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ABSTRACT 1 

Objective: To assess technical feasibility and mechanical properties of three locking 2 

plate designs (Zero-P, Zero-P VA and Uniplate 2) for use in the canine cervical spine. 3 

Study Design: Prospective ex-vivo study using canine cadaveric tissues. 4 

Animals: Eighteen canine cervical spines collected from skeletally mature 5 

large-breed dogs. 6 

Methods: Specimens were screened using radiography and allocated into balanced 7 

groups based on bone density. Stiffness of intact C4–C5 vertebral motion units (VMU) 8 

was measured in extension, flexion and lateral bending using non-destructive 4-point 9 

bend testing. Uniplate 2 was then implanted at C4-C5 and mechanical testing was 10 

repeated. Mechanical test data were compared against those from six spines implanted 11 

with monocortical screws, an allograft ring spacer and PMMA. 12 

Results: The Zero-P and Zero-P VA systems could not be surgically implanted due to 13 

anatomical constraints of the canine cervical spine. Fixation with Uniplate 2 or with 14 

screws/PMMA significantly increased stiffness of the C4-C5 VMU compared to 15 

unaltered specimens (p < 0.001) in extension. Stiffness of the titanium screw/PMMA 16 

fixation was significantly greater than the Uniplate 2 construct in this direction. Flexion 17 

and lateral bending could not be evaluated in 3 of 6 specimens in the Uniplate 2 group 18 

due to failure at the bone/implant interface during extension testing. 19 

Conclusions: Fixation with Uniplate 2 was biomechanically inferior to screws/PMMA. 20 

Particularly concerning was the incidence of vertebral fracture after several testing 21 

cycles.  Fixation using the Zero-P and Zero-P VA was unsuccessful due to anatomic 22 

constraints in the vertebral column sizes used in this study. 23 
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INTRODUCTION 24 

Canine cervical spondylomyelopathy (CCSM) is a common, naturally occurring and 25 

progressive disorder affecting large and giant-breed dogs. The pathophysiology and 26 

clinical sequelae of CCSM in dogs are similar to those of compressive cervical 27 

myelopathy in humans.
1 

28 

 29 

Surgical stabilization of the cervical vertebral column in dogs affected with CCSM has 30 

become a promising treatment option, and has been largely modeled from human 31 

medicine.
1-10 

One option for surgical treatment involves distraction of the affected 32 

intervertebral articulation to relieve soft tissue compression of the spinal cord, followed 33 

by stabilization to attain bony fusion across the site. While a multitude of techniques and 34 

implants have been developed for human cervical fusion, the development of canine 35 

spine specific veterinary implants is still in its infancy, with most available literature 36 

based on case reports and few biomechanical studies.
8-10 

37 

 38 

A range of standard veterinary orthopedic implants have been adapted for use in the 39 

canine cervical vertebral column. Clinical and biomechanical reports of locking plates 40 

used with monocortical screws and monocortical screw/polymethylmethacrylate 41 

constructs support their use in dogs.
1,5, 9-13 

Avoiding use of PMMA in fixation methods 42 

could be beneficial in preventing complications associated with this material including 43 

thermal injury during curing, increased risk of infection, cement failure, bulky material 44 

with possible soft tissue compression, and difficult removal.
1,5,7,13

 Utilization of locking 45 

Page 2 of 31

Veterinary Surgery

Veterinary Surgery



For Peer Review

plates could eliminate many of the disadvantages of PMMA and offer rigid fixation with 46 

a low profile and the ability to use monocortical screws. 47 

 48 

Two clinical studies have evaluated human fusion plate systems in canine patients.
1,10

 49 

Bergman
10 
 evaluated a cervical spine locking plate (CSLP; Synthes) combined with a 50 

cortical ring allograft and cancellous autograft in 10 dogs. Of the 8 dogs that were 51 

available for follow-up, 7 had moderate to complete improvement and did not experience 52 

recurrence at long term follow-up (approximately 2.5 years). Trotter
1
 also evaluated the 53 

use of CSLP, this time with cancellous block interbody grafting, and reported satisfactory 54 

outcomes in 8 of 10 dogs at long term follow-up of 1-5 years. Complications encountered 55 

with the use of the CSLP in the canine spine related to the highly variable shape of the 56 

ventral aspect of the canine cervical vertebrae which required increased time to contour 57 

and bend the plate—it was hypothesized that such changes may contribute to 58 

complications such as screw loosening via alteration of the plate’s biomechanical 59 

efficacy.
10 

60 

 61 

Given the inherent costs associated with manufacturing implants specifically for the 62 

canine market, it would clearly be advantageous to be able to make use of standard 63 

human implants in dogs. Differences in spinal dimensions and anatomy between humans 64 

and dogs make this challenging, especially in the cervical spine.
1
 Locking plate designs 65 

offer some advantages in this regard since they do not rely on absolutely accurate 66 

contouring between the plate and the underlying bone structures. With this in mind, we 67 
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wanted to explore the potential utility of three contemporary locking plate designs: Zero-68 

