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[ Abstract]Objective : To compare the stability of expansive pedicle screw(EPS) and polymethylmethacrylate—augmented pedicle screw
(PMMA-PS) in osteoporotic synthetic bone blocks. Methods ; Thirty osteoporotic synthetic bone blocks were randomly divided into
three groups (10 in each group). A pilot hole was prepared in advance using the same method in all samples. Then,the conventional
pedicle screw(CPS) was inserted into the hole in CPS group,the pilot hole was filled with PMMA (2.5 ml) followed by CPS insertion
in PMMA-PS group,and EPS was inserted into blocks in EPS group. Twenty—four hours later, X-ray and CT examination and axial

pullout tests were performed on all samples. The maximam pullout strength(Fmax) and energy absorbed value(EAV) were measured.

. - Then, the destruction of blocks was observed and the diameter
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obvious expansion in synthetic bone and formed an unguiform structure which pressed surrounding synthetic bone. Results in the ax—

ial pull-out tests revealed that screw stability in both EPS group and PMMA-PS group were significantly enhanced compared with
that in CPS group (P<0.05). But screw stability in PMMA-PS group was significant higher than that in EPS group (P<0.05). After
pullout of screw, the destructions of blocks were the most severe in PMMA-PS group and the lightest in CPS group. The DOH in
PMMA-PS group and EPS group were significant bigger than that in CPS group (P<0.05). But the DOH in PMMA-PS group was
significant bigger than that in EPS group (P<0.05). Conclusion ; EPS and PMMA-PS can both significantly increase screw fixation

strength in osteoporotic synthetic bone blocks. In addition, EPS can avoid the shortcomings caused by PMMA. Though, EPS shows less

effect on augmentation of screw stability compared with PMMA-PS in osteoporotic synthetic bone blocks, it also provides a new study

direction to prevent screw loosening in osteoporosis in clinic and avoid risks caused by PMMA in traditional method.
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Fig.2 Axial pullout test
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Fig.3 Results of X-ray examination of three groups
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Fig.4 Results of CT reconstruction in three groups
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Tab.1 Results of axial pullout tests in three groups ( n=10,x +s )

Bl L SR CPS#H PMMA-PSZ EPSZH FAH PAH
Fmax (N ) 48.50 £9.22 217.40 + 62.15 84.50 = 11.36% 58.234 0.000
EAV(]) 0.11+0.04 0.41 +0.08" 0.18 + 0.06" 63.126 0.000

DOH (mm ) 8.40 = 0.86 13.85 + 1.63 1029 £ 1.15* 48.430 0.000

T :a, 5 CPS 40 His P<0.05;b, 5 PMMA-PS 4 H %¢ P<0.05
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Fig.5 Observation on the hole after axial pullout test

in three groups

3 3 i

H iy, TR R ETHA Sh AT 3 2 AR rh e el gk IR
TR RIS ET T A FE PR 7 T . AE R E RS 7 I
JRET B EARA B S AR AT MR R ER,
TSR I BT B4 B T AT R A HEAAR T 2% B o, 5 15
MAE RT3 SR, o8 1 ke LR XUBS: , AR
Cook AAXERIN—LL2zF A Al EPS, BFgE R HE-0,
EPS 7] DL 8 £ 5 1 B A A5 1 T 38T AR e 1k
S BN A T S BB T AR b —Fh AR R,
EREIR LS IEH B B IR F A BRI RZCR .
APRETE Cook BT SEAM L SR T iy vy DU ¢ 5%
THEsCHE PR T SRET IR —rp dezs i HET
AR A — YA AL T R AT Y b e A A AR
S SRET ARG A S PR, R N AR S IR T BT
sy [ AR 145 , 7T LA (SR ET O IS8T B i St
{AEMEIR N R IK | oo 1 HE = AR 7, IRSME)
JIF LGRS, 5 USS, Tenor, CDH 45355 124 TAH
e, EPS %) Fmax 73 |2 5 T 48.4% 40.8%F125.3% ,
H A BP0 5558 B TR R rh 23 By 25 A6 17 3 28I 4
()RR, ARPIBIFGRI MR EPS ZEIR PN Bl T )3
(B 0T 25 TR T B B T AT, ARG ) 4

