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Introduction

Spinal implants that are designed for humans and are used for
vertebral column fixation in dogs have several limitations.
Differences in dog breeds and sizes are reflected in differences
in vertebral column anatomy andmost human spinal implants
are too large for the canine spine. There is only a very limited
range of specific spine implants in themarket for dogs, and the
high costs of spinal implants that are designed for humans
prevent their routine use in the dog. Various other surgical
techniques have been employed for vertebral column fixation

in dogs includingmodified segmental lumbar plates and screw
or pins in combinationwith polymethylmethacrylate (PMMA)
bridges. Pin in conjunction with PMMA and screws combined
with PMMA (Screw-PMMA) have beenwidely used as the gold
standard for spinal fixation in dogs due to the lack of commer-
cially available alternatives and their lowmaterial costs. How-
ever, these techniques have shown treatment failures in canine
patients because the size of some devices was inappropriate,
realignment of the spine after application was difficult or
impossible, and advanced imaging with magnetic resonance
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Abstract Objectives To develop the canine vertebral screw and rod fixation system (CVSRF)
and to compare the biomechanical properties between CVSRF and the screw and
polymethylmethacrylate (Screw-PMMA) technique for internal fixation of the vertebral
column in dogs.
Methods The CVSRF consisted of vertebral screws with monoaxial side-loaded head,
rods and specific inner screws connecting rod to the screw head. The CVSRF prototype
was made from titanium alloy and manufactured by the rapid prototype machine.
Vertebrectomy models were simulated by ultra-high-molecular-weight polyethylene
blocks and tested with the CVSRF system (n ¼ 8) and the Screw-PMMA technique
(n ¼ 8). Themodels were developed according to the American Society for Testing and
Materials (ASTM F-1717–04). The biomechanical parameters were the compressive
bending yield load, the compressive bending stiffness, the compressive ultimate load
and the load displacement curve.
Results Themean values of the compressive bending yield load, compressive bending
stiffness and compressive ultimate load of the CVSRF were significantly higher than
those of the Screw-PMMA technique (p < 0.01). The load displacement curve of the
CVSRF showed higher rigidity and durability than that of the Screw-PMMA technique.
Clinical Significance This mechanical study indicated that the CVSRF system can be
used for canine vertebral stabilization and the biomechanical properties were better
than those for the Screw-PMMA device.
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imaging with the implants in place was hampered with
imaging artefacts. Also, PMMA techniques came with post-
operative complications like difficulty with wound closure or
compression of adjacent soft-tissue structures due to its space-
occupying effect.1

The gold standard for spinal fixation in humans has been
pedicle screw and rod fixation system, which has been widely
used for more than 30 years. Especially in the lumbar region,
surgical approaches like anterior, posterior or transforaminal
lumbar intervertebral fusion using pedicle and intervertebral
cages have become the standard of care for spinal fusion in
humans.2 The pedicle screw and rod fixation system3 and the
pedicle screw and rod fixation system with a titanium cage4

were successfully tested ex vivo and applied in vivo5,6 in the
lumbosacral area of large breed dogs using the smallest pedicle
screwsavailable forhumansdemonstrating that theprinciple of
pedicle screwand rodfixation systemmayalso be used in dogs.

To make the screw-rod system more widely available for
dogs of various sizes, this study presents a new implant
specific to the canine spine and the results of mechanical
testing in a laboratory environment according to a standard
testing protocol for human spine implants. The first aim of
this studywas to design amodern canine vertebral screwand
rod fixation (CVSRF) system for internal fixation of the
vertebral column in dogs and then build the prototype.
The second aim was to mechanically test the prototype
construct and compare it with the Screw-PMMA construct.

Materials and Methods

Design of the Prototype Construct
Eight samples of the prototype construct of the CVSRF
system were manufactured from titanium alloy (Ti 6Al-4V

ELI) and one complete sample included four titanium ver-
tebral screws, two titanium rods, and four titanium inner
screws that locked the rods into the screwheads (►Fig. 1). All
components of the prototype device were manufactured
with a computer numerical control machine (TORNOS/Swiss
ST-26) with the highest grade of accuracy for manufacturing
medical implants for humans.