P and Zero-P VA and Uniplate 2 (DePuy Orthopaedics, Inc., Warsaw, Indiana, USA).   69 

 70 

The Zero-P implant is a stand-alone implant designed for cervical interbody fusion in 71 

humans with degenerative disc disease and spinal stenosis.
14
 It features a radiopaque 72 

PEEK interbody spacer of variable height and angle, and a titanium alloy interbody plate 73 

that accepts four 2.4mm self-tapping titanium alloy locking screws (2 screws in cranial 74 

and 2 screws in caudal orientation).
14
 (Figures 1 and 2A).  75 

 76 

The Zero-P VA uses the same PEEK interbody spacer; however, the interbody plate only 77 

allows two 3.7mm titanium alloy screws for fixation (one screw each for cranial and 78 

caudal fixation).
15 
These are variable angle screws that can be oriented in wider 79 

trajectories than the locking screws used in the Zero-P, potentially facilitating bony 80 

purchase in the vertebral bodies.
15 
(Figures 1 and 2B).  81 

 82 

Several biomechanical reports have been performed in humans to evaluate the Zero-P and 83 

Zero-P VA implants for use in cervical interbody fusion. One biomechanical study 84 

suggested that a spacer implant with locked screws (Zero P) significantly reduces motion 85 

compared to an intact spine, while a variable angle screw spacer failed to provide 86 

adequate stabilization for the same type of injury.
16 
Additionally, it was reported that 87 

anchored cage implants (the Zero-P) had similar clinical outcomes to that of a cage 88 

combined with a plate, but were inferior in stabilization of motion and rates of fusion.
17
  89 

 90 
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The Uniplate 2 system is a low profile 2-hole locking titanium plate developed to hasten 91 

operative times and reduce soft tissue dissection around the vertebral body 
18
 (Figure 1 92 

and 2C). It relies on fixation with only one screw per vertebral level (monovertebral 93 

monocortical fixation). Limited reports in the human literature suggest equivalent 94 

biomechanical efficacy of the similarly designed Uniplate
TM

 (Depuy Spine, Raynham, 95 

MA, USA) to other plates that utilize one screw per vertebral level.
19  

96 

 97 

To the authors’ knowledge, none of these 3 implants have been evaluated for either 98 

technical feasibility or for biomechanical effect in the canine cervical spine. If usable and 99 

efficacious, they may offer alternative options for dogs requiring cervical distraction and 100 

fusion using spine-specific implants. The goal of this study was therefore to evaluate the 101 

two Zero-P designs (used with the standard PEEK spacer) and the Uniplate 2 (used with a 102 

cortical ring allograft spacer) in the canine cervical vertebral column. Biomechanical 103 

testing was performed and the results compared to those of an established monocortical 104 

titanium screw(Ti)/PMMA (polymethylmethacrylate)/cortical ring construct. Our 105 

hypothesis was that the human implants could be applied to the canine cervical vertebral 106 

column and that there would be no significant difference in the stiffness between them 107 

and the Titanium/polymethylmethacrylate ring construct.   108 
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MATERIALS AND METHODS 109 

The study was reviewed and approved by the local Institutional Laboratory Animal Care 110 

and Use Committee.  111 

 112 

Tissue Specimens 113 

Canine cervical vertebral columns (C2–C7) were harvested from mature dogs (n = 18) 114 

that had been euthanatized for reasons unrelated to this study. To be included, dogs had 115 

to weigh 20–31 kg. Orthogonal radiographs were obtained to ensure physeal closure and 116 

lack of pathology affecting the vertebrae and disk spaces. Vertebral bone mineral density 117 

measurements were made by dual‐energy X‐ray absorptiometry (DEXA) scans (Lunar 118 

