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Abstract

BACKGROUND: Fragile bone in senile osteoporosis patients easily weakened pedicle screw fixation
capacity. Therefore, bone cement leakage and screw removal cannot be solved during pedicle screw
repair in osteoporotic patients with degenerative lumbar spine.

OBJECTIVE: To investigate the biomechanical properties of novel pourable pedicle screws and bone
cement application effect in osteoporotic patients with degenerative lumbar spine.

METHODS: Six lumbar specimens (T11-Ls) at the mean age of (72.9+4.2) years were selected, totally 42
vertebrae. The average bone density was 0.696 g/cm?. Any side of all vertebrae was inserted with
pourable pedicle screws. 2 mL of bone cement was perfused under the X-ray fluoroscopy with cement
push rod and filling cylinder. The same number of conventional screws was inserted into the opposite side
of the samples. Three-point bending test was performed in two kinds of screws. The maximum vertebral
axial pullout force test and the maximum spin torque test were conducted in vertebra to observe the
destruction of the vertebral body and implanted effect.

RESULTS AND CONCLUSION: (1) The ultimate strength and yield load of novel pourable cement pedicle
screws were significantly more than conventional screws (P < 0.05). Ultimate displacement and yield
displacement were significantly less in novel pourable cement pedicle screws than in conventional screws
(P < 0.05). (2) The maximum vertebral axial pullout force and the maximum spin torque were significantly
higher in novel pourable pedicle screws than in conventional screws (P < 0.05). (3) In summary, novel
pourable cement pedicle screw is simple to operate, can effectively control bone cement penetration, and

improve screw stability in osteoporotic vertebrae. Moreover, after treatment, the removal of screws is
convenient, cannot evidently destroy vertebral body or screw channel, and promote early recovery.
Subject headings: Lumbar Vertebrae; Osteoporosis; Biomechanics; Tissue Engineering

Cite this article: Liu Y, Liu D, Xiao YX, Chen HD, Zhao HW. Biomechanical properties of a novel pourable
cement pedicle screw and its application to osteoporotic lumbar degeneration. Zhongguo Zuzhi
Gongcheng Yanjiu. 2016,20(31):4671-4676.

0 3IF Introduction

B REAS SR IR B WP, BTk pem &
A R BT, B ROR G IRIK bR B DI T
ENAESE X, S e A A A MY
JBi . HEEHRAT R S8, 1B S giAs JE T 3L —
i, DMICE EME AL, PEFER TR
MatERg . gy, SFEMARES. B,
PEREI R A W] AR AL, SR B AT R
T R A R AR B BRI T ik, X
(IRIE 28 A AE 1 T AA R AR AT MR MK R, &
BRI T UG 8220, HE = AR ET 2K ) T — i i
BT, 5S04 FR o R SRRk R e . H2,
X 1B R AAE A TS, 418 R BUE S, AR
FERFAE S HOIRET , 75 5 3 FOME 75 ARMRAET 142 B B4k H
580 58 R AR T TR, 890 2 R SLA D 2k
SAE. AU, AR b e . 45 v B B AA HEAR Y
HE RO AT BN AR P, DD AR B BB IR RE K

4672

M B IIE R A

BESRIRET AU PEWT ST S, TR A .
MRZAF WL R TR, HERIRET R eV B w1
AR AR, LI S 5B B vy o [ A2 2 SRR ELAR MR AT
ZEBEMEARTT T B2, M) 2R PR AT A TR Y IS s A 1) 5
VA G SRR AT (A O R, R AT OB AL
TE AR TN A Tl BE IR [ O BRE IR R 7, AR ER
FLN IR TG BEIRPS 1 KVE S, BIRE SRR IMES
MO [ 52 5 s (LA, KU A PR B 5 B K
VEHEEINSHN « SRETIUL SEIFAOAE, 3 BRI A7 AE
BORIBR S o ARG 2 i R R E T AT BB Ik veit, JF
SRS H KRR Tk, AR 13k e
EE, EERRE AR NI R, BT i
A AR AR 2 1 .

SRR e BB (M AR A (T -Ls)B L, 94T
RN B KD ME 5 AR AT (2B g A M e SO AE B
JoB R 1 A X A 6 v ) I T 28R

P.O. Box 10002, Shenyang 110180 www.CRTER.org



G, B AT AT T RIRET ALY 2 HEBER A 17 iR LB AE 1 ]

@j—féz www.CRTER.org

1 ##lF17A5%  Materials and methods
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Figure 1 Novel pourable cement pedicle screw
BARET Bk I SR R A et Ao TIRET

