compression through axial loading with universal mechanical testing machine on thir-
ty osteoporotic thoraco-lumbar vertebral bodies. The specimens were randomly divided into bilateral
alternating expansion group, cross-midline expansion group and bilateral simultaneous expansion
group,then, kyphoplasty was performed. The original height of vertebral body, height after compres-
sion and height after cement injection were measured,and the maximum load of vertebral body before
and after bone cement injection were recorded, the rigidity was calculated according to the stress load
curve,the X-ray exposure time and the cases with bone cement leakage were recorded. Results: In-
crease of vertebral maximum load and rigidity restoration could be assessed in all the three groups. In
the bilateral alternating expansion group,the vertebral maximum load could be resumed from pre-oper-
ation (1420+80.55)N to (29384 175. 15) N after operation,and the vertebral rigidity was restored
from (1030+50. 74)N/mm to (963+20. 66)N/mm. In the bilateral simultaneous expansion group,the
vertebral maximum load increased from preoperative (1398 + 85. 35) N to postoperative (2801 +
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157. 79)N,and the vertebral rigidity was restored from (1024+57. 50)N/mm to (950. 00+23. 08)N/
mm. In the cross-midline expansion group, the vertebral maximum load increased from preoperative
(1433480. 73) N to postoperative (2876 == 156. 46) N, and vertebral rigidity restored from (1035 =%
51.04)N/mm to (969 £16. 59) N/mm. But no significant difference was existed in the restoration of
vertebral body height in these three groups (P >>0. 05). The recovery rate was (96. 30 0. 02) %,
(96.601+0.02) % and (94.40=+0.05) % respectively. The X-ray exposure time was (60.47+3.77)s,
(65.53+3.63)s and (40.5542. 11)s respectively in the bilateral alternating expansion group, the bi-
lateral simultaneous expansion group and the cross-midline expansion group, with the cross-midline
expansion group as the shortest (P<C0.01). Of the three groups,only one case of bone cement leakage
was found in the cross-midline expansion group. Conclusion; Among the three kinds of balloon expan-
sion technique,the restoration of vertebral body height and the cement leakage rate showed about the
same performance in biomechanical measurements. Whereas, the cross — midline expansion technique

can reduce the operation time and radiation exposure, therefore, which is worth applying for clinic
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practice.
[Key words)
phy,digital Subtraction

‘B IO G5 M HE 1A R 45 VE ‘B 3T (osteoporosis vertebral
compression fractures, OVCF) J& 5 8 & 4 A\ % 1= Ml
AR R R R — A E Y & 2ok ENA
AT ER SR IT  H HIF R AE 2 . 1 5% 38 i S8
B o BREEMER G ™S IE AR (percutaneous kyphonplas-
ty, PKP) & — F & 4 1936 97 OVCE 19 38 A J5
B WL PRP B R AR 7 v 75 B0 2 R A A B
e IFAEMEA A BRI K AR TR R R TR B
FHE B o AR R, B R A BUI 4 sk A A 5 U AR Y
WL S BEAR T TR 8% T S ABATS R At e T AR T8 S % i 1)
A5 A T, PIVER 255 R A 1 O A i
FH— MU HE =5 28 5] L3Rk 25 vh 2 47 9k i HOR L LU R IR
TR D> T AR g Sy DL R =
Tl VA A A 8 B AR R B L A T 2 R B e XA R
WG ] i K Y A5 S A 0 I 28 S AR SCHEAT 1 3Rk
KU AZ 5 5 Th R 5 A0 RO [+ 1) 4 5K 1) 288 B M
T D BB AR XS LSS & 78 A HEAR 5 1 BB AR i
PR 4 it — 7 1 B8 S H