Prodigy; GE Healthcare, Milwaukee, WI) and these data were used to allocate specimens 119 

into three balanced groups. Surrounding soft tissues were resected except for vertebral 120 

musculature, joint capsules and ligaments associated with vertebrae C3–C6. Specimens 121 

were then wrapped in moist towels, soaked in sterile saline (0.9% NaCl) solution, and 122 

frozen until testing. Specimens were kept moist using sterile saline solution during 123 

processing and testing.  124 

 125 

Biomechanical Testing 126 

The cervical vertebral columns were thawed to room temperature, the vertebral motion 127 

units (VMUs) between C3–C4 and C5–C6 were immobilized using previously described 128 

methods
12 
and an extensometer applied across C4-C5. The operated C4-C5 motion unit 129 

was then tested in extension, flexion and right lateral bending using a custom made, 130 

four‐point bending fixture with a previously reported protocol.
12,20 

Briefly, after a 131 
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preload of 5 Newtons (N), testing was conducted under load control at 50 N/min to 150 N 132 

in flexion and extension and to 100 N in right lateral bending. Each specimen 133 

sequentially underwent 4 full cycles of extension, flexion, and lateral bending with load 134 

and displacement data from the 4
th
 cycle data used for analysis when available. Load and 135 

extensometer displacement data were used to calculate load– displacement curves for 136 

each bending moment of the intact C4–C5 motion unit. Stiffness (N/mm) was determined 137 

by calculating the slope of the linear portion of each load–displacement curve. After 138 

testing was completed for the intact specimen, the spinal instrumentation was applied 139 

(see below) and testing repeated on the instrumented C4-C5 levels.  140 

 141 

Instrumentation of the C4-C5 motion unit  142 

Six specimens were initially used to evaluate the Zero-P and Zero-P VA implants. After a 143 

standard ventral approach to the mid cervical spine, a diskectomy was performed at C4-144 

C5 and the disk space was manually distracted. A 5mm height parallel PEEK ring was 145 

inserted into the disk space with the appropriate interbody plate attached.  146 

 147 

For the Zero-P implant, (DePuy Orthopaedics, Inc.,Warsaw, Indiana, USA), a threaded 148 

drill guide was used and holes were drilled with a 1.8 mm drill and the plate secured with 149 

four 2.4mm stainless steel self-tapping locking screws, 2 placed in the cranial vertebra 150 

and 2 in the caudal vertebra. For the Zero-P VA implant, a 2.5 mm awl with variable 151 

angle sleeve was used to create a pilot hole into the caudal endplate bone of C4 and 152 

cranial endplate bone of C5 prior to screw insertion. Two 3.7 mm self-drilling titanium 153 

alloy screws were then placed into the cranial and caudal vertebral endplate with a 154 
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stardrive screwdriver. None of these 6 spines proved to be stable and further testing of 155 

these 2 devices was abandoned (Figures 2A and B). 156 

 157 

The Uniplate 2 implant (DePuy Orthopaedics, Inc.,Warsaw, Indiana, USA) was 158 

successfully deployed in 6 of 6 test specimens. A standard approach to the ventral aspect 159 

of C4–C5 was performed. After diskectomy and manual distraction, a cortical ring 160 

allograft of appropriate size, harvested previously from canine cadaveric tibiae, was 161 

placed into the C4-C5 intervertebral disk space. The Uniplate 2 was placed to span the 162 

intervertebral space, ensuring that screw holes and subsequent screws would avoid the 163 

disk space.  Plate contouring was also used to optimize the fit between the plate and the 164 

underlying bone. An awl was used to penetrate the cis cortex and mark position of the 165 

screw hole, then a 3.2mm drill bit was used to drill through the cis cortex only. A 4.6 mm 166 

self-drilling screw was then inserted monocortically into the C4 and C5 vertebral body. 167 

The screws were locked via a cam-lock technique using the CAM-LOC and tightened 168 

using the CAM Tightener Shaft (DePuy Orthopaedics, Inc) until an audible click 169 

occurred, signaling that the proper level of torque had been reached (Figure 2C). 170 

 171 

In order to provide clinical context for these biomechanical tests, comparisons were made 172 

against a series of 6 cervical vertebral specimens that were implanted with screw/PMMA 173 

and an interbody spacer as part of an earlier study.
12
 These specimens had been harvested 174 

under the same inclusion criteria and procedural protocols, and had undergone C4-C5 175 

stabilization with cortical ring disk spacer and 3.5 mm monocortical self-tapping titanium 176 
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screws with 20 g of PMMA per specimen (DePuy Synthes Vet, West Chester, PA and 177 

