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Abstract Objective Themain aim of this study was to compare the biomechanical properties of
caudal cervical vertebral stabilization using bicortical transpedicular pins with poly-
methylmethacrylate (PMMA) versus transvertebral body polyaxial screws and connect-
ing rods with or without an interbody distractor.
Study Design Ten canine cervical vertebral columns (C2–T3) were used. Four models
(intact, transvertebral body polyaxial screw with interbody distractor [polyaxialþ
distractor], transvertebral body polyaxial screw without interbody distractor [polyaxial
�distractor] and bicortical transpedicular pins/polymethylmethacrylate [pin-PMMA])
were applied to C6–7 sequentially on the same specimens. Angular range of motion
(AROM) in the form of flexion and extension was measured at C4–5, C5–6 and C6–7 in
all groups.
Results Treated vertebral specimens had significantly less AROM than unaltered
specimens. There was no significant difference in AROM between the experimental
groups at C6 and C7. Angular range of motion ratio in flexion–extension was 80.8, 72.7
and 78.3% for polyaxialþdistractor, polyaxial�distractor and pin-PMMA groups,
respectively, which were less than the intact group. There was no significant increase
in the range of motion of the adjacent vertebrae after stabilization.
Conclusion Stabilization obtained with transvertebral body polyaxial screws was
comparable to that from the well-established bicortical pins/PMMA construct. Associ-
ation of an intervertebral distractor did not change AROM of the polyaxial screw
constructs.
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Introduction

Variousmethods for vertebral distraction–stabilization have
been used for the treatment of cervical spondylomyelopathy
(CSM).1–6 Of these, the combination of bicortical transpe-
dicular pins and polymethylmethacrylate (PMMA) placed
into vertebral bodies1,4 has been associated with an unac-
ceptable rate of penetration into the vertebral canal and
intervertebral foramen.7 Clinical reports and biomechanical
studies suggest that transvertebral body screws/PMMA
or locking plates are effective in stabilizing the vertebral
column of dogs with CSM.8–14 The addition of an
interbody spacer in these constructs significantly increases
stiffness.13,14

Monoaxial or polyaxial pedicle screws are used for verte-
bral stabilization in dogs.15,16 Biomechanical studies on
pedicle screws have been performed in synthetic models,17

canine cadavers18 and in vivo19,20 to stabilize the lumbosa-
cral spine after decompressive surgery, resulting in efficient
stabilization.18,19,21 In synthetic models with critical failure,
the use of pedicular monoaxial screws was more rigid than
fixation with pins and PMMA.17 In humans, pedicle screws
are used in cases of vertebral instability or for vertebral
fusion.15,16,22–27

The biomechanics of transvertebral body polyaxial screws
in stabilizing the cervical vertebral column have not been
described in dogs. Our objective was to compare bicortical
screws/PMMA and transvertebral body polyaxial screws
with or without an interbody distractor in the caudal cervical
vertebral column of dogs, and analyse their effect on adjacent
cranial segments. We hypothesized that each implant would
significantly decrease angular range ofmotion (AROM) of the
vertebral segments and that addition of an intervertebral
disk spacer would increase AROM comparedwith specimens
instrumented without a spacer.

Materials and Methods

Sample
Ten vertebral column segments (C2–T3) from mature large
dogs (25–35kg) that died for reasons unrelated to this study
were used. All vertebral column segmentswere removedwith
the surroundingmusculature andhad lateral andventrodorsal
radiographs. Sagittal T2-weightedmagnetic resonance images
were obtained with a 0.23T scanner (Vet Grande MRI 0.23T,
Esaote, Italy). Inclusion criteria were the absence of
vertebral/spinal imaging abnormalities (e.g. fracture, luxation,
intervertebral disk degeneration).

All procedures were performed according to and with
approval of the Ethics and Animal Care Committees of
the Faculty of Veterinary Medicine and Animal Science
of the University of São Paulo, registered under register
number 3869220116.

Specimen Preparation
Spinal segments were stored at �20°C. One day prior to the
biomechanical tests, they were transferred to a refrigerator
at þ4°C to defrost. On the day of the tests, spines were

defrosted at room temperature and kept moist in a NaCl 0.9%
solution.