The titanium vertebral screw was developed as a self-
tapping cancellous screw type with monoaxial side-loaded
head for receipt of the rod. The outer shape of the screw shaft
was cylindrical with a diameter of 3.5 mm and the inner core
was conical with diameter of 2.5 mm (►Fig. 1A). All screws
had a length of 16 mm resembling the corridor in the thor-
acolumbar and lumbar vertebral column in dogs. The thread
type on the shaft was buttress thread with a pitch of 2.0 mm.
The screws were insertedwith a custom-made screw inserter
that was fitted into the vertebral screw head.

The titanium inner screw had a universal hexagonal M5
screw head design, with a thread pitch of 0.8 mm, a length of
4.0 mm, and the tip had a cone shape with an angle of
120 degrees (►Fig. 1B). The inner screw was inserted in
themonoaxial side-loaded head of the vertebral screwwith a
hexagonal screwdriver of 2.5 mm.

The titanium rods had a standardized diameter of 4.0 mm
and a length of 45 mm (►Fig. 1C).

Mechanical Testing of the Prototype
Two ultra-high-molecular-weight polyethylene (UHMWPE)
blocks measuring 75 mm � 45 mm � 19 mmwere manufac-
tured tomimic two segments (vertebrae) of the canine verteb-
ral column (►Fig. 2). SixteenUHMWPEblockswere needed for
testing eight samples of the prototype device. Two vertebral
screws per UHMWPE block were manually inserted 40 mm

Fig. 1 The canine vertebral screw and rod fixation prototype is manufactured from titanium alloy (Ti-6AI-4V ELI) and each sample includes
(A) four vertebral screws (diameter: 3.5 mm, length: 16.0 mm), (B) four inner screws (universal hexagonal M5 head, pitch: 0.8 mm, length:
4 mm), and (C) two rods (diameter: 4.0 mm, length: 45.0 mm).
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apart using the custom-made screw inserter. The screw shaft
was inserted at a depth of 16 mm leaving the screw head
exposed. Two rods were mounted sideways on the vertebral
screw heads, perpendicular to the screw shaft and perpendi-
cular to the UHMWPE blocks, connecting the blocks on
each side (►Fig. 2). The inner screw was inserted with a
2.5-hexagonal screwdriver and locked the rods in place and
completed the spinal implant assembly. The distance between
the UHMWPE blocks was 23 mm. The UHMWPE blocks with
spinal implant assembly fitted inside the U-shaped metal
moment arm and were connected to a roller (►Fig. 2B, C).
The U-shaped metal moment arms were 15 mm apart. The
U-shaped metal device with spinal implant assembly was
mounted in a single column-type universal testing machine
(Instron 55R4502; MTEC, Bangkok, Thailand; ►Fig. 2A).

The standard test protocol published by the American
Society for Testing and Materials (ASTM F1717–04 Interna-
tional, West Conshohocken, Pennsylvania, United States) for
testing spinal implant constructs in a vertebrectomy model
was used to measure construct rigidity. Static compressive
bending forcewas applied at a point 35 mm from each screw
insertion point perpendicular to the rod (►Fig. 2B, C). The
bending force was constantly applied at the longitudinal
midline of the spinal implant assembly resembling two
vertebral bodies connected by an intervertebral disc. The
test apparatus was loaded at a rate of 5 mm/min at room
temperature (24°C). The static compressive bending force
was terminated at 14 mm displacement of the U-shaped

metalmoment arms just before theymade contact with each
other and were 1 mm apart.

Read-out parameters were visualized as the load-displa-
cement curve that included the compressive bending yield
load which was recorded at set intervals, and the compres-
sive bending ultimate load. The compressive bending yield
load was defined as the force that caused a displacement at
2% offset yield and produced permanent deformation (ASTM
F1717–04). The compressive bending ultimate load was
defined as the maximum force that caused failure of the
construct. The compressive bending stiffness was calculated
from the load-displacement curve using the compressive
bending yield load divided by elastic displacement.

