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[FZE] BB BB B A 45 25 I HE B2 K CHE = AR IZAT (expansive pedicle screw, EPS) 5 8 7K U it £k HE =5 AR
I2£T (polymethylmethacrylate—augmented pedicle screw , PMMA-PS) [# 22 i) 2l &5 83 5 1 . F7 % -8 FUIEERE AT ft 4
4 °F  {AH 55.7+5.6kg, FE R 5.5£0.7 % o AT WU IR EEUTER A (8T AR) IS 1A H IF A 2 82U IA) T 560 TP B 5 i Ay
I8 (0.45mg/ke/d)10 A~ A BT PR S RE 1A GRS ) W & 40 2F EHE 1) 5 % B (bone mineral
density,BMD) ,BMD & 35 F B (>25% ) I Ay 15 J03 i ¥ 2l 0 A5 100 g D 57, A 06 9 4 IO o 4 2 I A (L1~
L6) BEMLAY N 3 41, B4l 2 A-MEHE, 538 HE 5 ARIRET (conventional pedicle screw,CPS) 41, H#E#r A CPS;
PMMA-PS £ , 1] £1 38 P4 1 A 5 BB D9 4 2 YR (PMMAA, 1.0ml) J5 43 A CPS;EPS 41, EL 447 A EPS, BT A A
JG 6 JER 12 45 b AT 4 HA A U JBEHE | 0 BR AR A ) PR A 2R 41 1 % A Tl 48k A 8 T i 8 P A, R
I B AL 06 0% — 00 7y BT A7t o A A ST A R AR B 5 T MTS 858 AR WA BESE IR AL b, AT #E 5 ML AR BT K Al Ty
] LA Smm/min A T 28 38 B2 BE AT 4l ) 410 S B0, W0 SR AT A S KAl 4Kt U0 (the maximum pullout strength,
Fmax ) 1 88 & WYX {H (energy absorbed value ,EAV) . £58 . FEFIFT )5 45 2F MEAHE 9 BMD 431 8 1.14£0.10g/cm?
F1 0.83£0.07g/em?, @ HL 5 BMD &% T B (P<0.05) , V-3 27.29%(25.4%~28.9% ) , ‘B J5T i # 47 - 155 70 g g
.. EEIARJG 6 JA EPS 411 PMMA-PS 4111 Fmax 43 %% 1252.13+203.51N 1 1426.38+235.75N,EAV 43l A
2.48+0.45] Fl 2.84+0.55] , 1 B 3 % F CPS 41 (827.88+139.22N Fl 1.66+0.30]) (P<0.05) ; 4T AR J5 12 J& EPS 41
A1 PMMA-PS 21/ Fmax 4351 & 1518.88+256.81N 1 1472.75+248.65N ,EAV 43 34 3.09+0.59] F1 2.95+0.60],
¥ 4.2 F CPS 41 (906.63+152.50N 1 1.80+0.35]) (P<0.05) ; & 4T A J5 6 J& .12 &l EPS 411" Fmax f1 EAV 5
PMMA-PS 41 W 22 5 ¥ L Ge i 5 L (P>0.05), B ETRJG 12 il CPS 240 H PMMA-PS 20 (¥ Fmax 1 EAV A
HEETARIG 6 J8 i T 1 AE1k (P>0.05) , B ET RS 12 Ji EPS 2169 Fmax fl EAV 8 [A 4L B ET AR5 6 Ji 1
AR EERE S (P<0.05) . 418 : 5 CPS AH I EPS WJ 1 25 52 5 MR BT 76 - b A% 45 S A rh i e e 1k O s B T 5
I PR 5 P 19 PMMA-PS 32 81 [ 72 R

(SRR ] B BB ; I MKk 2OME 5 AR AR BT 2R W BRI TR P IR 5 A 0 2 Re e ik
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[Abstract] Objectives: To compare the biomechanical performance of expansive pedicle screw (EPS) and
polymethylmethacrylate—augmented pedicle screw(PMMA-PS) in osteoporotic sheep lumbar vertebra. Methods:
osteoporotic sheep model was established through bilateral ovariectomy combined with the intramuscular injec-
tion of methylprednisolone (0.45mg/kg/d). The bone mineral density(BMD) of sheep lumbar was examined be-
fore the establishment of osteoporotic sheep model and one month after the injection of methylprednisolone,

more than 25% decrease in BMD of lumbar spine was considered as the successful establishment of osteo-
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porotic sheep. Six lumbar vertebrae(LL1-L6) in each sheep were divided into three groups randomly(two verte-
brae with four pedicles in each group) after the establishment of osteoporosis sheep. In CPS group, conven-
tional pedicle screw(CPS) was inserted through the pilot hole into vertebral body without any augmentation. In
PMMA-PS group, PMMA(1.0ml) was injected into the pilot hole prior to the insertion of CPS. In EPS group,
EPS was inserted through pedicle into vertebral body. Four sheep were sacrificed and lumbar vertebrae(L.1-16)
were harvested at the 6-week and 12-week post-operation, respectively. All the lumbar spines were disarticu-
lated and dissected free of soft tissue,

