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Application of two different pedicle screw augmentation techniques
used for in vitro sheep osteoporotic vertebra model

CUl Yi, LEIWei, LIUDa, WU Zi-xiang, SHI Lei, LIU Xu-li( Department of Orthopaedic Sur-
gery, Xijing Hospital, the Fourth Military Medical University, Xi’ an 710033, China)

Abstract; Objective To determine the effects of the two kinds of pedicle screws with cement augmentation used
for in vitro sheep osteoporotic vertebra model. Method Forty osteoporosis specimens of lumbar vertebrae demi-
neralized by decalcification solution were complete randomly devided into four groups including Group A (only
screw) ,Group B (whole trajectory filled with PMMA) , Group C, ( partial trajectory filled with PMMA) and Group
C, (partial trajectory filled with PMMA). Osteoporosis specimens from four groups were tested by bone mineral
density (BMD) and observed by spiral CT and MicroCT. The maximum force and energy absorption of pedicle
screw were tested. Results BMD in each group were averagely declined about 25% ~30% (P >0.05), so os-
teoporotic vertebrae model was successfully established. Spiral CT and MicroCT showed that screw of Group B
was fully surrounded by PMMA , which constituted screw-PMMA-bone interface , while screw of Group C, was par-
tially surrounded by PMMA, which constituted partial screw-bone and partial screw-PMMA-bone interface. The
axial pull-out test showed that the maximum force ( F,,,) and its energy absorption in Group B, C, , were signifi-
cantly higher than those in Group A( P<0.05) , those in Group B, C, were higher than those in Group C, (P <
0.05), and those in Group B and Group C, had no significant difference ( P >0.05). Conclusions Both the
whole and partial pedicle screw augmentation can significantly improve the strength of pedicle screw in the context
of osteoporosis. The latter not only formed a special whole interface consisting of partial “screw-bone” and partial
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screw-CSC-bone interface ,but produced the strengthening effect equivalent to the former by increasing injection

doses of PMMA.

Key words; Osteoporosis; Pedicle screw augmentation; CT scans; Mechanical testing; /n vifro demineralized

vertebra model; Biomechanics

HESARIRET Y B SRR RS MR
AR AE I B PO [ S 3 o T ek PR B L FH PP R B, B
HREEBERGMEERINE, HESRBITREIRE
ERE o B, SRR B LT M S ARRAT
B iR B R ENAMIER AR Z — o WX —
IR, R PR L 3 P A i A A S AR
BRETBOH N AT ER AL EOR . BT, A P58
AR AT ETE R AL SR B BUS B M I R BSCR
SR, AR (8 L AORHEE T 77 SN B R AT 5 AL £
AREZS N FTEBARER LR FET B R 58
Ao EX P ARAE R BRI FXHESARIRET
F B8 8 E R T 1) LU BT 5T, 4 o To A SR 4IE
BRI M , AR SR B PR AME (A MR, 547 5T 18
B RBRALBR FIETIE S5 R A AR B BB 0L
T HE S ARAR AT I RE 5 5 Y EL BRI AT

1 ##F7GE

1.1 #RFig&

(3 £0.5) 2 Bl 45 F FEME(LL ~ 15) 40
X LHEH ERA T RG A SRR
HHTERRAL s R ERHER S B0 eI AL, 23 B p e
MHERER, T2 AR (HCL) f Rt B4R R 3%
A7 FE A PR, R T 5T 2K (PERFUSOR/ COM-
PACT,B. BRAUN, £ ) ; £l i) R AE 5 ARMRET )2
RO E A (LR B BRI EA BRA A ™) ; 47
il s AL 22 e LR B B R AR IR | A
77, SR R N S P BB 43 4 B ; Lunar Corp BU Y RE
X £% ¢ UK & %8 & (bone mineral density, BMD) {%
(Madison, WI, € [ ) ; explore Locus SP #Y & {3 CT
(Healthcare ,GE, 3£ [§ ) ; AG-IS #I A= ) J7 23 4L,
(AABHEAFEE) .

