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Introduction

Objective To evaluate the use of String of Pearls (SOP) locking plates in thoraco-
lumbar vertebral fractures and luxations in dogs and cats.

Study design Retrospective case series study.

Methods Clinical records of dogs and cats with thoracic and lumbar fractures treated
in four veterinary surgical facilities were reviewed.

Results Atotal of 26 dogs and 2 cats were included. Median weight of dogs at surgery
was 12.1 kg (range: 2.7-37.2 kg) and the median weight of cats was 6.0 kg (range: 3.0-
8.9kg). Deep pain perception was negative in 25% (7/28) of animals at presentation,
and 85.7% (6/7) regained deep pain sensation at discharge. Neurological status at
discharge (p <0.05) was significantly improved compared to neurological status at
presentation. Complications were observed in 28.6% (8/28) of cases. Catastrophic and
major complication rates were both 3.6% (1/28).

Conclusion In the reported cohort of 28 dogs and cats, SOP locking plates success-
fully stabilized traumatic thoracic and lumbar fractures or luxations, and the rate of
complications was similar to those reported using other fixation methods.

Multiple methods of spinal fixation have been described,

Spinal fractures and luxations in small animals are most
commonly caused by vehicular trauma and falls from
heights.!? Other frequent causes of spinal injury include
animal attacks and gunshot wounds, as well as nontrau-
matic causes, such as neoplasia, infection, and metabolic
disease.” The thoracic and lumbar spines are the most
commonly affected regions of traumatic fractures and
luxations.?®
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including pins and/or screws with polymethylmethacrylate
(PMMA), vertebral body plating, vertebral stapling, and
external skeletal fixation.® No single method of fixation
has been shown to be best for every situation.>® There is a
scarcity of scientific literature on the use of locking plates in
canine and feline thoracic and lumbar vertebral fractures or
luxations. In clinical patients, the description of the use of
locking compression plates (LCPs) and String of Pearls (SOP)
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locking plates for vertebral injuries is limited to a few case
reports.w"12

The application of SOP locking plates in spinal trauma has
gained attention in the recent decade due to its locking
characteristics, while still allowing for flexibility in plate
contouring to facilitate safe positioning of screws in vertebral
bodies. A few reports focus on the use of SOP plates in
stabilizing the cervical and lumbosacral regions of the
spine.'>'* To the best of the authors’ knowledge, no compre-
hensive review is available regarding the application of SOP
locking plates for thoracic and lumbar vertebral fractures or
luxations in both dogs and cats.

The purpose of this study is to report implant configura-
tion, clinical neurological outcome, and complication rates in
a cohort of 28 dogs and cats with thoracic and lumbar
fractures/luxations treated with SOP locking plates.

Materials and Methods

Case Selection and Data Collection

The medical records for dogs and cats diagnosed with
traumatic spinal fractures or luxations and stabilized with
SOP locking plates between 2010 and 2022 were reviewed at
four animal hospitals. Data were collected regarding, age,
sex, body weight, type and location of injury, implants,
radiographic assessment, neurological status, and complica-
tions (~Supplementary Table S1 (available online)).

Preoperative Evaluation and Care

Before surgery, all animals were medically stabilized and
radiographed. Analgesia was administered in-hospital and
generally consisted of opioids such as hydromorphone (0.1-
0.2 mg/kg, intravenously, every 4-6 hours), methadone (0.2
mg/kg intravenously, every 4hours), or fentanyl (3-5
mcg/kg/h, constant rate infusion) and/or carprofen (2.2
mg/kg subcutaneously, every 12hours). Complete blood
count and serum chemistry were conducted in all patients
preoperatively. Surgeries were performed by four board-
certified surgeons in the reporting institutions. Animals
underwent standard preparation for aseptic surgery and
were positioned in sternal recumbency for a dorsal surgical
approach.

Surgical Procedure

A dorsal approach to the spine was made by elevating
epaxial musculature from the spinous processes, lamina,
pedicles, and to the transverse process. The approach was
bilateral for bilateral plating and unilateral with unilateral
plating. In cases of vertebral displacement, articular facets
were manually aligned and Kirschner wires (K-wires) were
placed across one or both facets during placement of the
SOP locking plates. In cases of spinal cord compression
caused by bone fragments, bone fragments and hematoma
were removed by means of a laminectomy or pediculec-
tomy. If reduction of displaced vertebrae was deemed
sufficient to decompress neurological structures, the verte-
bral canal was not approached. Intervertebral disks were
identified and plates were placed between the level of
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articular facets and transverse processes in the lumbar
vertebrae and between the level of articular facets and rib
heads in the thoracic area. Exposure of the intervertebral
disks allowed the plates to be placed with screws in the
vertebral bodies without engaging the disks. SOP locking
plates (Orthomed UK Ltd, Halifax, United Kingdom) were
placed along the vertebral column and spanned one to two
vertebrae on each side of the injury. The extent of stabili-
zation, unilateral or bilateral, was chosen at the surgeons’
discretion. The SOP locking plates used were in three sizes
(2.0, 2.7, and 3.5mm) with conventional cortical screws;
sizes depended on the animals’ body weight, vertebral
shape, and on measurements made on diagnostic images.'”
Screw placement angles were based on published recom-
mendations, visual observation, and freehand probing tech-
nique.'® The temporary reduction K-wires were removed
before closure. Standard closure of epaxial fascia, subcuta-
neous tissue, and skin was performed. Orthogonal radio-
graphic views were obtained following surgery (=Figs. 1
and 2).