The CVSRF prototype construct was compared with the
Screw-PMMA technique that is considered as the gold stan-
dard technique in canine internal spinal fixation (►Fig. 2A).
For the Screw-PMMA technique, a cancellous screw was
chosen with diameter of 4.0 mm and length of 26 mm. All
screws were manufactured from stainless steel 316L (MDC,
Bangkok, Thailand) and inserted in each side of the UHMWPE
blocks until a depth of 16 and 40 mm apart. The screw head
and 10-mm screw shaft were left exposed to be embedded in
PMMA. Two screws on different UHMWPE blocks were
embedded in a standardized PMMA (Biomet Bone Cement)
bridge that had a diameter of 15 mm and a length of 55 mm.
Also in this set up, the UHMWPE blocks were 23 mm apart
(►Fig. 2A). The PMMA was prepared as per manufacturer’s
instructions by mixing 40 g polymer powder with 20 mL

Fig. 2 (A) Setup of the single column-type universal Instron testing machine loaded with the spinal implant assembly. (B) The canine vertebral
screw and rod fixation construct including the ultra-high-molecular-weight polyethylene blocks were mounted in U-shaped metal moment arms,
15 mm apart, and were compressed at a load rate of 5 mm/min. (C) The compressive ultimate load of canine vertebral screw and rod fixation
mechanical testing was reached at 14 mm displacement when the metal moment arms were 1 mm apart.
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methyl methacrylate liquid for each side, and after shaping
the bridge, the PMMAwas left to polymerize for 10 minutes.
Eight samples of the Screw-PMMA construct were measured
in the same manner as described earlier for the CVSRF
prototype construct. All implants were new before testing
and had not been used previously.

Radiography
Following the mechanical tests of the CVSRF prototype and
the Screw-PMMA construct, each spinal implant assembly
underwent radiography to assess mode of failure of each
construct after testing.

Statistical Analysis
Statistical analysiswasperformed using SPSS 17.0 (SPSS, Inc.,
Chicago, Illinois, United States). The compressive bending
yield load, bending stiffness and compressive bending ulti-
mate load data were expressed as mean � standard devia-
tion (SD). The CVSRF prototype construct (n ¼ 8) was
compared with the Screw-PMMA (n ¼ 8) and analysed by

the independent Student’s t-test. A p-value of < 0.05 was
considered statistically significant.

Results

Design of the Prototype Construct
The CVSRF prototype was lightweight and easy to assemble
and the screws were inserted with the custom-made screw
inserter. The inner screws locked the rods in place and no
loosening of rods from the screw heads was observed during
and after testing.

Mechanical Testing of the Prototype
The mechanics of the spinal implant constructs was
evaluated with the static compressive bending force
according to the ASTM F1717–04 protocol. The mean
(�SD) values of the compressive bending yield load, the
compressive bending stiffness, and compressive ultimate
load of CVSRF (85.79 � 8.23 N, 20.75 � 4.06 N and
166.40 � 25.19 N, respectively) were significantly higher
(p < 0.01) than those of the Screw-PMMA technique
(61.51 � 3.73 N, 14.49 � 0.53 N and 83.23 � 1.84 N,
respectively; ►Table 1). The load displacement curve of
the CVSRF system showed higher rigidity and toughness
than that of the Screw-PMMA technique (►Fig. 3).

Radiography
The constructs of the CVSRF system and the Screw-PMMA
technique all showed permanent deformationwhen the com-
pressive bending ultimate loadwas exceeded (►Fig. 4). Radio-
graphs after mechanical testing revealed that the permanent
deformation occurred due to bending of the screws at their
insertion point (►Fig. 5). However, the deformation of the
screws in the Screw-PMMA constructs showed more bending
than those in the CVSRF prototype (►Fig. 5).