yielding individual vertebra. For two pedicle screws in each vertebra,

one side was selected randomly for axial pullout tests. Once the specimen was tightly secured, each screw

was pulled at a constant speed of Smm/min by MTS 858 until purchase failure. The maximum pullout
strength(Fmax) and the energy absorbed value(EAV) were recorded. Results: BMD value before and after the
establishment of osteoporosis sheep was 1.14+0.10g/cm? and 0.83+0.07g/cm? respectively. There was a signifi-
decrease on BMD (mean 27.2%, from 25.4% to 28.9%)
osteoporosis sheep(P<0.05), which demonstrated the successful establishment of osteoporosis sheep model. At
6-week post—operation, Fmax and EAV in both EPS group(1252.13+203.51N and 2.48+0.45)) and PMMA-PS
group(1426.38+235.75N and 2.84+0.55]) were significantly higher than those(827.88+139.22N and 1.66+0.30])
in CPS group(P<0.05). At 12-week post—operation, Fmax and EAV in both EPS group(1518.88+256.81N and
3.09+0.59)) and PMMA-PS group (1426.38+235.75N and 2.95+0.60J) were significantly higher than those
(906.63+152.50N and 1.80+0.35]) in CPS group(P<0.05). There were no significant differences on Fmax and
EAV between PMMA-PS and EPS groups at both 6-week and 12-week post—operation (P>0.05).

also no significant increments on Fmax and EAV in CPS and PMMA-PS groups at 12-week post—operation

cant between before and after the establishment of

There were

compared with those at the 6-week(P>0.05). In EPS group, however, there was a significant improvement on
Fmax and EAV at the 12-week post—operation compared with those at the 6-week (P<0.05). Conclusions:
Compared with CPS, EPS can markedly enhance screw stability in osteoporotic sheep lumbar vertebra with a
similar effect to the traditional method of screw augmentation with PMMA in initial surgery in osteoporosis.
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MA-PS) [ 7 5 B i 5 AT L3 mg 2 JEHESh iy
RN B2 LU AT 58 H T7E [ A A AR

BT HC B T B P 4 SR TEHE N EPS T PMMA-PS
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CPS K 20.0mm, H4# A 4.5mm (& 1a), EPS
£ 20.0mm, HAE N 45mm, FREEERERN
1.0mm, BRET A9 AT 78 53 9 — 9 1) BB 50 S P
g1, WRR AT 28 v a2 s i ABRET, I SR T 1) 1 o
ZhKk (Bl 1b.c). CPS 64 #,EPS(H L ENE JE
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- R E ST AR A R AE . PMMA B K
e (REEA B TAL AT T A7) R ik iR
Bl o AHEE X 4 Wi B % X (Lunar Corp,
Madison , WI, USA ) 1 sl #5 4= X s B= B $2 43t . MTS
858 = Wy A KE L B AL (MTS System Inc,
Minneapolis USA), PURgACH K2 I 2425 55 s
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1.2 3 Bei ot g a4 750 g Ny

8 L fdt e AT MEPEAR S, CRR AL IX R B e
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] G S A 4 IX A = It O T 3 ) 52 0 1 B AR 3
SFRE o WUPA T SR 3 MR (0. Tml/kg, T RN R St ik
AP = R F B BRI AR BRI ) )5, 49
ZE TR MO I 1 2= B iy I HE 15 %5 2 (bone mineral
density, BMD) , ¥4 FMWEN TV ERIF AR G &
i858 ]SSR ITHE S N VAN D& N 1R 01
MEBR e 1.0g,2 /H 33 H, ARJE 1AHIFGH L
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ToA KRN JE OO i HE BMD 43 5 I A
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Bl YA B Ty N1
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20mm, B 24 EHE (L1~L6) BE L2 3 41
(F 1), CPS 4. HEFr A CPS;PMMA-PS 4 . fii
eI ETIE N A PMMA (1.0ml), RJ547A
CPS, PMMA #% & (#5751 7K 511=2:1) 19 EE A7 i2E 7 i
il 22 AR BT HE AT S EPS 41 FLEE4T A EPS,
WK EEG VIO, AR/ RIFHESE 3d 4T3k
60 A8 Wb 51 977 R e 2 VTSR AR 5 s k& 1 3l
KYIO@maEn, TARE 6 A 12 4 4b3E 4
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BAASHER A B AE BE AL 1E 42— 0] F) B AT 47l o)

B 1 e S RERET (CPS) R MKk =UHE = AR IR 5]
(EPS) a CPS b EPS KA ¢ 4 IEIRIKE EPS

Figure 1 The conventional pedicle screw (CPS) and
expansive pedicle screw(EPS) a CPS b The component
elements of EPS, including EPS, bolt, rod and nut ¢
the expanding EPS, which was achieved through in-
serting the bolt into the interior of EPS, pressing the
rod onto end of the bolt and tightening the end of

screw

*1 BREFEHENENLSARBR
Table 1 Random distribution of lumbar vertebrae from

every sheep into three groups

A CPS# PMMA-PS 41 EPSZ
Number of sheep CPS group PMMA-PS group  EPS group
1 L1,L6 L2,L5 L3,14
2 12,14 L3,L6 L1,L5
3 L2,L3 L4,L5 L1,L6
4 L2,L5 L1,L3 14,L6
5 L3,L5 L1,14 12,16
6 L1,L3 14,16 12,15
7 1L4,L6 L1,L5 L2,L3
8 L4,L5 L1,L3 12,16
P Ses