MRETE

L FRAR RS 4l

5 B EBCEFE T — L ArAs (BRCH fi6 7K 5 AR
WG R B 4% DR . HEBR S 15 1 K2 s BEPE 2
S SR B EE I S B 2L AR A 1 B 5 B (bone
mineral density, BMD) , 5 §iF A & Ji B 44 #E 4R (BMD<C
0.72g/cm )™ BHARAT T ~Ls 6 ASHEMA . il 5
30 AN FLME R bR A . B 3% 220 B HE AR AR A (T, ~
T Toe ~ L Lo ~ L) 58 53 BE FIBUMY (7] i 47 5K 21 L XL
A2 B 9 ok 2H AN 5 v 2 9 ik 21 fdit = 28 [ A A X i ]

Osteoporosis; Vertebral compression fracture; Balloon; Kyphoplasty; Angiogra-

FE SR I 43 00 A B AR /K 20 A f 2 ) G o P B R A% 2
HIGaH.

2. Sk

T % RN M A 4% 300 s B L & HE AR W 1A
o A (E . SR OO SRR CIT D A BEME (R | R
MR N AT T . F A T AR 56 AL 46 b B
Jei 1) 45 HEARBR AR o o8 L B A 408 i BT M AR 30 %
i ME A B R A A o I AR A -0 8% il 2L T B A R R
Vo PRI 5 M A 3 2 v B R T I SR AR AR e
T

R AN 5 RGN M T, R 201 A Bk
TEYBRME RS ™ BB AR 2 AR LU AR 6 T B 9T A A B
OV AE TR Fie BRI DR EBR B89 7K HE AR S o OB AR AR #
VERRRERE . B PR3k 4l 5 A AR 4R i B 15°~25°
1, AMES R A L2 10 57 2 =5 A1 2 o S A
T ZE B R E MEAAR T 1/3 Ab i, 17 RS 20 B B @ or
ARG BRI HE AT 1/4 Ab i TE AL ALY B R
i Sk 5 3 A A H L TR0 R ARG W R A BR
B EHERAE I IR B . XU TR I 5K 4R
XU 37 T A 3 38 BN BRZE A A R P9 [R) B P 9
5 5 WU 52 85 3 Bl 20 SR FH B BR 40 4 331 28 00 T4 T
FEMEMR N R0k . YHER 2 C & 2 A s Bk 48 1 )
KB 300psi W, 37 RIAS (B9 7K BREE 15~30 s, Ji i
BRYE, 46 TAE B8 A VR C 440 1o T30 1) K R CR
HETT A BB R Al AF 5 T ) 2 14 5 R DR s TR Y g
JKVE T BY, B 7K VE & A RO, BT BRI WD . il
SETEACH KU i S XSS 2R W S i 1R] O 5% K e A
MBS B 1~6) , PR A A 4% 30 % B L TSR
Jii MR e B SF- I % v o K O % R o B K O 0 4



72 TSR 2019 4F 1 A48 34 %% 1 8] Radiol Practice,Jan 2019, Vol 34,No. 1

AR DIHHE .
100%

ARG HEARAT A= 4 7 2 P ] ik w’rj%*’ﬁﬁi?ﬁ
o FR 41 T g V0 S 1T 2 1B AR I A A I

3. et o

I SPSS 17. 0 Ge it A AT 581t 0 . i

B LB AR UE2E () Foom . B = 21 1 J2 6] 3%
TG BT A H: b A 2 4 1) 7 B R FH O XS ¢ A 6
34 [ 25 1) A A4 Fs 451 1 v 2 5 T 4 5 oo B R 4 T
EH5HABKEEEEUREFRGEESEABKIE
Joi i BE I 25 57 IR OR PR IRE X ¢ G 36 A A 1 3 K R SRR
A FEFR, U P<0.05 WESASGIT¥E X,

