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Biomechanical analysis of pullout strength of the pedicle screws in
relation to change bone mineral density
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ABSTRACT

Screw loosening and subsequent pullout can be

attributed to the reduction in bone mineral
density in the vertebrae manifested by
osteoporosis in which the decrease in fixation

strength between the cancellous bone and screw
threads are accelerated by repeated loads exerted
by patients own weight and activities following
the surgery. In this study, the change in pullout
strength of the pedicle screws was investigated

before and after repeated loads were imparted.
For this purpose, Diapason pedicle screws
(6.7x40mm) were inserted onto fresh porcine

spine specimens (T1-L5) after bone mineral
density was measured using a DEXA. With an
MTS, an axial load was applied at a loading rate
of 0.33mm/sec until failure to measure the
maximum pullout strength. Flexion moment of
75N-m was then imparted at 05Hz for 2000
cycles. It was found that the maximum pullout
strength was exponentially related to BMD
regardless of load types (33943 x exp ‘MM
=093, P<0.0001 without repeated load; 107.71 x
exp “IMD2-078 P<0.0001  with repeated
load). The results suggest that the reduction in
pullout strength for pedicle screws is far more
prominent in osteoporotic spine than in normal
spine especially as number of repeated load was
increased. More importantly, it was demonstrated
that the level of bone mineral density and the
activity level of the patient should be evaluated
in more detail for successful implementation of
pedicle screw systems in spinal surgery.
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Fig. 1 Radiographs of pedicle screw(A),
Diapasons(B)
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Fig. 2 Schematic diagram of cyclic loading test

! F BMDS] do e a3y
T #AZE 2ok %3 Fig
Ay s BEe He 71
A3 gojme 2 £ sio
lg/em’d 3% wEeze
47%, 33%7}

Tg/cm”,

ok
=
4

O L=

HA T

5 aL

FE T+ &
$anc} C
/‘J_;}]E o}:7] '6]-

Al e

2

=

A~

%
3 e} (Fig.

q 2l

=
oy

3, A)dlA BMD9 ol

238 gase

238 = 33943 X exp™ T PM(adjust r’=0.93,
P<O00OD)eIRTh agm HE 3FEE e $
BMD9} Zraol wrE nAY #Zx e u4Y =

ek BMD7F wob a4

-156 -

107.71 X exp™*®MD (adjust 1%=0.78, P<0.0001)0)
AHFig. 3, B). 28 7]&9 AT oy ut

L

E 3F5& 7helA ge AeodAd BMDY Aol
WEg pPdHe MFH i #AE ARddn ®
_1_5] 2}\‘:}_ 2),5)

4000
= & _aumus
£ 3000 4 o 2y
< / #sKn=12)
= 2000
3 * A
= 1000 B:8HE 1%
& A 4 ¥ 2329

0 #ian=12)
0 as 1 15
BMD(g/cm*cm)

Fig. 3 The change in pullout strength of the
pedicle screws before(A) and after(B) repeated
loads were imparted
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