Simplex P Bone Cement, Stryker, Mahwah, NJ, respectively). 178 

 179 

Postoperative Implant Assessment 180 

Post-implantation and post-testing orthogonal radiographic projections were used to 181 

assess implant position and to identify any evidence of mechanical failure at the implant-182 

bone interface or within the bone itself (Figure 2).  183 

 184 

Statistical Analysis 185 

Descriptive statistics were calculated for all variables. Baseline characteristics between 186 

the Uniplate 2 and Titanium screw/PMMA fixation were compared using Fisher exact 187 

tests for categorical data and Student’s t tests for quantitative data. Stiffness was 188 

compared between spines fixed with the Uniplate versus titanium screw/PMMA and 189 

evaluated among the 3 directional measurements (i.e., extension, flexion, and lateral 190 

bending).  Ninety-five percent mid-P exact confidence intervals (CI) were calculated for 191 

each measurement. Statistical testing was performed using commercially available 192 

software (IBM SPSS Statistics, Version 22, International Business Machines Corp., 193 

Armonk, NY) and significance was set at p < 0.05.  194 
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RESULTS 195 

Vertebral Specimens 196 

Spines of 6 large breed dogs were used to apply the Zero-P and Zero-P VA to mid and 197 

caudal cervical VMUs. The 5mm parallel PEEK cage could be applied without difficulty. 198 

Screws into the caudal vertebra appeared well positioned; however, screws in the cranial 199 

vertebra did not achieve adequate bony purchase for either implant. Most screws only 200 

penetrated a small amount of the caudal endplate of C4 at the ventral aspect. At best, they 201 

purchased bone at the caudal base of the transverse process of C4. Fixation was deemed 202 

inappropriate and biomechanical testing was not performed.  203 

 204 

Twelve cervical vertebral column specimens were used for biomechanical testing of the 205 

Uniplate 2 (n=6) and the titanium screw/PMMA construct (n=6). All specimens were 206 

from Pit Bull terriers that were skeletally mature, as determined by radiographic evidence 207 

of physeal closure, and free of evidence of vertebral pathology. There were 6 intact male 208 

and 6 intact female dogs and body weight ranged from 22-30 kg. There was no 209 

significant difference in body weight, gender or bone mineral density between these 2 210 

groups.  211 

 212 

Biomechanical Testing 213 

In the Uniplate 2 group, all of the intact specimens were successfully tested in extension, 214 

flexion and lateral bending. The instrumented specimens were all successfully tested in 215 

extension, but flexion and lateral bending data were not available in 3 of the fixed 216 
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specimens due to overt failure in extension. The titanium screw and PMMA group was 217 

successfully evaluated in all directions in both the intact and instrumented specimens. 218 

 219 

 Mean (±SD) differences in stiffness were determined for specimens stabilized with the 220 

Uniplate and compared to those stabilized with self-tapping titanium cortical screws and 221 

PMMA in all directions (Table 1).  222 

 223 

All surgical methods increased stiffness over the unaltered spine (P < 0.001). Stiffness of 224 

the Ti screw/PMMA fixation method was significantly greater than stiffness achieved 225 

with the Uniplate fixation method (P< 0.001) in all measurement directions. Stiffness was 226 

also significantly different among measurement direction—extension, flexion and right 227 

lateral bending (P< 0.001). 228 

 229 

Radiographic Implant Assessment 230 

Cortical ring allografts were seated within the borders of the endplates in all specimens. 231 

None of the Uniplate 2 screws penetrated the vertebral canal. Three of the specimens had 232 

radiographically apparent failure via fracture of the caudal endplate of C4. One of these 233 

specimens failed catastrophically in the first extension cycle, and further testing was not 234 

performed. One specimen exhibited pull-out of the caudal screw at the cranial endplate of 235 

C5 with an associated endplate fracture. One specimen appeared to have failure of the 236 

screw bone interface as it was grossly unstable during testing despite no radiographic 237 

evidence of fracture.  238 
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There was no radiographically apparent evidence of failure of the Ti screw/PMMA 239 

implants or bone after biomechanical testing. There was evidence of minimal canal 240 

penetration (<2 mm) with 1 of 36 screws.    241 
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DISCUSSION 242 

