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We performed biomechanical comparison of a xenograft
bone plate-screw (XBPS) system for achieving cadaveric
lumbar transpedicular stabilization (TS) in dogs. Twenty
dogs’ cadaveric L4 lumbar specimens were harvested and
their muscles were removed, but the discs and ligaments
were left intact. These specimens were separated to four
groups: the L4 intact group as control (group I, n = 5),
the L3 laminectomy and bilateral facetectomy group
(LBF) (group II, n = 5), the LBF plus TS with metal
plate-screw group (group IIL, n = 5) and the LBF plus TS
with XBPS group (group IV, n = 5). Five kinds of bio-
mechanical tests were applied to the specimens: flexion,
extension, left-right bending and rotation. The averages of
the 16 stiffness values were calculated and then these were
statistically analyzed. The statistical results show that the
XBPS system contributes spinal stability and this system
can be a good choice for achieving TS.
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Introduction

Since Roy-Camille first introduced the pedicle screw sys-
tem for achieving stability in the spine, various type instru-
ments have been developed for transpedicular stabilization
(TS) [7]. Of these instruments, the bone screw-plate is an
effective, reliable instrument for TS [6]. The transpedi-
cular system was first described by Boucher [2], and the
pedicle system was first used by Harrington [4] for spinal
stabilization. The pedicle systems provide stabilization be-
tween the vertebral segments and so it contributes to fusion
[8,9].

It has been reported that xenograft bones can be used in
spinal surgery and xenograft bones contribute to osteoin-
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duction and osteogenesis; they help the fusion formation
between the segments more than metal instruments do dur-
ing a long time period after spinal surgery [1]. However,
the ideal integrity and stiffness values of these systems
were not mentioned previously by an in vitro study [1]. In
addition, to the best of our knowledge, the xenograft bone
plate-screw (XBPS) system for lumbar transpedicular sta-
bilization has not previously been reported on by any in vi-
tro study in dogs. Therefore, this study aimed to show the
contribution of the XBPS system for achieving trans-
pedicular stabilization of L,.4 lumbar dog cadaveric speci-
mens following laminectomy and bilateral facetectomy.

Materials and Methods

Twenty dog’s cadaveric L,.4 lumbar specimens (all were
large breeds of approximately the same size and all the
dogs were non-pathologic) were harvested and their mus-
cles were removed, but the discs and ligaments were left in-
tact in the specimens. These specimens were separated into
four groups of equal size: the L,4 intact group as control
(group I, n=15), the L3 laminectomy and bilateral facetec-
tomy (LBF) group (group II, n =5), the LBF plus TS with
the metal plate-screw (MPS) system group (group III, n =
5) and the LBF plus TS with the XBPS system group
(group IV, n =15).

The XBPSs were prepared from cadaveric cattle tibia.
The screws were machined to a conical form with a width
of 4 mm, a length of 3 cm and a pitch of 1 mm (Yunnan
Machine Tool Works, China). The plates were rectangular
and their sizes were machined to 5.5-6 cm long with a
width of 1 cm and a thickness of 3 mm (Yunnan Machine
Tool Works, China) (Fig. 1A). The metal screws and plates
had same size as the XBPSs' (Fig. 1B). Neither the XBPSs
nor MPSs had any specific preparation after they were
machined.

Preparation of the specimens included only dissection of
the lumbar muscles, but the discs, ligaments and other tis-
sues were kept intact from the dissection. The specimens in
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Fig. 1. (A) Xenograft bone plates and screws used for transpedi-
cular stabilization. (B) Metal plates and screws used for trans-
pedicular stabilization.
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Fig. 2. (A) View of a tensile-compression testing machine used
for the biomechanical tests. (B) Schematic of the experiment.

group I were tested following preparation. LBF was per-
formed on the group II specimens to create instability. In
group III and group IV, the L,4 facet surfaces were flat-
tened after LBF to place the plates and we drilled through
the pedicle and vertebral corpus. The plates were placed on
this surface and screwed to the pedicle. The xenograft and
metal screws were firmly tightened with a screwdriver.

A tensile-compression testing machine (Hounsfield Test
Equipment, UK) was used for the biomechanical tests (Fig.
2A). The specimens were tested under five different kinds
of load: flexion, extension, left and right bending and
rotation. A special apparatus shown in Fig. 2B was pre-
pared for transforming the vertical movement to the mo-
ment load.

The movements performed for the tests were non-de-
structive, and rotation was the last test because rotation was
the most stressful test for loosening and instability.

The load values were recorded in 1 mm intervals up to 16
mm; using the moment-force relation, the forces were con-
verted to the moment with using the radian angle defi-
nition, and the displacements were converted to angles
(Fig. 3). The small angle assumption was used for sim-
plification of the conversion.