T A BTBAS S T R e

MAE R ALSZET 7 T, PMMA #A k245 i i 4y
e B ST SRR, Kiner 250N Ry Bi& 1 F2 Hp
fii ] PMMA 546 7T DA A e vk T T 5 (AR
P, Cook ZFIHE | 75 ™ B BB A Y 7 AR AR A Hh
i PMMA A] LU# EPS 1) Fmax $£5 250% , X M
T PMMA S8 4b-B BB 5514 T SR ET RS M i) 1o 3
R, R PMMA HARZ K, HEEE RN
HUBR R B I AR SR 032 1 I i i
PASRAE T A IRET A [ 1 N AMA A T
M 1R EPS Al PMMA -PS £2 5 M (0 He A iF
58, UHOBRTEMIR B AT B rh | X R A S 00 i AF
FEHM, ERE, BT S WE A R A
NIEARI R R B AE A, L, it B BedR
T AT ARAT P bR AR IR B A B, G H AL 1
PRAL AT AN 5t A T Sk iZ it s iy ATk,
YE#H1EH 1522-507 RUR ST BHG B BB A T
BN N SZEBRAS | 5T EPS Fil PMMA-PS ¥E47T T
WL USRS AT 45 1] [R) PR A T A
R, 95% LA B R GRELBRSS K, AT DU L
FTBRAN RS RS BT 1 IR 2540 S T 22 o, O
ELTE FE MRS g o -2,

W5 &I, EPS M ETYRAE PU AR B B i AK
5w AR ETAR LY, A TR T [ R T
PMMA ™5 A0 FE08ET 100 1 SR T ] LMD ARL %) 5
PNIIRTE 2/ =0 SANiOY Vel d e e g S (B ]
f)—2, 15 PMMA-PS ALt , EPS At Fs e P 20
B, EF I ATRES P AR REPLSA
Ko EPS 2 ZE3H 8 A v i B Ak FBT VR R Dk $
FarE M, 5 & PMMA AR XS 25 0 40 A AT 18 )
B, 7 A BB ET A K BN T IRET AR H AR
FPMMA 5 J& B AR Ak AR, S 1 3k
HIZET/PMMA B AR5 PU ARG EEIE 7, il
A AR AR R BAR R B, PMMA-PS ik
(ISR A KT EPS, 53X M 5 A —A 1 BE Ui T
BRET/PMMA 525 ARBIAR  f Frf B s T EPS, B
PMMA-PS (JFa5EPER T EPS, BN T AR HES
HRURET 0 A% P 2 2 Pl A 5 AR ALk A R PR 1 3508 43
H A, Hod K2 60% K1) Fmax 2 fHE S AR PR E | T
B BURBIUMEAR AL BT A 2548, BT L) T 24 25 1
ISR 2 T IR ET ZEMER P A9 [ 2 5 I AR 05K
() SN BRET ) 12 MERE

TiAk  BRETE AMEGRI ) JE LA BN R g B



— 180 —

BERERKFZER 2015 ££55 40 &5 2 #7 ( Journal of Chongging Medical University 2015.Vol.40 No.2 )

AR YT, AT R 35 T Rk
W —E R LIRS TIRET S B AR A
PU PRI PEAR & , 78 B AT R rh g T 57 e & A=
Wiz HEWE R AT REEAMEN , X T
EPS (47 AFIREIKET A 2 e R %
KT EPS AYRERLR , MiXt PMMA-PS i, $55
[VETIE NE AR PMMA ZER AR R AR
2 5 JRy 0 4 %) [ st 9 2 T MR 4 A ] LA
R WT AR5 o B iz EPS A1 PMMA-PS
Z B LRSS SN R O B SR L, (A2 EPS
F1 CPS YA B /K AEA  EE A
XFAA R B A AT LA 2L e 25, b gl 2 10 i
JEEAS S5 EPS Y [ 5 5 B 5083 IR AT A W i
P3RS . AL AEEOCR A T Rl 4K 1 52 58T
PrIRET BASE R, R TR R e P R R R4 T
JE BT 25

IR R EPS BYARE MRS 2% T PMMA SR
ABI2ET (B 5@ HE S ARIRET A L EPS EA B Y
A2 S, B I DR TR B o A A R A MR T
PRSI R UL TR0 7k . N — e BB
SRR N FLHE EPS AT PMMA-PS [ g o il
ETTE SIS,

s

z x #

[1] Tokuhashi Y, Ajiro Y, Umezawa N.Outcomes of posterior fusion us—
ing pedicle screw fixation in patients > or=70 years with lumbar spinal

canal stenosis [J].Orthopedics,2008,31(11):1096.

[2] Fisher C,Singh S,Boyd M, et al.Clinical and radiographic outcomes
of pedicle screw fixation for upper thoracic spine(T1-5) fractures:a ret—
rospective cohort study of 27 cases[J].J Neurosurg Spine,2009,10(3):

207-213.