Prior to the tests, C2 and the vertebral bodies of T2 and T3
were fixed in autopolymer acrylic resin. This segment was
chosen to try and represent the normal motion of the neck,
which has its pivot in the thoracic region and more freedom
ofmovement in the cervical region.28,29 Excess paravertebral
soft tissue was removed, but most of the epaxial muscula-
ture, spinal ligaments and joint capsules were preserved.

Biomechanical Testing
The testing apparatus (Model KE3000MP, series M1012931,
and 100 kgf cell load, São Paulo, Brazil) was composed of an
articulating base and metal cup, connected to a 100 kgf load
cell, where the distal and proximal segments of the specimen
were fixed using screws and PMMA. Movement of the cups
mimicked the forces of the arching of the vertebral column.
Specimens were initially fixed at the zero-load programmed
into themachine in a neutral position (►Fig. 1). No axial load
was applied. Position of the fixed vertebral column segment
followed previous descriptions.29,30

Initially, a pilot study was performed to choose a torque
where maximum dislocation would not result in non-elastic
deformation. Sequential and repeated torques of�1 Nm,�2
Nm and�3 Nmwere applied in flexion and extension to two
vertebral spinal column segments which met the inclusion
criteria. A torque greater than�2 Nm caused non-elastic
deformation in some repetitions. This was characterized by a
sudden increase in angular deformation without a concomi-
tant increase in load applied in flexion and extension, which
possibly reflected the failure of one or more ligamentous
support structures. The specimens used in the pilot study
were not reused for themain study. Based on the results from
the pilot study and previously published studies,31–33 the
torque was limited to�2 Nm.

Fig. 1 Schematic drawing of the final assembly used for bio-
mechanical tests of canine cervical vertebral column.
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Test Conditions
Four markers were placed in each specimen, positioned at
C4, C5, C6 and C7, using 1.5-mm diameter Steinmann pins
inserted into the centre of the vertebral bodies (to the right of
the spinous processes) (►Fig. 1).

Prior to data collection, each specimen was precondi-
tioned and submitted to two cycles of full extension and
flexion.34

The loadwas applied to each segment for 60 seconds, with
120 seconds between each cycle to allow for recovery of the
initial length of elastic tissues.12,34 Extension and flexion
were performed sequentially in each specimen, based on
previous studies.30,33,34

Tests were first performed on the vertebral column seg-
ments without the implants. The same segments were then
modified and tested as part of the polyaxialþdistractor
group, polyaxial�distractor group and pin-PMMA group.
Samples were kept moist during biomechanical testing.

Photogoniometry
For each group, AROM in flexion and extension for the
treated segment (C6–7) and adjacent cranial segments
(C4–5 and C5–6) were calculated using a photogoniometry
(Borland Software Corporation—Austin, EUA) system.35,36

The camera (Canon, Model EOS Digital Rebel XT, EUA) was
positioned at a distance of 2.2 m from the specimen and at
1 m of height, to keep the camera sensor parallel to the
marker plane and test gauge. The camerawas shot via remote
control to register an image at moment zero, before applica-
tion of the load, and after the first, second and third repe-
titions, and after 60 seconds of load application, registering
eight images per group (four for flexion and four for exten-
sion). The camera registered a total of 32 images per verte-
bral column for all groups.

The angles between the markers were analysed via a
Delphi-based ((Borland Software Corporation—Austin,
EUA) computer software, which allowed automatic analysis
of the photos.

Study Groups
Four experimental groups were created: Intact group (intact
cervical vertebral column), polyaxialþdistractor group
(transvertebral body polyaxial screws with an interbody
distractor), polyaxial–distractor group (transvertebral body
polyaxial screws without an interbody distractor) and pin-
PMMA group (bicortical Shanz pins and PMMA).

All 10 cervical vertebral column segments were used for
each group. The intervertebral space at C6–7 received
implants and was the treated vertebral motor unit (VMU),
and C4–5 and C5–6 were the cranial adjacent VMUs.