& R

L. MEAR I A 9 0 2 0 7 25 21

XU ] s 4 5 2H B A2 25 3 5k 4H A b 2 ak
ARG MR B K fr W 22 R RS i E .. =4
T A 7K Ve S HE A S5 K B fr 147 ) 8 1 s 4 iy (1l 1~
6), 25 AL FE L (P<<0. 01) 5 v A B KR o HE R
MIEEAR T3 A B K RT B 22 5 LGt # 8 L (P>
0.05, %,%1)

o A AR v ) A 2

XSUD]'JﬁC*éWJ”?KZE\Ea Hp 2R 3 I 2 0 XU [R] Ak

A MR R 8 1T L S B K TR S 5 HE R 45 i HE R

HE A & B2 A WY R R ABLTO AR T H 48 i M A B2 =
HVE B KR T B HE R & B 5 R 4 i 22 R o g i
BN (P>0.05,% 2.3),

BRIV EA &

UM 52 BE 5K 4 B[] B 7 i 4 A it v 2k 9 K
A K U8 A4y B (5. 8540, 20) mL, (5. 64 +
0.35)mLAN(3. 5240, 31 mL, BUNAZ B 3 7k 41 5 3]
) B 5K 20 19 1 K R T A B 25 R R SR 2R L (P>
0. 05) 3 XU 58 B2 4™ 5 21 . WU ) B 4 5K 41 5 5 v 26 9
SR 22 A GeitF B X (P<<0.01)

B K UEE U 1 L

AR B Yk 4L R B — A HEAR
HEMA JG 2% /0 5t i i

5. BESG ]

XA [ B 47 5 41 B 28 B 4 5k 4 5 2k sk 4
TR MR 6 BB 4 B K (60, 47 £3. 77) s, (65. 53 &
3.63)s,(40. 552, 11) s, BUIN S B 47 5K 41 55 004 [+) B
Pk 2 F G F3E X(P>>0. 05) ; XU 28 #4775k
R [F R A S T AR 2 RA S R
X (P<<0.01),

KieH

i
HE DA FE 45 5 07 S B A I 5 40 L 2

E o R RS I JRE R A A A ) 2 B B AR
P o 28 B HEPR R AR N PP S ME M s 46 V53 I 42 43t 1
— BB B BCRIYT 15 PP A 3 TE T A AL At

EEERMA S E X (P<0.01), TEAFKRE
1 BAREIANNEZARKELE AHAAE LS
20 7 ENET ENJE tfa P 1
AN ) B K 4R
MR E 45 R A (ND 1398. 00+ 85. 35 2801.004+157. 79 —21.79 <0.01
HeAR R Z (N/mm) 1024.00£57. 50 950.00£23.08 3.95 >0.05
A S Y IR A
MEARJE 25 i A (ND 1420.00£80. 55 2938.004175. 15 —25.19  <0.01
HMe AR R B (N/mm) 1030. 00E£50. 74 963. 00420. 66 3. 60 =>0.05
B Xy R
MR JE 45 71 4 (ND 1433.00+80. 73 2876. 00156, 46 —25.87  <€0.01
HMe AR W B (N/mm) 1035. 0051, 04 969. 00416. 59 3.97 =>0.05
R2 ZHRKEGH EREARENGRERRRBL KL E
MR Z E (mm) )
28 3 BEWREFED
% 4 e S T T L
AN B B AR 4 29.30+2.78 21.90+2.04 28.20+2. 60 96.301+0.02
AN IR 29.24+2.61 21.9341.95 28.1842. 46 96.6040. 02
Y&y ka 31.69+3. 31 21.7941.97 26.254+2.74 94, 4040. 05
k3 CHBEEEN FRENTARENEAGE LY
. AN ) B 47K 28 AN Ry K B XYk
b3 K 5
A » 1 XA p1a XA p1a
i X T = 29.76 <0.01 35. 45 <0.01 6. 664 <0.01
ENFKRE G —22.49 <0.01 —32.68 <0.01 —6.09 <0.01
MEREG WS EANTFKRRE 5.27 =>0. 05 8.08 =>0.05 3.653 >0.05




A2 2019 45 1 A% 34 45 1 ] Radiol Practice,Jan 2019, Vol 34,No. 1 73

(4)

