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a b s t r a c t

Background and purpose: The purpose of this study was to evaluate the effect of an in vitro

simulation of intraoperative vertebroplasty on embedded pedicle screws resistance to

pullout. This method involved an application of acrylic cement into the vertebral bodies

only after pedicle screws implementation.

Materials and methods: For the purpose of conducting this research, the authors used the

spines of fully-grown pigs. The procedure was as follows: firstly, the pedicle screws were

bilaterally implemented in 10 vertebrae; secondly, cancellous bone was removed from

vertebral bodies selected for screws augmentation and lastly it was replaced by polymethyl-

methacrylate (PMMA). Six vertebrae with implemented pedicle screws served as a control

group. The pullout strength of thirty-two screws (20 augmented and 12 control) was tested.

All screws were pulled out at a crosshead speed of 5 mm/min.

Results: The PMMA-augmented screws showed a 1.3 times higher average pullout force than

the control group: respectively 1539.68 N and 1156.59 N. In essence, no significant discrep-

ancy was determined between average pullout forces of screws which were pulled as first

when compared with consecutive contralateral ones.

Conclusions: An in vitro simulation of intraoperative injection of PMMA in the vertebral body

instrumented with screws (intraoperative vertebroplasty) resulted in enhancing its pullout

strength by 33%. Pulling of one of the pedicular screws from the augmented vertebral body

did not affect the pullout resistance of the contralateral one.
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1. Introduction

Elderly frequently suffer from osteoporotic vertebral fractures.
In some cases, they require open surgery with transpedicular
stabilization [1,2]. However, the low bone mineral density may
contribute to loosening of the screws holding the spine
stabilizing components. One technique preventing this occur-
rence is to enhance screws strength in osteoporotic vertebrae
by applying bone cement into surrounding spongious bone [3].
Typically, the polymethylmethacrylate (PMMA) cement is
injected into vertebral bodies prior to screw insertion or
through inserted fenestrated screws [3–15]. Recently the
reinforcement of pedicle screws fixation by means of an
intraoperative injection of bone cement using an extrapedi-
cular approach was also described [16]. The following paper is
an attempt to determine the mechanical effect of the latter
pedicle screws' augmentation technique.

2. Materials and methods

2.1. Specimen preparation

For the purpose of the following research the authors used 3
spinal segments of fully grown pigs deceased in the slaugh-

terhouse: first comprised of vertebrae raging from Th7 to Th12
whereas second and third ranged from Th8 to Th12 (Table 1).
Fresh spines were harvested, cleaned for soft tissues and
stored frozen at temperature of �20 8C. Prior to the testing
day spines were defrosted at room temperature for 24 h.
Screw augmentation, cement injection and biomechanical
testing were carried out at temperature of ca. 20 8C in IBeMT/
LfC Medical laboratories (Zielona Góra, Poland). According to
Magerl technique, in each pedicle convergent 40-mm pilot
holes for transpedicular screws were made by means of a 3-
mm drill [17]. Afterwards transpedicular solid fully threaded
screws (5 mm in diameter and 40 mm in length, DERO-LfC,
Poland) were inserted to penetrate up to 1/3 of the anterior
vertebral body. The augmented group comprised of 10
vertebrae in which the anterior of the cortical bone was
cut and through that opening the cancellous bone was
removed using a bone curette in order to expose the threads.
The void left in the vertebrae was filled with PMMA - its
volume averaged 1.6 ml per vertebral body (Fig. 1). The
control group comprised of 6 vertebrae with nonaugmented
transpedicular screws. After hardening of PMMA, positioning
of each of the screws (augmented and nonaugmented) was
visualized using GE CT scanner equipped in a 16-bit image
reconstruction algorithm with matrix consisting of
1024 � 1024 pixels and resolution in full CT Hounsfield scale.
In the next step, vertebrae were separated by an incision

Table 1 – The values of the ultimate pullout force (Fmax) and dislocation in PMMA-augmented and control vertebrae.

Spine vertebra PMMA-augmented group Control group

Fmax (N) Dislocation (mm) Fmax (N) Dislocation (mm)

Screw I Screw II Screw I Screw II Screw I Screw II Screw I Screw II

SPINE 1
Th7 550.3 439.0 3.8 5.8
Th8 1003.0 999.0 10.7 4.4
Th9 542.0 556.0 3.8 3.3
Th10 778.0 1000.0 2.7 4.8
Th11 976.0 1114.0 6.7 5.5
Th12 1630.0 2022.0 5.1 12.4

SPINE 2
Th8 1548.4 1442.1 13.2 8.2
Th9 1737.1 1004.5 11.1 6.4
Th10 2258.3 1682.0 12.6 13.7
Th11 1139.5 2177.7 10.2 16.4
Th12 1639.4 2615.5 12.0 12.6

SPINE 3
Th8 1422.2 1680.1 9.13 9.1
Th9 1271.0 1320.8 5.7 11.6
Th10 1663.1 1259.4 5.0 11.4
Th11 2055.9 1503.4 5.7 9.7
Th12 2096.0 1547.0 5.9 10.7
Mean 1526.9 1552.4 8.2 9.8 1173.5 1139.7 6.9 8.0
MED 1589.2 1472.8 7.4 10.6 1057.8 1059.3 6.3 6.1
SD 443.3 488.7 3.8 3.2 631.8 647.1 3.1

Minimum I + II 778.0 2.7 439.0 3.3
Maximum I + II 2615.5 13.7 2177.7 16.4
Mean I + II 1539.7 9.0 1156.6 7.5
MED I + II 1525.9 9.4 1059.3 6.1
SD I + II 454.3 3.5 610.0 3.9

Abbreviations: Fmax – maximum load/pullout force, MED – median, mm – millimeter, N – Newton, PMMA – polymethylmethacrylate, SD –

standard deviation.
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