PolyaxialþDistractor Group
Prior to placement of the polyaxial screws, a partial diskec-
tomywith�10mm inwidthwas performed for placement of
an interbody distractor (Focus Orthopedic Products, Indaia-
tuba, São Paulo, Brazil).8 The pure titanium interbody dis-
tractor has a conical shape (Standard Specification for
Unalloyed Titanium, for Surgical Implant Applications

[UNS R50250, UNS R50400, UNS R50550, UNS R50700])
with a core diameter of 7.96mm to 5mm in diameter from
base to tip, respectively, and 16.5mm in length. The conical
angulation is 12degrees, and pitch of 2.25mm.

The ventral annulusfibrosus, nucleus pulposus and part of
the remaining annuluswere removed, leaving only a thin rim
of annulus intact along the lateral and dorsal borders. A sharp
curette and/or high-speed drill were used to debride the
endplates of the exposed vertebral extremity before applying
the distractor.

Six 3.5-mm-diameter and 12-mm-length titanium alloy
(Standard Specification for Wrought Titanium-6Aluminum-
4Vanadium ELI—Extra Low Interstitial—Alloy for Surgical
Implant Applications [UNS R56401]) polyaxial screws ((Fo-
cus Orthopedic Products, Indaiatuba, São Paulo, Brazil) were
inserted into the cranial and caudal portion of the vertebral
bodies of C6 and 7.13 On the left side, one screwwas inserted
in the vertebral body of C6 and two in the body of C7, along
the longitudinal axis. The first titanium connecting bar
(5mm in diameter and 8 cm in length) was then fixed using
titanium alloy set screw. On the contralateral side, two
screws were placed in the vertebral body of C6 and one in
the body of C7, to which another connecting bar was fixed
(►Fig. 2A). The screws were directed perpendicular to the
axis of the bone at C6 and 7 and inserted until fully
penetrating the vertebral body (►Fig. 3). The connecting
bars (Standard Specification for Wrought Titanium-6Alumi-
num-4Vanadium ELI—Extra Low Interstitial—Alloy for Surgi-
cal Implant Applications [UNS R56401]) were fixed parallel
to each other and to the ventral plane of the vertebral
column. The set screws were tightened after insertion of
the connecting bar over the tulips. Screws were gradually
tightened so that the final tightening was only done after the
bar was completely settled and fixed over the screws.

Polyaxial–Distractor Group
The interbody distractor was removed in an anticlockwise
manner so that the polyaxial screws were kept intact and
vertebral distraction maintained. Fixation of the set screws
with the bar was checked and adjusted as needed, ensuring
stability of the system. Implantswere those described for the
polyaxialþdistractor except for the absence of an interbody
distractor (►Fig. 2B).

Pin-PMMA Group
Polyaxial screws were removed prior to insertion of bicort-
ical transpedicular pins. Two 3-mm-diameter positive profile
stainless steel cortical pins were placed into each vertebral
body at C6 and 7.4 Pin placement was started on ventral
midline and angled 30 to 40 degrees from the sagittal plane
into the vertebral pediclewith the goal of engaging the trans-
cortex (►Fig. 3C). Care was taken to avoid the previous holes
left by the screws. Pins were cut leaving 12 to 15mm
protruding from the ventral vertebral body surface to allow
incorporation into bone cement (Baumer do Brasil Ltda,
Jundiaí, Brazil).14

The specimens were linearly distracted along the axial
axis. The distraction prior to hardening of the bone cement
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was done to prevent collapse of the disk space and to
maintain distraction, as previously described.30 Bone ce-
ment was mixed at room temperature and placed into the
mould while the sample was held in place for a minimum of
20minutes. The amount of bone cement used was standard-
ized as 25mL of themethylmethacrylate polymer and 10mL
of the methacrylate polymer monomer, which sufficed to
reach the tip of the inserted and cut pins at a height of�3 cm,
and width and length that encompassed the ventral portion
of the vertebral bodies being fixed (►Fig. 2C).

Correct implant placement for all groups was confirmed
via radiographs (►Fig. 3).

Statistics
Biomechanical data were compared between specimens
(unaltered vs. treated) and between treatments (polyaxialþ
distractor vs. polyaxial–distractor vs. pin-PMMA).