Neurological Assessment

Neurological status was assessed preoperatively, postopera-
tively within 24 hours, daily until hospital discharge (range:
3-11 days), and at recheck from 2 to 13 weeks postopera-
tively. The neurological status was graded using a 5-point
scale adapted from Matthiesen (~Table 1).* Statistical anal-
yses were performed using commercial statistical software
(GraphPad Prism 9 Software). A comparison of neurologic

Fig. 1 Dorsoventral radiographic views following surgery, T13-L1
subluxation and L1 fracture case 4.
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Fig. 2 Lateral radiographic views following surgery, T13-L1 subluxation and L1 fracture case 4.

status was performed between preoperatively and postoper-
atively within 24 hours and between preoperatively and at
discharge by using the Kruskal-Wallis test followed by
Dunn’s post-hoc test for multiple comparisons. A two-tailed
value of p <0.05 was considered significant.

Peri- and Postoperative Care

Patients remained hospitalized after surgery to closely mon-
itor neurologic function and to provide intensive nursing
care as needed. During this time, crystalloid fluids and
injectable opioids and/or nonsteroid anti-inflammation
pain medications were given. Nasal gastric feeding tubes
were placed in cases of prolonged inappetence. Patients with
decreased mobility were moved and turned every 4 to
6 hours to prevent pressure sores and respiratory problems.
Animals with voluntary urination were carried outside three
to four times daily. Those with impaired bladder function
had a urinary catheter placed or assisted by applying of
gentle pressure three to four times daily.

Complications

Complications were recorded according to the severity de-
fined as “catastrophic” when causing permanent dysfunc-
tion, or were directly relatable to death, or cause for
euthanasia. Major complications were those that required

Table 1 Modified Matthiesen neurological assessment score

Grade Neurological status

0 No spinal hyperesthesia and no
neurological deficits

Hyperesthesia, no neurological deficits

Proprioceptive deficits and/or ataxia

Nonambulatory with purposeful movement

AlW|IN]| =

No purposeful movement with deep
pain sensation

5 Loss of deep pain sensation
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additional medical or surgical treatment to resolve. Minor
complications were those that simply resolved spontaneous-
ly within a short time (e.g., bruising, seroma, minor incision
problems, etc.)."”

Results

The medical records of a total number of 28 dogs and 2 cats
diagnosed with spinal fracture or luxation from 2010 to 2022
were reviewed. All cases were stabilized with SOP plates. Of
these 28 cases, 46.4% (13/28) were male and 53.6% (15/28)
were female. Median body weight of all patients was 10.9 kg
(range: 2.7-37.2 kg), and median body weight of all dogs was
12.1 kg (range: 2.7-37.2 kg). All fractures and luxations were
traumatic, and occurred more frequently in dogs and cats at
younger age (median: 2 years, range: 5 months-14 years).
Motor vehicle accidents accounted for 67.9% (19/28) of
injuries, while animal-related attacks accounted for 21.4%
(6/28), and falling from height accounted for 10.7% (3/28).
The location of the fracture or luxation ranged from T5 to L7.

In total, 82.1% (23/28) underwent bilateral spinal plating
while 17.9% (5/28) underwent unilateral spinal plating
(=Table 2). In cases with unilateral spinal plating (5/28),
the median number of screws cranial to the lesion was 2
(range: 2-3), and the median number of screws caudal to the
lesion was 3 (range: 2-4). In cases with bilateral spinal
plating (23/28), the median number of screws cranial to
the lesion was 4 (range: 2-8), and the median total number of
screws caudal to the lesion with bilateral plating was 4
(range: 2-7).