Table 1 Mean (�SD) values of static compressive bending
forces between the CVSRF (n ¼ 8) system and the Screw-
PMMA (n ¼ 8) technique tested in a vertebrectomy model

Groups Mechanical parameters

Bending
yield
load (N)

Bending
stiffness
(N/mm)

Bending
ultimate
load (N)

CVSRF 85.79 � 8.23a 20.75 � 4.06a 166.40 � 25.19a

Screw-
PMMA

61.51 � 3.73 14.49 � 0.53 83.23 � 1.84

Abbreviations: CVSRF, canine vertebral screw and rod fixation; PMMA,
polymethylmethacrylate.
ap < 0.01 between CVSRF and Screw-PMMA.

Fig. 3 The load-displacement curve for canine vertebral screw and rod fixation shows a higher rigidity and toughness than that for the screws
combined with polymethylmethacrylate technique. CVSRF, canine vertebral screw and rod fixation; PMMA, polymethylmethacrylate.
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Discussion

This study showed that a newly designed CVSRF has higher
mechanical stiffness properties than the most commonly
used construct in canine spinal fixation, namely the Screw-
PMMA technique.

Themonoaxial side-loaded screwhead designwas used in
the CVSRF system instead of the top-loaded screw head
design for humans due to the difference of screw head
positioning on canine vertebrae. The top-loaded screw
head was designed for humans because the pedicle screw
trajectory is more accessible from the posterior side and
perpendicular to the human vertebral column. In dogs, the

anatomy of the lumbar spine allows an approach from the
dorsolateral side to the pedicle and vertebral body and side-
loading the rod on the screw head is more convenient.
Insertion of the screws for the CVSRF system is different
from insertion of pedicle screws.1 The side-loaded screw
head was designed to fit easily on the dorsolateral surface of
canine vertebrae and to facilitate insertion of the titanium
rod on the screw head in the confined space of the spinal
surgical field, thereby reducing trauma to the surrounding
tissues. The 360-degree polyaxial screw head, which is
popular in human spine surgery, also facilitates adaptation
of the screw heads to the rods. The polyaxial screw head type
is also top-loaded but is more expensive and has a reduced

Fig. 4 After mechanical testing, the bending deformity was found at the insertion point in ultra-high-molecular-weight polyethylene blocks in
both constructs. However, the rod and polymethylmethacrylate bar remained intact.

Fig. 5 Radiograph of the spinal assemblies after mechanical testing. The bending deformity at the insertion point of screw body in screws
combined with polymethylmethacrylate construct (arrow) was visually larger (i.e., more bending) than in the canine vertebral screw and rod
fixation prototype (arrowhead). (A) Comparison screw body of the 3.5-mm titanium vertebral screw in the canine vertebral screw and rod fixation
prototype (left) and the 4.0-mm stainless steel cancellous screw in the screws combined with polymethylmethacrylate technique (right).
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static compressive bending yield load compared with the
monoaxial designs.7

The screws for the CSVRF system were designed as self-
tapping cancellous screw types with an outer cylindrical
configuration and an inner conical configuration for max-
imum resistance to a pullout force.8 They can be used in
various bone densities9 due to their design with the buttress
thread and conical core. In this study, loosening of the self-
tapping 3.5 screws and the 4.0 cancellous screws from the
UHMWPE blocks was not encountered. However, the varia-
bility of bone mineral density and size of vertebrae were
eliminated by UHMWPE blocks. Thus, our test cannot predict
how the systemwill perform in canine cadavericmodels or in
vivo, and for this further tests are necessary.

All the components of the CVSRF prototype were made of
Ti6Al4V ELI. This material is accepted as an international
standard for surgical implants in humans (ASTM F136–96).
The Ti6Al4V ELI (Grade 23) is very similar to Ti6Al4V (Grade
5), but it provides improved ductility and better fracture
toughness (ASTM F136–13). In addition, the histological
biocompatibility of titanium in surrounding tissue is better
than that of stainless steel and PMMA.10

In this study, the CVSRF screws with a diameter of 3.5 mm
and length of 16 mm were chosen to represent the median
screw size used in the thoracolumbar junction. Based on the
report byWatine and colleagues,11 the length and width of the
thoracolumbar implantationcorridorweredeterminedoncom-
puted tomography images from tenth thoracic to sixth lumbar
vertebrae in35differentadultdogs,withbodyweightbetween4
and 75 kg. Themedian lengthwas 17.1 mm (range, 14–19mm)
and themedianwidthwas5.9 mm(range, 3–7mm). Thescrews
were inserted approximately 50 to 80% into the vertebral body.3