The mean was calculated from three repetitions of angle
measurements at C4–5, C5–6 and C6–7 per group. The
difference between the angles of the vertebrae before
and after application of the loads (angular difference) was

calculated in each situation. The mean from the three
repetitions of the force registered at maximum dislocation
was obtained for each group.

Data were obtained for flexion and extension. The AROM
in flexion–extension was a result of the sum of the angles
between the vertebrae in flexion and extension.

For parametric data (normal distribution and equal vari-
ance), analysis of variance (ANOVA) was used for comparison
between groups, and ANOVA for repeated measurements
for comparison between different degrees within each
group. A post-hoc Tukey test was used to identify in which
groups/degrees a difference was observed.

For flexion versus extension analyses, normal distribution
of differences between the intact and other groups were
analysed using the Shapiro–Wilk test. The pin-PMMA group
(at C4–5 and C5–6) did not have normal distribution, thus the
paired Wilcoxon test was used for comparing extension and
flexion. For the other comparisons, a paired Student’s t-test
was used.

For analysis within the same AROM group in groups intact
and pin-PMMA, Friedman’s test was used, followed by the

Fig. 2 Photographic images of the cervical vertebral column after fixation of vertebral segment C6–7 using (A) polyaxial screws and connecting
bars with an interbody distractor (polyaxialþdistractor model), (B) polyaxial screws with connecting bars without an interbody distractor
(polyaxial–distractor model) and (C) using bicortical pins and PMMA (pin-PMMA model).In each vertebral specimen, the models were tested
sequentially (intact model, polyaxialþdistractor model, polyaxial–distractor model and finally the pin-PMMA model). PMMA,
polymethylmethacrylate.

Fig. 3 Representative lateral radiographic views showing fixation of C6–c7 using a polyaxialþdistractor model (A), polyaxial–distractor model
(B), and a pin-PMMA model (C). PMMA, polymethylmethacrylate.
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Nemenyi test. For the polyaxialþdistractor and polyaxial–
distractor groups, repeated measure ANOVA was used, fol-
lowed by post-hoc Tukey. For analysis between groups, the
Kruskal–Wallis test was used.

For comparing extension between groups, Kruskal–Wallis
was used. To compare the different degrees within the
polyaxialþdistractor and pin-PMMA, the Friedman test
was used. Results were considered significant if p<0.05.

Results

Flexion
Within the same group in the polyaxialþdistractor, poly-
axial–distractor and pin-PMMA groups, the angular differ-
ence was significantly smaller at the C6–7 intervertebral
space when compared with C4–5 and C5–6.

When comparing groups, the AROM in flexion at C6–7 in
thepolyaxialþdistractor, polyaxial–distractorandpin-PMMA
groups were 72, 59.9 and 68.6%, respectively, less than the
AROM of the intact vertebral columns (p<0.0001). There was
no significant difference in AROM between polyaxialþdis-
tractor, polyaxial–distractor and pin-PMMA groups. For flex-
ion, therewasnosignificantdifference inangulardifference for
the adjacent intervertebral spaces C4–C5 (p¼0.938) and C5–6
(p¼0.328) between the four groups (►Table 1).

Extension
The AROM in extension was significantly smaller for the
treated groups in the C6–7 intervertebral space, with AROM
being 92.5, 89.6 and 91% less in the polyaxialþdistractor,
polyaxial–distractor and pin-PMMA groups, respectively,
when compared with the intact segment. There was no
significant difference in the AROM between groups at C6–7
or at C4–5 and C5–6 (►Table 2).

Flexion–Extension Angular Range of Motion
Angular range of motion in flexion–extension was similar to
flexion and extension results. Stiffness during flexion–ex-
tension at C6–7 for polyaxialþdistractor, polyaxial–distrac-
tor and pin-PMMA groups was 80.8, 72.7, and 78.3% greater
than that of the intact specimens respectively (p¼0.00004).
There was no significant difference in stiffness between
polyaxialþdistractor, polyaxial–distractor and pin-PMMA
groups.

Range of motion of the adjacent vertebrae was not
influenced by vertebral stabilization and did not show a
significant increase regardless of method used. However,
there was a trend for increase in AROM between C5 and 6 in
the pin-PMMA group, when compared with polyaxialþdis-
tractor and polyaxial–distractor groups (p¼0.05265)
(►Table 3).