We compared the mechanical properties of a monocortical screw/PMMA construct to 243 

that of the monocortical locking Uniplate 2 construct and found that the Uniplate 2 244 

construct was biomechanically inferior to screw/PMMA constructs in cadaveric cervical 245 

vertebral column of dogs weighing 22 to 30kg. Additionally, we found that the Zero-P 246 

and Zero-P VA implants could not be applied to the cervical vertebral columns of dogs in 247 

this weight group.  248 

 249 

In human medicine, use of plating for anterior cervical spine fusion is widespread.
18 
Use 250 

of bicortical anterior screw fixation in anterior cervical fusion has fallen out of favor due 251 

to risks of neurologic compromise which lead to development of constrained cervical 252 

plates with locking mechanisms such as the Uniplate 2 system.
18 
The Uniplate 2 design is 253 

unique in that it requires just one relatively large screw per vertebral level. This design is 254 

meant to address previously reported problems associated with use of two screws per 255 

vertebra in diseased or fractured vertebra, and backing out of small screws.
21
  The 256 

Uniplate 2’s small size also allows for its use in combination with other fixation methods 257 

such as cages, while reducing possibilities of dysphagia and/or recurrent nerve paralysis 258 

associated with large incisions with aggressive dissection and thermal injury from 259 

material such as PMMA.
21
 Other benefits of one screw cervical plates (one 260 

screw/vertebral body plate=OSP) compared to the traditional two-screw/vertebral body 261 

plate (TSP) include a narrower profile, shorter operation time, and reduction of blood loss 262 

and damage to surrounding soft tissues while potentially maintaining the mechanical 263 

stability required after fusion procedures.
22
  Possible downfalls of utilizing a single screw 264 
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per vertebrae versus 2 screws have been proposed, mainly that a single screw construct 265 

may not successfully resist motion as well as a 2 screw construct.
22-23

 266 

 267 

Several studies in human medicine report biomechanical efficacy of OSP plates of similar 268 

design to the Uniplate 2.
19 ,22-24 

One study evaluated the Uniplate
TM

 (Depuy Spine, 269 

Raynham, MA, USA), an OSP similar to the Uniplate 2, and concluded that there was no 270 

significant difference between stiffness in specimens fixed with a OSP versus the 271 

traditional TSP.
19
 An evaluation of  constructs that utilize 1 screw per vertebral segment 272 

versus 2 screws found that, despite the theoretical stability provided by 2 screws, there 273 

was no significant biomechanical difference between the 2-screw plate and the 4-screw 274 

plates in flexion, extension, lateral bending and axial rotation up to 1.5 Nm.
23
 Another 275 

biomechanical study determined that the Uniplate provides satisfactory stabilization 276 

(statistically insignificant difference) of cranial cervical spine intervertebral 277 

decompression in calf cadavers compared to the more traditional ORION Anterior 278 

Cervical Plate System
®
 (Sofamor Danek, Memphis TN).

24 
Finally, in a biomechanical 279 

comparison of various OSPs and TSPs, it was found that in lateral bending, the Uniplate 280 

had the largest increase in range of motion (ROM) (38% increase) of all plates tested, 281 

while one of the TSPs exhibited the smallest increase in ROM (10% increase).
22
 This 282 

study proposed that the high ROM in lateral bending despite fixation may be due to lack 283 

of counter-rotation provided from a second point of fixation (i.e. second screw).
 
 While 284 

the overall performance of OSPs appears equivalent to that of TSPs in these 285 

biomechanical studies, cyclic or fatigue testing to examine long-term outcomes was not 286 

performed.   287 

Page 14 of 31

Veterinary Surgery

Veterinary Surgery



For Peer Review

The results from our study in canine cadavers do not support the notion that 288 

monovertebral fixation with the Uniplate 2 system is biomechanically equivalent to 289 

multiple screw fixation in the canine cervical spine. Our findings are supported by other 290 

biomechanical studies in both human and veterinary literature. One study tested 291 

triangulated double-screw fixation compared to single-screw instrumentation in anterior 292 

spine surgery and found that fixation of the vertebra-device interface is substantially 293 

improved by application of the two triangulated screws.
25
 Another study found that 294 

stiffness showed a significant linear increase with increasing number of monocortical 295 

screws in plate-rod fixation of canine femoral-gap ostectomy models.
26
   296 

 297 

Furthermore, studies in human medicine demonstrate a high rate of complications in 298 

utilization of a OSP system. A case series of humans treated with the Uniplate for 299 

anterior cervical fusion demonstrate a high rate of symptomatic pseudarthrosis 300 

necessitating revision surgery compared to patients who were treated with a bivertebral 301 

screw plating system (4 of 13 cases (31%) versus 1 of 24 cases (4.4%), respectively).
18 