The stiffness values of each specimen were calculated in

Vertical
displacement

Moment (M) = Force (F) - Moment length (L)

. _ Vertical displacement (v)
sina.= Moment length (L) (rad)

Fig. 3. Calculation of radian angles for converting the forces to
the moments.
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Fig. 4. The results of the Euclidian distance method and the four
main clusters.

two steps:
First, the stiffness in accordance with each 1 mm displace-
ment was calculated by the relation

, M F-L’-x
Stiffness (k) = aC®) 180 v
Where (v) =1, 2, 3... 16
Second, the average of these 16 stiffness values was ob-
tained as the overall stiffness of the specimen:

1 16
16 = ki

K=
In the range of movements mentioned above, there was an
almost linear relation between the angle and moment.
Therefore, stiffness was considered as constant in this
range of movement. The slope of the least square fit line of
the displacement-force curve yielded the same stiffness
value along with the average of the stiffness values.
The stiffness values of each specimen for the different
loadings were acquired and then this acquired data was
statistically evaluated in two steps: First; for classification
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Fig. 5. The comparison of stiffness for xenograft bone plate-
screw following biomechanical test.

of the data, the software (Statistica'99; StatSoft, USA) was
used and the classification was performed with applying
the Euclidian distance. The Euclidian distance provided
four main clusters (Fig. 4). Second, by taking the average
of 3 specimens, each group was represented by a unique
stiffness value and these values are illustrated as a bar
graphic in Fig. 5 and the error bars represent the standard
deviation.

Results

After applying the Euclidian distance, the similarities of
the groups were 95% for group I, 90% for group II, 72% for
group III and 83% for group VI (Fig. 4). A summary of the
results of this data is shown below. The average stiffness
values and standard deviations of group I, II, Ill and IV are
given in Fig. 5.

The rotation test had higher stiffness values than the other
tests (Fig. 5) because it was the most restrictive test in the
lumbar zone.

As can be clearly seen from Fig. 5, of all groups, group III
was the stiffest group and group Il was the weakest group
for all the movements. The average stiffness value of group
IT was 46% lower than that of group I, which indicated an
instability problem. Compare to group I, group III had
maximum stiffness values for right bending (279%) and
minimum stiffness values for rotation (47%).

The stiffness values of group IV were not higher than
those of group III, except for rotation. Compare to group I,
group IV had maximum stiffness values at right bending
(114%) and minimum stiffness values in flexion (25%).
But, for the average stiffness values of all the tests, group
I was 131% stiffer than group I, and group IV was 47%
stiffer than group I. Considering the all biomechanical da-
ta, except that at rotation, group IV showed the best
stability.
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Discussion

Transpedicular bone plate-screw systems have been used
for spinal stabilization, but there is no consensus about the
reliability and clinical application of these systems [6]. In
addition, there have been no answers with the detailed in-
formation on which instrument is the best choice in spinal
surgery. All the systems include screws, connecter rods,
plates and crossing connecters, but the optimum rigidity of
these systems is still unclear [1]. Therefore, the stiffness
values of the XBPS (group 1V) in the TS of the L,-L4 ca-
daveric dog lumbar specimens were biomechanically com-
pared in this study. Clinic stability of the spine has been de-
scribed as prevention of spinal displacement and damage
to the nerves root and spinal cord from surgical trauma and
other etiologic causes [10]. Clinically, it is difficult to de-
scribe the spinal stability in the normal spine [3]. Hence,
the group I stiffness values were used as a control group
and this group data was evaluated as the normal stiffness
values. Taking these stiffness values into consideration, we
carried out biomechanical and statistical comparisons of
the groups in this study. Instability is abnormal movements
of the vertebral segments with the forces that it can be ap-
plied during a clinical examination [10]. Many lumbar
spine pathologies (cyphosis, scoliosis, disc pathologies,
bone tumors, non-dislocated fractures degenerative verte-
bral disease etc.) and invasive spinal surgery procedures
(multi-segment laminectomy, corpectomy, facetectomy
etc.) can cause instability of the vertebral segments [3,5].
In this presented study, LBF was performed in group II to
create instability on the lumbar segments, and the bio-
mechanical results showed that group II was the weakest
group with the lowest stiffness values for all the move-
ments. The average stiffness values in group II were 46%
lower than those of group I, and the latter group was con-
sidered to have an instability problem.

It has been emphasized in several reports that the MPS
systems provide maximum rigidity when the external load
increases on the spine [1,10]. In this study, of all the groups,
group III was the stiffest group. Using the average stiffness
values of all the tests, group I1I was 131% stiffer than group
I and group IV was 47% stiffer than group 1.

In TS, the usage of the MPS system has some dis-
advantage such as loosening, bending, breaking or pulling
out of the screws and plates, and the maximum inter- seg-
mental rigidity and abnormal loading on the non-stabilized
segments [1,10]. Therefore, as was reported by Benzel [1],
the usability of bone as a spinal implant or instrument in the
spinal surgery is possible. Compare to the group I average
stiffness values, the use of the XBPS system in group IV
played an important role in TS.

As a conclusion, considering the maximum stiffness val-
ues of group III and the disadvantages of the MPS system,
the XBPS system with its excellent stiffness values can be
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a good choice for achieving TS.
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