At presentation, 25% (7/28) patients did not have deep
pain perception. Deep pain perception was regained in 85.7%
(6/7) of these cases at discharge. One case (case 16) was
euthanized due to development of myelomalacia 3 days after
surgery. The follow-up time varied between 2 and 13 weeks.
Two cases (cases 5 and 8) were lost to follow-up after
discharge. The three cases were excluded from the neuro-
logical status statistical analysis. Also, because the outcome
in the two cats (low number, different species) could not be
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Table 2 The SOP locking plate numbers and sizes’ application in 26 dogs and 2 cats
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Size of cases Plate numbers Size of plates
Small dogs <10kg or cat Unilateral (n=4) 2.0 (n=4)

Bilateral (n=10) 2.0 (n=6), 2.7 (n=4)
Medium dogs 11-26 kg Bilateral (n=11) 2.7 (n=7),3.5(n=4)
Large dogs 27-45kg Unilateral (n=1) 3.5(n=1)

Bilateral (n=2) 3.5(n=2)

Abbreviation: SOP, String of Pearls.

compared to the results obtained in dogs, their conditions
were only described but not used in the outcome analysis.
The neurological status at discharge (p <0.05) showed sig-
nificant improvement compared to neurological status at
presentation (=Fig. 3). The mean duration of hospitalization
was 5.9 days (range: 3-11 days).

During peri- and postoperative care, 10 out of 28 cases
needed bladder care initially by a urinary catheter or manual
expression. At the time of discharge, 4 out of 27 cases lacked
voluntary bladder control and needed manual expression. Of
these, three had regained urinary continence at recheck. No
decubitus ulcer or urine scalding was documented in any of
the cases.

Complications were observed in 28.6% (8/28). There was
one catastrophic complication (1/28, 3.6%), one major com-
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Fig. 3 Neurological status assessment. A total of 25 dogs were included.
The Kruskal-Wallis test was utilized to compare the various groups, and
subsequently, Dunn’s post-hoc test was employed for multiple compar-
isons. A p-value of <0.05 was considered significant for all analyses. The box-
and-whisker plots display the median and quartiles. *Significantly different
at p-value <0.05; ns =no significant difference.

plication (1/28, 3.6%), and six minor complications (6/28,
21.4%). The catastrophic complication (case 16) developed
myelomalacia 3 days after surgery and was euthanized. The
major complication (case 7) developed surgical-site infection
(SSI) that needed surgical debridement. Of the minor com-
plications, one developed surgical-site edema (case 8), sur-
gical-site seroma (case 25), screw loosening (case 1, 14, 19),
and surgical-site glial scaring (case 4) that did not require
surgical or medical management. Cases 1 and 14 showed
screw loosening at 6 to 8 weeks post-surgery and case 19
showed screw breakage at 6-week recheck.

Of the two cats in the study, the causes of injury were dog
attack and fall from height and not motor vehicle accident.
Both were assessed as having no deep pain perception prior
to surgery but regained pain perception and motor function
prior to discharge.

Discussion

This case series showed that the use of SOP locking plates is a
method of stabilizing traumatic injury to thoracolumbar
spine in dogs and cats. The patient population in this study
exhibited a similar sex and age distribution as the larger
spinal trauma case series by Bruce et al."® The distribution of
trauma causes was also comparable to previous case series.'®

In our study, 82.1% (23/28) underwent bilateral spinal
plating and the median total screw number was four crani-
ally and caudally to the lesion, respectively. In general, plates
span two vertebrae on each side of the injury.'® Placement of
lateral SOP locking plates on the dorsolateral aspect of the
spine has recently been recommended, with a minimum of
three screws cranial and caudal to the fracture.'® Several
biomechanical studies compared the stiffness of the SOP
locking plate system, PMMA, and the LCP system in
dogs.?%-?? One study evaluated pins and PMMA implants
with bilateral SOP locking plates in lumbosacral fractures
and reported that both groups provided similar stability,
while SOP locking plates have the inherent advantage of
avoiding the thermal injuries and the large implant volume
of PMMA.20

Although no clinical studies have specifically been pub-
lished using unilateral fixation comparing with bilateral
fixation techniques, biomechanical studies have looked at
the unilateral versus bilateral different techniques and stiff-
ness.”! Surgeon choices on specific implant configurations
were considerably subjective. In our study, there were only
three instances of implant loosening at recheck and none of
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these required additional surgical procedures or other inter-
vention therapies. As such, no substantive conclusions could
be drawn associating implant configuration to implant fail-
ure or major complications.