302 

Development of pseudarthrosis could not be evaluated in our cadaveric study but should 303 

be evaluated during prospective studies to determine how complication rates compare. 304 

 305 

Size of the canine cervical disk spaces is a limiting factor when considering many human 306 

cervical interbody spacers for dogs. The small plate design of the Uniplate 2 and the 307 

dimensions of PEEK cages of the Zero-P implants appeared to make these implants 308 

applicable to the cervical vertebral column of large breed dogs. The Pit bull sized dogs 309 

used in this study are on the lower end of the weight spectrum of dogs typically affected 310 
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with CCSM. The weight range of 22-30kg was chosen to allow for direct comparisons 311 

between these human cervical implants and previously evaluated implants.
12
  312 

 313 

The Zero-P and Zero-P VA were initially considered for biomechanical testing and 314 

comparison.
14,15 

These implants combine a cervical interbody spacer and screw fixation 315 

through an integrated plate. While the 5mm parallel PEEK interbody spacers (smallest 316 

available) fit well within the confines of large breed canine disk spaces (Pit Bull terrier 317 

dogs), the cranially oriented locking screws could not engage the vertebral endplate due 318 

to the slant of the canine cervical disk space. As such, while the cages themselves were 319 

successfully used in dogs, neither the Zero-P nor Zero-P VA could be implanted stably. 320 

Among veterinary implants, the C-Lox device, which has been biomechanically 321 

evaluated, works with a similar distraction and fixation concept (disk spacer with 322 

incorporated screw fixation).
11
  323 

 324 

All specimens in the Uniplate 2 group showed failure at the bone-screw interface, with 325 

the most common mechanisms of failure being fracture through the caudal aspect of the 326 

vertebral body/endplate of the cranial vertebra (Figure 3). A likely explanation for this 327 

mode of failure is the hourglass shaped anatomy of the canine cervical vertebral body, 328 

which creates a stress riser against the single locking screw. In the Uniplate 2 construct, 329 

the locking screws are relatively large compared to the diameter of the vertebral body, 330 

and may take up a larger percentage than the traditionally recommended 25% screw 331 

diameter to bone ratio.
 27-29

  Larger dogs may have increased vertebral body dimensions, 332 

which may decrease the risk of vertebral body fracture.  This, however, would have to be 333 
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evaluated by biomechanical studies utilizing larger breed dogs. None of the screws or 334 

plates showed macroscopic evidence of failure. As with other locking implants, failure of 335 

such constructs often occurs at the screw/bone interface via pull out of the bone or 336 

fracture.
30-33

 337 

 338 

One large limitation of this study is that many of the specimens failed prior to the 4
th
 339 

cycle in extension, preventing consistency in the cycle used for statistical analysis. The 340 

high rate of failure in extension (the first direction tested) also precluded biomechanical 341 

evaluation of the Uniplate 2 in flexion and in lateral bending in most specimens. Even 342 

when flexion and lateral bending were evaluated, there was concern about compromise of 343 

the bone-implant interface and resultant effects on stiffness. We considered changing the 344 

order of testing to obtain potentially more valid stiffness values for the other directions. 345 

This, however, would have compromised comparison to the testing of the screw/PMMA 346 

constructs. Likewise, we considered lowering the load to prevent failure and allow us to 347 

test all 3 directions. Other veterinary biomechanical studies have much lower reported 348 

load settings but where also done with different testing setups.
8,10

 To be able to directly 349 

compare the Uniplate 2 to the titanium screw/PMMA constructs, we decided to maintain 350 

the 150N load endpoint. Since the necessary stiffness of spinal implants is not known, an 351 

argument could be made that 150N is too high of a load. However, previous studies have 352 

used this load endpoint with other implants using the same testing setup without apparent 353 

bone/implant failure.
12, 20

 Future studies should focus on larger dogs with increased 354 

vertebral dimensions, that are on the higher end of the size spectrum for CCSM, to 355 