Table 1 Mean angular difference (degrees) (mean� standard deviation) between the groups after ventral flexion of the cervical
vertebral column of dogs

Group Angular difference p-Value

C4–5 C5–6 C6–7

Intact 5.74� 2.2A,a 6.63�2.93A,a 7.7� 2.93A,a 0.285

Polyaxialþ distractor 5.55� 1.96A,a 5.38�1.99A,a 2.17�1.35B,b < 0.001

Polyaxial–distractor 5.4�1.83A,a 4.85�1.55A,a 3.09�1.82B,b 0.016

Pin-PMMA 5.14� 2.6A,a 5.87�2.09A,a 2.42�1.99B,b 0.005

p-Value 0.938 0.328 < 0.001

Abbreviation: Pin-PMMA, pins/polymethylmethacrylate.
A,B—significant difference (p< 0.05) of angular difference between groups (i.e. between rows).
a,b—significant difference (p< 0.05) of angular difference within the same group (i.e. between columns).

Table 2 Mean angular difference (degrees) (mean� standard deviation) between groups after extension of the cervical vertebral
column of dogs

Group Angular difference (degrees) p-Value

C4–5 C5–6 C6–7

Intact 5.22� 2.37A,a 3.45� 2.12A,a 5.87�2.61A,a 0.08

Polyaxialþ distractor 4.79� 1.76A,a 2.82� 1.66A,a 0.44�0.44B,b <0.001

Polyaxial–distractor 4.94� 1.86A,a 3.15� 1.99A,b 0.61�0.43B,c < 0.001

Pin-PMMA 7.08� 2.45A,a 6.69� 4.68A,a 0.53�0.49B,b <0.001

p-Value 0.104 0.113 < 0.001

Abbreviation: Pin-PMMA, pins/polymethylmethacrylate.
A,B—significant difference (p< 0.05) of angular difference between groups (i.e. between rows).
a,b,c—significant difference (p< 0.05) of angular difference within the same group (i.e. between columns).
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Flexion versus Extension
The comparison betweenmean angular differences inflexion
and extension within the same group showed significant
differences only for C5–6 in the pin-PMMA group
(p¼0.04883) (►Table 4). However, this difference was not
seen at C6–7: polyaxialþdistractor (p¼0.9335), polyaxial–
distractor (p¼0.5988) and pin-PMMA (p¼0.969).

Discussion

The association of an intervertebral distractor with trans-
vertebral body polyaxial screws and connecting bars or the
use of polyaxial screws and connecting bars were viable for
use on the ventral cervical vertebral column, with similar
stability to bicortical fixation with pins and PMMA.1,6

Distraction and/or stabilization, without removing the
dorsal annulus, have contributed to the neurologic improve-
ment in dogs with disk-associated CSM.8 Distraction
decreases the effects of disk protrusion and ligament thick-
ening, and eliminates the dynamic component of spinal cord
compression.8 A study using human cadavers with cervical
vertebral stenosis reported that amean distraction of 7.5mm
led to a 50% increase in the transverse area of the vertebral
canal.37 The mechanical stability provided by the trans-
vertebral body polyaxial screws in the vertebral bodies,
with or without an interbody distractor, could be useful in
patients with CSM.

Photogoniometry, used for measuring the angles before
and after torque was applied, was initially described for

measuring range of motion in human knees.38 Other studies
in the vertebral column35 and human knees36 saw a mini-
mum error in this method. Reflective markers placed in
cervical vertebrae and photographic images have also been
used to calculate the angular difference during flexion and
extension.35

Polyaxial screws allowed an adequate degree of freedom
when directing the screws in the vertebral body and greater
versatility during placement of the connecting bar. The screw
head portion of the polyaxial screw that remains outside the
vertebral body maintains a freedom of movement which
allows easy insertion of the bar in the screw head before
tightening the set screws and fixating the connecting bar.
Since the orientation of each screw will not be the same as
the next screw, this is advantageous when compared with
monoaxial pedicle screws. Monoaxial screws have nomobil-
ity between the body of the screw and the connector and are
restricted to situations where angulation is not an issue.
Polyaxial screws are alsomore stiff than amonoaxial system,
likely due to better coupling of the connecting bars to the
cups, allowing better adaptation of the screw to the longitu-
dinal nail.39