> Ul o W N

SRR PR AE AR T EL AT RUE A K B A [ AR R K
SEMEMR R L B AR S DB A O IET . HETE
A Wi PRAVE T 22 W 28 RUBR S AE A o™ I AR mT L
BB A 48 B B A R ) BT R S I JRE . 96 T Rkt
AT 5K T SRS 1 S A R S A W) g 2 () 4
FUMTOARAE . ASWFTEAE SRR L BRGNS 95K 85
HR A K AN XU [ I 7K A I 3 BE B K A s A A 1
P8 T2 R i T & 394 T s 24 AR S0 £ o SR YT Ok b
N ] E 4 5 2 R FH LR 28 XU [] 477 5 45 79 A ok 2
28 XUMIHE =5 AR5 AR S [a] IR BiR 9800 4 5 5 XU 28 45
75K L SR T B TR A XU 52 B T K o o — MRk A e 4 —
AR =5 AR AHE M 0 T 7 5K 58 U - TR 5K 55—l
5 R 2 BT B A SR T ER A 22 B HE S AR BE P AR
SRE . 2 R B R T S T A K BR A 6l T 4 A A
LR T WS HE A 25 B2 [] I 8 T 440 A 1A AL TS Tl — >
VL ] R X 2 P A P s o AR B0 0 B R R T A S
A+ B 7K U R T8 i R 246 A AR 8 A — A RIVIEZ i LA %
P 228 I S A ) R R B AR T 40 e 1 BB 8 5 2K
TR 2 AE 0 5 1) B 7

PKP i i Bk 9 37 5 T A K Y8 filf e 45 4 A 52

() (©)

R A R By K A4, R JE DSA 5| T 24 3 AR M F R IR EEMER AR BT KRB,
AL B R B KRR ARG EALAR L R AU R B AT SR 4L R G Ok F R A 89 B AR R AR L
HE M XY K411, B 7 DSA 5] 5 F 24 5 AR M F a2k & EMRA ST REME,
A A A Y IR IENF R B, B S YR AL E S B F R A G 9B KR A L,
HAE PR R4, 27 DSA 5l 5 T 24 5 AR M F R LR EAAMK AT PR KREL,
REZFTERYRKEANFRKREBR . ZREFTRY RAEEBHCE F R AE 0B RS,

F L B OE A A S M B . Lieberman SN )
30 {8 70 AN 45 P 47 ME AT BR BEAE R IS T OB
AR ARG HEAR @ BER R K 3000 ~T004 L F3 470,
PV A I DR IF 7S A A J A i PR B 57 2
970,60, A P A BR R ME RS D OROE R IE T
OVCF Bl R - HE M 5 BE K B 3R I 8 I8 T Belkoll
A HRSMIFTE A0 . 2EF I W 45 2R 22 5 1 A
TET 1 P 25 ME PR 4B AT 017 AL 2R B R MR A SR
SR B A 8 s 0 A A X LA A2 D 8 L 3 Sl
VRS89 St T A IR A A B 4T A A ) R Y i L BR
T HER AR A AL T — BOR U HER IS OB
R e S B XU [ P4 5 Y 48 A9 D X mT 0 T 4 A 1 1
N E AR ) B YA B A ) SRR L A S A
B =P R B B ERBEMEAR T T BB A L 2 BE5E
S T AR A M S v JBE L W BE s A A 1) B 7
T7 o FHRBRIENUN S5 1 5K S BBk e B R SKOF A
SEMEM bR AR TH R A . Belkoff 455 i 4
HP S A5 R WA D BB K8 (2mL) BV AT 52 AfE
ARSI 11 P90 BE A9 VK 52 DR 67 A 7] E 2 A 4% S . Ber-
lemann S5 ) {40 92 56 % B 1 A B K U 5 HER I