Page 17 of 31

Veterinary Surgery

Veterinary Surgery



For Peer Review

determine if these implants have improved performance (Uniplate 2) and improved 356 

ability of application (Zero-P, Zero-P VA). 357 

 358 

Monocortical titanium screw/PMMA constructs using a cortical bone ring as spacer have 359 

been biomechanically evaluated in the canine cervical spine and compared to other 360 

implant constructs.
12 
This construct allows non-constrained placement of individual 361 

screws and ability to adjust the screw insertion location and angle. They are also more 362 

cost effective than human cervical fusion plates. While the use of veterinary locking 363 

plates has been described for the use of canine cervical stabilization, these plates are not 364 

specifically designed for the canine cervical vertebral column.
5,8,13 

Plate length and hole 365 

location must be carefully assessed for the individual dog, and the locking mechanism 366 

demands a specific screw orientation within the screw hole, which limits the versatility of 367 

screw orientation within the plate.  368 

 369 

In conclusion, the results from this study indicate that both the Uniplate 2 and titanium 370 

screw/PMMA construct achieve a significant increase in stiffness compared to the 371 

unaltered spines.  The Uniplate 2, however, is significantly less stiff compared to the 372 

screw/PMMA construct and led to bone/screw interface failure in all specimens. 373 

Although the data was obtained in an in vitro model, which cannot fully predict in vivo 374 

biomechanical behavior, the human clinical implant cannot be recommended for use in 375 

Pit bull sized dogs at this time. Future studies should focus on biomechanical tests of both 376 

the Uniplate 2 and Zero-P implants in larger dogs, as increased vertebral bone stock may 377 
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allow for a decrease in vertebral fracture rate when using the Uniplate 2 and improved 378 

application of the Zero-P implants.  379 

  380 
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FIGURE LEGENDS 501 

Figure 1. Photographs of each implant in ventral and axial views (middle and right) and 502 

showcasing individual components (left). 503 

 504 

Figure 2. Lateral and ventrodorsal radiographic projections of canine C4–C5 vertebrae 505 

instrumented with 3 human cervical fusion implants.  A: Zero-P with PEEK interbody 506 

cage, titanium interbody plate and four 2.4mm stainless steel locking screws. B: Zero-P 507 

VA with PEEK interbody cage, titanium interbody plate and two self-drilling 3.7mm 508 

variable angle titanium screws. C: Uniplate 2 with cortical ring disk spacer and 2 self-509 

drilling 4.6mm titanium screws locked using the CAM-LOC.  510 

 511 

Figure 3. 512 

Lateral radiographic projections of C4-C5 vertebrae demonstrating 2 types of implant 513 

failures after testing of the Uniplate 2/cortical ring constructs. A: pullout of the caudal 514 

screw with a fracture in the cranial endplate of C5. B: fracture of the caudal endplate of 515 

C4.  516 
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Table 1 Absolute mean (±SD) differences in stiffness from pre- to post-fixation for 517 

Uniplate 2 versus Ti screw/PMMA [% of specimens successfully tested] 518 

Fixation method Extension 

(N/mm) 

Flexion (N/mm) Right Lateral 

Bending (N/mm) 

Uniplate 2 115.08 (47.09) 

[100%] 

61.72 (17.93) 

[50%] 

18.79 (10.31) 

[50%] 

Ti screw/PMMA 137.06 (4.10) 

[100%] 

313.6 (83.52) 

[100%] 

327.76 (64.21)  

[100%] 

 519 
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Photographs of each implant in ventral and axial views (middle and right) and showcasing individual 
components (left).  
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Lateral and ventrodorsal radiographic projections of canine C4–C5 vertebrae instrumented with 3 human 
cervical fusion implants.  A: Zero-P with PEEK interbody cage, titanium interbody plate and four 2.4mm 

stainless steel locking screws. B: Zero-P VA with PEEK interbody cage, titanium interbody plate and two self-

drilling 3.7mm variable angle titanium screws. C: Uniplate 2 with cortical ring disk spacer and 2 self-drilling 
4.6mm titanium screws locked using the CAM-LOC.  

168x249mm (72 x 72 DPI)  
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Lateral radiographic projections of C4-C5 vertebrae demonstrating 2 types of implant failures after testing of 
the Uniplate 2/cortical ring constructs. A: pullout of the caudal screw with a fracture in the cranial endplate 

of C5. B: fracture of the caudal endplate of C4.  
218x93mm (96 x 96 DPI)  
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