In the ex vivo canine cervical column, the use of trans-
vertebral body screws was biomechanically equivalent to
bicortical transpedicular positive threaded pins with PMMA;
however, the effects of cyclic loading on these implants with
vertebral bridging have not been studied in vitro.12 In our
study, this comparison was done using transvertebral body
polyaxial screws and connecting bars instead of screws and

Table 3 Mean (�standard deviation) difference of angular range of motion (degrees) in flexion–extension between the groups
after ventral flexion and extension of the cervical vertebral column of dogs

Group Angular difference (degrees) p-Value

C4–5 C5–6 C6–7

Intact 10.96� 3.5A,a 10.08�3.42A,a 13.57�4.52A,a 0.103

Polyaxialþ distractor 10.34� 2.83A,a 8.2� 2.98A,a 2.61�1.33B,b <0.001

Polyaxial–distractor 10.34� 2.71A,a 8.0� 3.07A,a 3.7� 1.64B,b <0.001

Pin-PMMA 12.22� 3.11A,a 12.56�5.21A,a 2.95�2.1B,b 0.002

p-Value 0.596 0.0527 <0.001

Abbreviation: Pin-PMMA, pins/polymethylmethacrylate.
A,B—significant difference (p< 0.05) of angular difference between groups (i.e. between rows).
a,b—significant difference (p< 0.05) of angular difference within the same group (i.e. between columns).

Table 4 Comparison of the mean angular difference (degrees) (mean� standard deviation) between flexion and extension within
the same group and for the same vertebral segment obtained via subtraction of the mean values of the intact group and mean
values in the other groups

Groups C4–5 C5–6 C6–7

Extension Flexion Extension Flexion Extension Flexion

Polyaxialþ distractor 0.43�0.93 0.19� 0.85 0.63�1.58 1.25� 1.17 5.43�2.82 5.53� 2.56

Polyaxial–distractor 0.28�1.09 0.34� 1.56 0.3�1.69 1.78� 1.66 5.26�2.87 4.61� 2.48

Pin-PMMA –1.86�2.49 0.6� 2.69 –3.24�4.10a 0.76� 2.04b 5.34�2.49 5.28� 3.57

Abbreviation: Pin-PMMA, pins/polymethylmethacrylate.
a,b—significant difference (p< 0.05) between extension and flexion values for C5–6.
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PMMA. There was also no significant difference in stiffness.
Polyaxial screws and connecting bars are biomechanically
similar to locking plates. They act as internal fixators, creat-
ing a stiff bar-screw system, which provide angular stability
independent from the friction of the bar or screw against the
bone, but resulting from friction of the screw and bar
interface, aswell as allowing adequate blood perfusion under
this interface.40

The addition of an intervertebral spacer significantly
increased the stiffness of a monocortical transvertebral
body screws and PMMA construct.13 In our study, despite
the lower values of angular difference in the polyaxialþ
distractor groupwhen comparedwith the polyaxial–distrac-
tor and pin-PMMA groups, this difference was not signifi-
cant. Future cyclical tests may detect such differences.

In a previous study,13 researchers used a wider spacer,
with a homogeneous width along its length, and applied an
initial compressive load for adequate adjustment of the
spacer onto the vertebral endplates. This point of contact
of the distractor with the bone in a small region of the
intervertebral space can be directly related to the results,
because during extension, there was displacement of the
vertebral body until complete contact of the endplate with
the distractor surface. On flexion, this limited point of
contact may have acted as a lever, allowing residual motion.
Aside from these factors, it is worth noting that it is difficult
to find a significant difference that depends on the interver-
tebral spacer since transvertebral body or transpedicular
fixation by itself already leads to a high degree of stiffness.13

However, it is possible that over time there will be
some degree of subsidence and better adjustment of the
spacer into the intervertebral space, allowing for a more
homogeneous distribution of the load between the two
adjacent segments via the spacer. This may be important
in the long term, because the use of a spacer to obtain axial
compression via the intervertebral space allows the load to
be distributed between the adjacent vertebral endplates,
resulting in greater stiffness of the construction; this distri-
bution of load should in theory reduce the stress on the
fixation implants, decrease the risk of component failure and
improve longevity of the implant.41

Changes in the adjacent segment have occurred in dogs
following cervical vertebral stabilization.1,2,10,42 In our
study, there was no significant difference between groups
when focusing on adjacent segments, that is, vertebral
stabilization between C6 and 7 did not lead to an increase
in AROM on flexion or extension in the adjacent cranial
spaces.