In addition, the corticocancellous 3.5 mm screwwas an appro-
priate sized implant for thoracolumbar vertebraeofdogsweigh-
ing 10 to 35 kg.1

According to ASTM F1717–04, static load types and dy-
namic tests shouldbeperformed forcomparative evaluationof
thenewspinal implant assemblies. Themain role of the screw-
rod system is to resist the compressive bending loads and to
maintain stability of the spine in the sagittal plane in vivo.
Although the anatomy of the canine and human spine are
different, thebiomechanical loadingof the spine is remarkably
similar between quadrupeds and bipeds.12 The most effective
biomechanical force acting on the spine of the paralyzed
canine patient is flexion.13 The greatest load placed on in-
strumentation postoperatively in paralyzed human patients is
also flexion.14 Therefore, the CVSRF system was subjected
primarily to static compressive bending testing. The fatigue
test is considered as the dynamic test for new implants. This
test was performed in a biomechanical study of a modified
pedicle screw by Liu and colleagues,15 and the dynamic
compressive tests showed that failure of the monoaxial screw
bodies occurred at the insertion point into UHMWPE blocks.

The static test results indicated that the CVSRF system
performedsignificantlybetter thantheScrew-PMMAtechnique
in terms of compressive bending yield load, compressive bend-
ing stiffness and compressive bending ultimate load. This may
be explained by the specific CVSRF design contributing to its

stiffness, namely the inner conical configurationof thevertebral
screws, the side-loaded screwheads and the angular conforma-
tionof the inner screwresulting in a strongconnectionbetween
rod and screws. This designmakes the CVSRF systemmechani-
cally stronger than the Screw-PMMA technique.

Bending deformation occurred at the insertion point of
the screw in both constructs after the mechanical testing
while the rod and PMMA bar were still intact. Although the
screw diameter (4.0 mm) in the PMMA construct was larger
than that (3.5 mm) in the CVSRF construct, the bending
defects at the neck of all CVSRF screws, as demonstrated by
radiographic findings, were less than those of the screws in
the PMMA constructs. The most probable explanation for
this is the larger inner core screw design and the titanium
component.16–18 The bending defects in the CVSRF screws
may be resolved by increasing the screw diameter.

The pedicle screw and rod fixation system is reported as
the surgical technique to solve the problems of the PMMA
implants.3–6 However, the top-loaded head design is speci-
fically designed for the human pedicle, and the available
screw diameter that fits only in large breed dogs and its high
cost limit the use of pedicle screw and rod fixation system in
dogs. The CVSRF systemwas designed to solve this problem.
The CVSRF system was tailored to the canine spine, and the
screw diameter was adapted to the vertebral body to facil-
itate canine vertebral fixation. In addition, the mechanical
properties of the CVSRF system were not different from the
pedicle screw and rod fixation system in humans and were
stronger than the Screw-PMMA technique.

The limitation of the present study was testing the device
on UHMWPE blocks, which are different from canine verteb-
rae. Also, when applying the CVSRF system and the Screw-
PMMA technique on the UHMWPE blocks, one can achieve
the best match, which is difficult to meet during clinical
surgical procedures. Therefore, our results cannot predict the
biomechanical performance of these screw-rod systems in
vivo. Evaluation of their use in a cadaveric setting and in
clinical cases needs to demonstrate their efficacy. Also, a
comparison of the failure loads to the expected loading in
vivo would be useful to place the results into a meaningful
clinical context. Ultimately, fatigue testingwill be required to
determine the endurance of both techniques.

In conclusion, the CVSRF is a new device that was designed
and built to resolve the problem of current surgical technique
for vertebral column fixation in dogs. All mechanical testing
properties during bending showed that the CVSRF performed
better than the Screw-PMMA technique.
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