HOERAL, AR R2.0 mm, UL Py o 23 LI S o 9 A2

BN, BEUEREATREVE AT AME LIS IR AL S M . IR

/3BT 6 Pl 42 728 AT AHE AL, AL H421.3 mm,

UZSRE T ) BN &2, S5 10 & 434

1.4 Fik

1410 SCRIE P MEAATE R MHE S MR EA

FVE KV HE S RURET,  SRAT/KYE HERT FIHEE f 7EX

SPEIEAL NREVE2 mLy K GBI (R ) By 2 A A7 R

A w]), AEFFRERRA O E N RE H HRET, Fr AR

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

J3E T 453 M A 000 12 J5 B 5 1180%-90%!".
1.4.2  AEWYPEREINE T7 %

SEZRSEL: Ay A0 AT RETE YR K Je ME 7 R
BT LA KO/ UM =5 MR ISET , B L BCE AEM BIHL 1 (36
FEIBOSE A m) JkAT = pU25 H SI246 o HWRET A A A i)
Je B b, XPRRETHE AR AR N TR B R ), B RRRET
250, A0 SRURET 2 il N R T

EA ML T35 B0 H S AE A REBL
RHT B R D SE . SR 1A L R A R
by I R S A A AR 72 LA 10 mm/min (N
HPERATI 5286, FRRETRIN G 50k, SRR )
PN LIE /1AL

BEAFEH HAELT W22 BN E, R
A e BT, 7EME S ARIRET R amU BB 2 5
LA, K240 C)minfg ST REH, FRIRET RS,
SR A
1.5 EZIERAGA:  SF2RRET AT = 5 il se s, xf
16 EYOATE A4 1 AT 5 K3 1) R L T S5 560 R e e+ g R sl
5, WGHEAR IR D0 SR AT BENRR
1.6 %itFEod RIHISPSS 18.0%81F 4 K45 1%L
AT AT, Hrp R G IR /A R 24T FL R 3 %2
IIHT, ARG ST LILSDIA P P EL4E . P < 0.05
PEORE LR B 7] 22 e A7 W 5 R

2 %R Results
21 FRATAREESH  AING LR TSI AR R A
FRAs, EBEEANLE R AT, TIRTATFE R BAbRA.
2.2 WA ZARIEATHY = BT L s Rkdr B
FTETE K EME =5 AT (AR B A et R ¥ S 3%
KT IZET(P < 0.05), W BRALRS A A7 B 35t
INTRFIZET (P < 0.05), W31

E27] DU Y, 87 8 m i K e AE 5 AR AT
"W R BT R L AR B 55 RN e IR S 22 S W R
(P < 0.05); 7 2ny v i KPR ME 5 L MEET A FnE 4T
FHECAR PR A R0 IR e g, H e e, B B m]
HKVRME S ARIRET S InA e, AR )R .
2.3 WAAE S ARIBATH S G R ki SRR,
BT T R KR AE B AR AT 1)l v ) KT
WHZ4T (P < 0.05), WHES3.
24 WATARE S ARIFATHI R Kaed A FELE SR W
7, AR EE B K ME AR R AT TR R R H ) R
KT H 24T (P < 0.05), W.E4.

4673



X, S B AT KT HE T HRIEETHY L) 0 L R 17 i i RS 2 9 /]

@]%2 WWw.CRTER.org

F 1 FMESIRIZITH = ST M LW SRR (xts, n=10)
Table 1 Comparison of three-point bending test indexes of two kinds of pedicle screws
IRET 2 A2 BEL 588 2 (N) B AL (mm) Ji Ay (N) J IR A2 (mm)
BB T SR KA AR MR AT 3 534.00+£321.00 21.1242.50 2632.00+170.00 11.25+1.42
S HIRET 3 082.00+144.00 24.784+2.12 2 342.00+154.00 13.10+53.00
t 20.77 19.88 23.51 21.24
P <0.05 <0.05 <0.05 <0.05
z =¥ 4= 525
3 BT A T 1 T O gk sl Dy B2 PRESRESTNZRS
45001 a 3T i ML A
:ggg i T 30[ a T Figure 2 Comparison of
3000 |_ I a _. 25 |_ three-point bending test results of
2500 F I T E 20F l |_ a the two kinds of pedicle screws
2000 TE] S s} T T mw swmmerwn, P <
1500 2 ol J_ l 0.05., i R AT T 7K R ME 25 AR
1£? 5| TR R . AR 3
0 KT HHIRET (P < 0.05), HFRAL
AT JE R (N) PR iR IR B A IRAL 7S 15 18 25 /N T R
£T(P < 0.05).
12001 20T a
181
1000 a _ 16}
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= = 08
F 400} T E 06k T
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200} l B 04r |
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Figure 3 Comparison of axial pullout force of two kinds of
pedicle screws

Bl 5 HIRAT LhE:, 2P < 0.05.
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Figure 4 Comparison of maximum spin torque of two kinds of
pedicle screws
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VEVE B /KT MRAT 7 MR St o R BT, (EIRET
HBREE Ay, LRI RS B K TR R 2
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