Previously, an increase in AROMon flexion–extension has
been observed in the intervertebral space immediately cra-
nial (C4–5) to a stabilized C5–6 intervertebral space when
compared with intact vertebral columns.30,43 However,
there was no significant difference regarding intervertebral
spaces C6–7 and C3–4, with a decrease in AROM on flexion–
extension in the C3–4 intervertebral space. Therefore, an
increase in AROM at the adjacent intervertebral spaces may
not occur after vertebral stabilization.30,44 A recent study
showed that distraction–stabilization of the C5–6 interver-

tebral disk space did not alter intradiscal pressure at the C6–7
intervertebral space.32 In our study, vertebral stabilization
was done in a different intervertebral space, and demon-
strated different mechanical characteristics in the adjacent
cranial intervertebral spaces. No study that investigated the
effect of stabilization at C6–7 was found, hindering a more
accurate comparison.

Limitations of this study include testing only flexion and
extension and absence of cyclical tests. Thus, definitive
conclusions regarding clinical application of these techni-
ques and the presence or absence of adjacent segment
disease cannot be made. As a pre-clinical study, however,
the results provide good evidence to support clinical appli-
cation. Adjacent segment pathology is a time-dependent
phenomenon so little can be learned of its aetiology from
quasistatic loading instead of long-term follow-up in real
patients.45 Despite using a greater number of specimens per
group than previous studies,12–14,34 larger sample sizes may
be needed to avoid type II errors. Having a testing sequence
for the samples also makes this a non-randomized study,
which may have led to systematic differences between
treatment groups. Another limitation of this study is related
to the test sequence selected for the groups. The biomechan-
ical tests were performed sequentially, starting with the
intact vertebral column, followed by the polyaxialþdistrac-
tor, polyaxial–distractor and pin-PMMA groups. Analysis of
the polyaxialþdistractor group before the polyaxial–dis-
tractor group may influence results since preparation of
the disk and insertion of the interbody distractor may affect
the vertebral endplate. However, this sequence was chosen
to maintain the same standard of changes in the interverte-
bral disk space between groups, changing only whether or
not the distractor was present. The consequences of prepar-
ing the endplate for placement of the interbody distractor in
the polyaxialþdistractor group were also present in the
remaining treatedgroups, decreasing the differencebetween
them. Despite the changes to the endplates, stabilizing
structures such as the lateral and dorsal annulus fibrosus
remained intact, mimicking a normal intervertebral disk
fenestration.31 Another limitation that should be considered
is the use of the same specimens in all groups, as previously
reported.30,33,34 The pins in the pin-PMMA groups were
inserted after three holes were created in the vertebral
body of each vertebra, which may lead to loosening of the
pins if the pin enters the same hole previously created. This,
in turn, would affect the final result. Care was taken, howev-
er, to avoid any overlap between the perforations, so pins
were inserted at locations where there were no previous
holes, and macroscopically, there was no overlap at the cis-
cortex. Also, the pins were inserted at different angles from
the polyaxial screws, being angled laterally and entering the
vertebra diagonally. Another factor is that all pins exited the
contralateral cortical bone at the dorsal lamina and had their
insertion point in the cis-cortex (vertebral body, cancellous
bone of the vertebral body, pedicle bone and trans-cortex).

In conclusion, transvertebral body fixation of the C6–7
region with polyaxial screws with or without an interbody
distractor was effective and comparable with fixation using
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bicortical pins and PMMA. Additionally, we did not observe
an increase in the mobility of the cranial VMU. The associa-
tion of an intervertebral distractor did not add rigidity to the
fixation with polyaxial screws and connecting bars.

The studied systems were adequate within the specific
study parameters, such as in large dogs, and thefindings only
apply within the range of forces applied.
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