74 T 2F S 2019 4F 1 A48 34 %5 1 #  Radiol Practice,Jan 2019, Vol 34,No. 1

75 AR AT HE R 1% Je AR 07 7 RGO 5 B K U8 T 2
M. ABFFEEE SR, R FIHE S AR A B 5 BR 58 55
Pk b T K TR M AT 5 AERE b P R T R A
HE A 11 5 35 5 I8 5 SR G Uk 20 T i A i AR 3 HE 1Y
JE BRI F7 . 5 A S HE AR A [ BBk R B £ T 5K B )
2 O RIS T K U A HE AR PN R 2 1 4 A B LR
T A HE RNy B8 B 0 BT AR ) B s> T T R
IF) 0 S R R

25 L TR BABRAE B v 2R 5K AR AR A5 A ) B A
Y7 3554 TR) R T 9/ AR B ) R S R R 0 R T AR
AR B (E A I AR R
CESS ¥

[1] Kumar K,Nguyen R, Bishop S. A comparative analysis of the re-
sults of vertebroplasty and kyphoplasty in osteoporotic vertebral
compression fractures[]]. Neurosurgery,2010,67 (3):171-188.

[2] Barr JD,Barr MS, Lemley TJ, et al. Percutaneous vertebroplasty
for pain relief and spinal stabilization[ J]. Spine,2000,25(8) :923-
928.

(3] MRS XTI 5. Ml 5 AR BBk 32 25 R SR MER )5 1™ A
AR I R 2L BF 5 L] A A 2 2% 7, 2008, 42(5) :519-522.

(4] BRAGE 3R, 2% % 3. XAE X R8 % {05 MSCT X M #e &
5 IR RS W A (B b LT . 58 R BOA 2% 2k 7L 2013, 29 (12)
2017-2019.

(5] wFik, Srmde, A R0, 55, B I A 24 HE 1A BOTE A 5 4 15 o B
TEAR B KIS T B LA OGP R B LT, i A S 8 S0 ) 2 3
2015,32(1):123-125.

[6] Yimin Y, Zhiwei R, Wei M, et al. Current status of percutaneous

(7]

[8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

vertebroplasty and percutaneous kyphoplasty——a review [ ] ].
Med Sci Monit,2013,19(7) .826-836.
AR S T HE A 5 AR 5 55 Sky H ¥ 3K #% 5 BRBEHEM S M OB AR
XS HE S B B S [T 1. 52 R 2 2% 35, 2016, 32(1) : 99-101.
S BB S, 45 CT RS0 2 ) 2% 42 18 28 B A A U
A i BT E LT . % 52 8. 2017, 27(9) : 998-1000.
Papanastassiou 1D, Phillips FM, Van Meirhaeghe J, et al. Compa-
ring effects of kyphoplasty, vertebroplasty,and non-surgical man-
agement in a systematic review of randomized and non-randomized
controlled studies[J]. Eur Spine J,2012,21(9):1826-1843.
R o) AL I R Sy R RENERAY) ¥ P N &= il
AP M W B A 3% 224 BT 1) W R 97 KOO 6 [0 . v s AP R
:,2015,15(1) :50-53.
Lieberman IH, Dudeney S, Reinhardt MK, et al. Initial outcome
and efficacy of kyphoplasty,in the treatment of painful osteopo-
rotic vertebral compression fractures[ J]. Spine, 2001, 26 (14) ;
1631-1638.
IV A XIS | 55 BBk MR ST M R AR YT B BB A T
ARG A L) ], B AR 24, 2007,17(4) : 325-328.
Belkoff SM, Mathis JM, Jasper LE, et al. The biomechanics of
vertebroplasty. The effect of cement volume on mechanical be-
havior[ J]. Spine,2001,26(14) :1537-1541.
Berlemann U, Ferguson SJ, Nolte LP, et al. Adjacent vertebral
failure after vertebroplasty. A biomechanical investigation[ J]. ]
Bone Joint Surg Br,2002,84(5) :748-752.
B . EFE BRI 55 RSNA2016 A A 2% [T 1. O 24 52
#,2017,32(4):313-317.
Qi A3 2018-01-06 . &[] H 4 : 2018-05-17)