Surgical treatment, in patients with intact nociception, has
resulted in good outcomes for 80 to 90% of dogs and cats with
fractured or luxated vertebrae,>® while the prognosis for
animals that lack deep pain perception is less certain.”> The
importance of nociception as a prognostic factor dictates
careful assessment in spinal fracture patients.® The prognosis
for functional recovery in patients with fractures or luxations
is reported at 12% and may be significantly worse.>> In a
retrospective study evaluating prognosis for dogs with verte-
bral fractures or luxations with absent deep pain in nine dogs
at presentation, two dogs underwent surgery and reported
that none had returned nociception postoperatively.>> Multi-
ple factors, including instability, duration of the clinical signs
before presentation of the patient, and degree of deformation
of the spinal canal, will all be confounding factors. In our study,
25% (7/28) of animals showed no deep pain perception at
presentation. After surgery, 85.7% (6/7) of animals regained
deep pain at discharge and continued improving neurological
function by 3 months. Factors relating to neurological im-
provement were not evident. One factor relating to neurologi-
cal improvement reported by Bull et al was body weight,
where dogs weighing more than 20 kg had a worse outcome
than dogs with less than 20 kg. The weights of dogs in our study
were less, with a median body weight of 12.1 kg (range: 2.7-
37.2kg).%*

Urinary voiding is essential during peri- and postopera-
tive care. In our study, 10 cases lacked voluntary bladder
control at presentation. Of these, eight cases eventually
regained urinary continence along with deep pain sensation
and ambulation at recheck. It is reported that patients who
present with deep pain perception in the pelvic limbs usually
recover urination concomitantly with the return of motor
function, and the prognosis for recovery of urinary conti-
nence is good.?

Specific peri-operative complications of spinal surgery
include hematoma, SSIs, spinal canal violation, nerve root
injury, and progressive myelomalacia.'® Technical complica-
tions are generally secondary to inappropriate implant
placement, movement of the implant, or implant failure.'®2%
Implant-related complications include screw breakage, im-
plant loosening and failure due to inappropriate implant size
or placement, poor bone holding properties, or excess pa-
tient mobility.>® In our study, two cases (case 1 and 14)
showed screw loosening at 6- to 8-week recheck, and one
case (case 19) showed screw breakage at the 6-week recheck.
This might be due to the shearing force between the plate-
bone and the poor screw-bone purchase. All these cases
involved bilateral plating and no clinical signs seemed to be
related to the implants. This might indicate that the bone
healing process and fixation stability were maintained after
the complication occurred.

In our study, a total of 28.6% (8/28) of the cases had
complications but only 2 were considered catastrophic or
major (7.2%) and included myelomalacia and SSI. In humans,
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87% of patients undergoing spinal surgery developed at least
one complication.?’ In veterinary surgery, the postoperative
complication rate has been reported as 10 out of 37 operated
cases.'® In another study, a 30% postoperative complication
rate was reported with 8 dogs and 2 cats using 2-0 UniLock
implants for stabilizing traumatic thoracolumbar instabili-
ty.'2 One study showed no long-term complications in all 10
dogs with congenital thoracic vertebral body malformations
treated with unilateral vertebral distraction and stabilization
with monocortical screws and PMMA. However, no short-
term complications were documented.?® The other study
showed a 33.3% postoperative complication rate in 12 dogs
using screws, pins, and PMMA for atlantoaxial stabiliza-
tion.?? Vallefuoco et al showed a 37.5% short-term compli-
cation rate in eight cats using screws and PMMA for
thoracolumbar vertebral fractures and luxation stabilization,
and no long-term complications were recorded.>® Although
our study showed an overall lower complication rate than
previously published studies, the overall complication rate
for spinal surgery in dogs and cats may vary depending on
the specific procedure performed, the individual patient’s
health status, and the neurological status at presentation.
Therefore, it is important to note that the rate of complica-
tions reported herein may not reflect the overall complica-
tion rate for all types of spinal surgeries in dogs.

SSI is a less common complication in dogs and cats
undergoing spinal surgery.>' In our study, one dog developed
SSI 5 days after surgery, which required surgical debride-
ment and wound drainage. Dyall and Schmokel showed that
the SSI rate in dogs undergoing spinal surgery without the
use of perioperative antibiotics was 0.6%, while the expected
SSlrate in clean operative wounds in dogs and cats was 2.0 to
4.8%3" In our study, the SSI rate of 3.6% (1/28) was signifi-
cantly higher than what was published by Dyall and Schmé-
kel, but still within the published rate for clean procedures in
veterinary medicine.?

The limitations of the study were primarily related to its
retrospective nature, including variations in the documen-
tation of surgery reports, variations in surgeon implant
choices, techniques or case management, and varying fol-
low-up time frames for individual cases. Additionally, the
study was limited by a relatively small sample size. Future
studies with larger sample sizes and a randomized prospec-
tive design should be conducted to address these limitations.

Conclusion

In this retrospective study of 26 dogs and 2 cats, the use of SOP
locking plates for the treatment of spinal fractures or luxations
was evaluated. The findings indicate that the use of SOP locking
plates in traumatic thoracic and lumbar fractures or luxations
in dogs and cats yielded successful stabilization and had a 28%
incidence of complications, which is comparable to those
reported using other methods of spinal transfixation.
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