1.2 BREMMEIMERHET

Soks 40 AR FHEIRTE R BENL N 4 4, R A
BRI IR e A A PV T IR AR MO SR BRI 5
BTV XA MR AT 4 b RG0SR, BT R
PRARSMEERITTS) ot 2 R W/ N TR R4 P iR

750 RAIXURE X 28 WS B 2 BE 43RG T 4% 26 i 45 i
J& BMD #7224k,
1.3 LWHBARFTIE

SCIOHT 24 h, KR VR 9 40 54T 5 4R SE HEMRE
H,20 CERT BAME, 2L 4 4,10
/4.

A (BOMBETAH) o O MIFL 22 il & 5T
G, ETEARFATEMAE, BT ABRET

B 241 (M5 R kagfb ) . A O MIFLL2 I
T ETIE S , K P 47 1Y 28 TR AL N 4 1R TP g PMMA
0.4 mLOBWREL 20 1 BCf ) F v S e e v i B A
ETIEWN , BT AT,

C, AU ZREERIAA) . =MLz
SHEDARIT ALTTE, AR5 R 22 B0NE , TR R 47
FRIAR TR BE ) PMMA (0.4 mL) (3 LG 2 ¢ 1ACH])
A DL 2 T Hh s L ER 23, T AT IE
BB, R ER NI A KRB T 22308
PMMA $¢ A£T1E A HE B B o, B 10 22 100, F 47 A
25T,

C, A(mNERIBMIA) . SIFERERR
FLZHAR IR R E2E SR, B PMMA (#3352 50. 7 mL,

S5 Hh e A9 2 oML 22 T e 2 |y s 0 il
X, HEmERM PGPS, AN ER LA
AHSBMFLE 180°Xf FR o7, ELFE—1RE 1. 4 4
Fh R TN IR TH 12 5 R 28 24 B 40° A J7 1) i 4%
ETGE, REE R 20 mm, B SHEGR B BUNME S AR ¥ 47
AMESHRIRET . SR, ZEHEAT IR IUE AR ERAE iof iz T
FUST PMMA 22 BUe S AR ET 47 AR BL. 15T
PMMA Jij 26 FoAL T 7 kR 0 B AR 32 SRS i 3
TS, Mgt e e fg , AR S 2 BE HS , FF 1 ~2 min
ZIE GG 2230, RGP A BRET s AR H] DLk A
IR 22 B SR ETE e ) BB, BB 4T J&] il ) PMMA 43
A1 0 B B T AR B 2 A A T A R AR A o
1.4 HEFEUE
1.4.1 EHECTHESER

A B.C, HAMAEEZEAMNCE, RFRE



EREMAE $2608 £28 20115F4 A7
152 Journal of Medical Biomechanics, Vol. 26 No.2, Apr. 2011

®1 AB.C,H#EHSHEE®EE (BMD) RETHEERR(n=10,Xx5s)
Tab.1 BMD before and after decalcification and its declining rate in Group A,B,C, ,(n=10,Xxs)

4 #H JASET BMD/ (g + em™!)  J45/5 BMD/ (g« em 1) BMD T &£/ %
HaiEATA (A 4) 0.93 +0.05 0.66 +0.05 29.0 +0.02
LRI SRR AL (B 41) 0.92 +0.03 0.64 +0.04 29.8 +0.03
B REa A (C, 4) 0.94 £0.05 0.68 £0.05 27.6 +£0.02
IR R (C, 4) 0.91+0.04 0.66 £0.04 27.8 +0.02
F 0.47 0.96 1.67
P 0.71 0.43 0.19
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Fig.1 Two-dimensional CT coronal plane graph of vertebrae in
Group A,B,C,
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Fig.2 Three-dimensional reconstruction image of vertebra in
Group A,B,C, (Blue represents pedicle screw or mixture of

screws and bone cement,and grey represents the spine)
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Fig.3 A cross-section and overall appearance MicroCT graph of
vertebra in Group A,B,C, (Blue represents pedicle screw, white
represents PMMA, and red represents bone substanse around the
pedicle screw)
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