[3] Reitman CA,Nguyen L,Fogel GR.Biomechanical evaluation of re—
lationship of screw pullout strength, insertional torque,and bone mineral
density in the cervical spine[J].J Spinal Disord Tech,2004,17(4):306-
311.

[4] Kiner DW, Wybo CD,Sterha W, et al.Biomechanical analysis of
different techniques in revision spinal instrumentation:larger diameter
screws versus cement augmentation[J].Spine (Phila Pa 1976),2008,33
(24):2618-2622.

[5] Polly DW JR, Orchowski JR, Ellenbogen RG.Revision pedicle

screws.Bigger, longer shims—what is best?[J|.Spine(Phila Pa 1976),1998,

23(12): 1374-1379.

[6] Liu D,Wu ZX,Gao MX, et al.A new method of partial screw aug—
mentation in sheep vertebrae in vitro:biomechanical and interfacial e—

valuation[J].J Spinal Disord Tech,2011,24(5):318-324.

[7] Bullmann V,Schmoelz W,Richter M, et al.Revision of cannulated
and perforated cement—augmented pedicle screws:a biomechanical study
in human cadavers[J].Spine(Phila Pa 1976),2010,35(19):£932-939.
[8] Paré PE,Chappuis JL, Rampersaud R, et al.Biomechanical evalua—
tion of a novel fenestrated pedicle screw augmented with bone cement
in osteoporotic spines[J].Spine (Phila Pa 1976),2011,36(18):E1210-
1204.
[9] Cook SD,Salkeld SL, Whitecloud TS 3RD, et al.Biomechanical e—
valuation and preliminary clinical experience with an expansive pedicle
screw design[J].J Spinal Disord, 2000, 13(3):230-236.
[10] Cook SD,Salkeld SL,Stanley T, et al.Biomechanical study of pedi—
cle screw fixation in severely osteoporotic bone[J].Spine J,2004,4(4):
402-408.
[11] Cook SD,Barbera J,Rubi M, et al.Lumbosacral fixation using ex—
pandable pedicle screws.an alternative in reoperation and osteoporosis
[J]-Spine J,2001,1(2):109-114.
[12] Lei W,Wu Z.Biomechanical evaluation of an expansive pedicle
screw in calf vertebrae [J].Eur Spine J,2006,15(3):321-326.
[13] Wan SY,Wu ZX,Zhang W et al.Expandable pedicle screw trajec—
tory in cadaveric lumbar vertebra:an evaluation using micro—computed
tomography[J].J Spinal Disord Tech,2011,24(5).313-317.
[14] Wan S,Lei W,Wu Z, et al.Biomechanical and histological evalu—
ation of an expendable pedicle screw in osteoporotic spine in sheep|[J].
Eur Spine J,2010,19(12).:2122-2129.
[15] X 3k, RT7HEH R, S RO TE D7 RS e 5 AR RET R
SETERIPRSNMEY) J12E 05 0] P 5 0E T i 4, 2011,26 (1) :
38-41.
[16] Chang MC,Liu CL,Chen TH.Polymethylmethacrylate augmenta—
tion of pedicle screw for osteoporotic spinal surgery:a novel technique
[J]-Spine(Phila Pa 1976),2008,33(10) : E317-324.
[17] Moon BJ,Cho BY,Choi EY,et al.Polymethylmethacrylate —aug—
mented screw fixation for stabilization of the osteoporotic spine:a three—
year follow—up of 37 patients[J].J Korean Neurosurg Soc,2009,46(4):
305-311.
[18] Bullmann V,Liljenqvist UR,Rédl R, et al.Pedicle screw augmen—
tation from a biomechanical perspective[J].Orthopade,2010,39(7) :673-
678.
[19] Chen LH,Tai CL,Lai PL,et al.Pullout strength for cannulated
pedicle screws with bone cement augmentation in severely osteoporotic
bone : influences of radial hole and pilot hole tapping[J].Clin Biomech
(Bristol, Avon) ,2009,24(8):613-618.
[20] Chen LH,Tai CL,Lee DM, et al.Pullout strength of pedicle screws
with cement augmentation in severe osteoporosis: A comparative study
between cannulated screws with cement injection and solid screws with
cement pre—{illing[J]. BMC Musculoskelet Disord,2011(12).33.
[21] Tsai WC,Chen PQ,Lu TW,et al.Comparison and prediction of
pullout strength of conical and cylindrical pedicle screws within syn—
thetic bone[J].BMC Musculoskelet Disord,2009(10) :44.

(WHERSR . KAR)