1.4 Bl 4R S8

W HEAR [ 22 T MTS 858 A=Wt RS L I,
T HE 5 AR ET KA U7 18] L Smm/min (14 90 28 5 B
PEAT SR S5 1 IR E TR AR IS 45 1 MR ET
PR B v RS — A i R B e g e B D
B R R SEER LAY AT 15 S th T SO R
FRaricsk, I AR A IR R R R T Y
K & 1 71 (the maximum pullout strength,
Fmax) FIGE & W UYL (energy absorbed value,
EAV) (I 2),
1.5 Geiteab

THEBORER ] s F71, RH SPSS 16.0 it
P8 o A, A B IS 45 SF BEAE BMD By HE AR
PR ¢ K5 4% 1] 50 3 2] Fmax Al EAV )
PO AR T B IRL 2R O 22 93 W, 3 2HL ) 1 79 G L AR
F SNK—q K256, P<0.05 401 0 25 FUE

2 ZR
2.1 KRR
2 S NEHE B AT T R BR RS B S 1 T ki,
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MRS ARJEES 2 Kol ATk ARG 1A
) EEEMIER GO BB ARG 2 E, Y
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455 B T 4 2F EME ) BMD 43 oA 114+
0.10g/cm?® F1 0.8320.07g/cm?, T M35 27.2%
(25.4%~28.9%) , 511 J5 BMD [ 25 73 A G it
B X (P<0.05) , B 0T B b 2 SRR L ) #E 5T
2.3 Ak s

3HBEE ARG 6 I 12 Ji ) Fmax Al EAV
W2, BETARSG 6 JAF 12 & , PMMA-PS 41l
EPS 41 ) Fmax F1 EAV ¥ K F 8] i 8] 5 CPS
W, 2= RBA SR E L (P<0.05) ; [F B [H] 8 EPS
205 PMMA-PS 21 Z [ () 22 7 L Geit 7 2 L (P>
0.05), BEIARJE 12 J& CPS 211 PMMA-PS 41 K
Fmax il EAV 5 EE£IARJG 6 Jil LK 22 RIS 112
=X (P>0.05) ;1 EPS H&4T KRG 12 J& H Fmax
MEAV BE&STEIARG 6 M, 25 A%1T%E
X (P<0.05),
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KI5 USS Tenor . CDH 453 18 Mk = AR M2 4] AH
e, EPS A] ffi P [ 2 () Fmax 43 51 48 55 48.4% |
40.8%F1 25.3% ., SN DFFRIE BT EPS [# & 1E
NEE A AL R SR = S iR SR AR DRV N G
G, ARGF AR T A B RN S T R
WA E P L R  EPS ASHE I = AR Ak i) B A% IR
ETRRR IR, T LA dd PR ARG D81 348 i B2 4T 1) B AR
I B ok (4 A DG AR

M 76 5 AL SR ET 7 T, 28 K F 58 FE 52 PMMA
BN = P B R ET R ) A AL AR T 4R
i, HamE WA T EPS 5 PMMA-PS 7614
PR 7R P i R PR Sh A LU AR . mTI 5T

B2 MRETHRO AR P R AT LA R I AT Ik
) d5 i 2 5 SR B I 3T BRI X B 11 24 Fmax,
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Figure 2 The load—displacement curve in the axial
On the curve,

pullout test. the maximum pullout

strength (Fmax) was defined as the inflection point
where the load peaked and then sharply decreased
with the increasing displacement and energy absorbed
value (EAV)

was determined as the area under the

curve before the onset of failure point

(n=8 ,x+s)

Table 2 Results in axial pullout tests in three groups 6 weeks and 12 weeks after insertion of screw

CPS#H

PMMA-PS EPS#H

CPS group PMMA-PS group EPS group
ARG 6 A 12 4 AR5 6 JH ARJE 12 4 R 6 JH ARG 12 8
6 week after 12 week after in- 6 week after 12 week after in- 6 week after 12 week after in-

insertion of screw sertion of screw

insertion of screw sertion of screw

insertion of screw sertion of screw

Fmax(N)
EAV ()

827.88+139.22
1.66+0.30

906.63+152.50
1.80+0.35

1426.38+235.75"
2.8420.557

1518.88+256.8172
3.09+0.5972

1252.13£203.517
2.48:0.457

1472.75+248.65%
2.95+0.60

11 (D5 [ — B ] 2 CPS 41 4%, P<0.05 ;5 A4l AR J5 6 Ji L&, P<0.05

Note: Dcompaered with CPS group at the same study period P<0.05; @compared with the same group at 6-week post—operation P<0.05
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