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1 | INTRODUCTION

Background: Cavalier King Charles Spaniels (CKCS) suffer pain associated with Chiari-like mal-
formation and syringomyelia (CMSM). People suffer from a similar condition and describe
numerous sensory abnormalities. Sensory changes have not been quantified in affected CKCS.
Objectives: To use quantitative sensory testing (QST) to quantify thermal and mechanical
thresholds in CKCS and to compare QST in dogs with and without syringomyelia (SM).

Animals: Forty-four CKCS.

Methods: Prospective study. Dogs underwent neurological examinations and craniocervical
magnetic resonance imaging (MRI). Thermal testing was performed over the humerus and thorax
(n = 32); mechanical testing was performed on the paw and neck (n = 44). Latencies, thresholds,
and response rates were compared with presence and severity of SM on MRI, presence of pain
reported by the owner and pain identified on examination.

Results: Thirty dogs had SM, 30 were painful on examination, 29 were owner-reported symp-
tomatic. Thermal and mechanical variables were not significantly different based on presence or
severity of SM. Dogs with pain on examination had decreased mechanical thresholds on the
paw (0.38 kg, SD = 0.18) and neck (2.05 kg, SD = 0.74) compared to thresholds of dogs without
pain on examination on the paw (0.60 kg, SD = 0.30) and neck (2.72 kg, SD = 0.57; P = .021).
Conclusions and Clinical Importance: Mechanical and thermal sensitivity does not appear to be
related to the presence of SM, but mechanical sensitivity appears to be related to the presence
of pain and clinical signs. Mechanical testing may be useful for assessing sensory abnormalities

during clinical trials.
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must rely on owner observations and physical examination findings to

assess the efficacy of treatments, and frequently a mismatch is pre-

Pain syndromes in dogs are challenging to identify and manage

because of the difficulty of inferring behaviors in dogs. Veterinarians

Abbreviations: CKCS, Cavalier King Charles Spaniels; CM, Chiari-like malforma-
tion; CM1, Chiari-type 1 malformation; CSF, cerebrospinal fluid; MRI, magnetic
resonance imaging; NCSU, North Carolina University; QST, quantitative sensory
testing; SM, syringomyelia

sent in these observations. Specifically, Chiari-like malformation and
syringomyelia (CMSM) is a disease complex that causes a neuropathic
pain syndrome in Cavalier King Charles Spaniels (CKCS). This condi-
tion arises from a congenital malformation that results in a relatively
small caudal fossa with respect to the brain causing crowding of the

cerebellum and brainstem.}™” Many CKCS with CM also develop

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes. © 2018 The Authors. Journal of Veterinary Internal Medicine published
by Wiley Periodicals, Inc. on behalf of the American College of Veterinary Internal Medicine.

J Vet Intern Med. 2018;32:2021-2028.

wileyonlinelibrary.com/journal/jvim | 2021


https://orcid.org/0000-0002-2950-9009
https://orcid.org/0000-0003-1349-3484
mailto:njolby@ncsu.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/jvim

2022 | Journal of Veterinary Internal Medicine AC\%‘/l M

SPARKS ET AL.

Open Access,

College of
Vet edicine

syrinxes within the spinal cord (syringomyelia, SM) because of disrup-
tion of cerebrospinal fluid (CSF) flow. Commonly, owners of affected
CKCS report signs of phantom scratching, crying out in pain, rubbing
of the face and ears, pain on defecation, reluctance to play, collar sen-
sitivity, and aversion to being touched on the head,® and these signs
are thought to result from SM disrupting sensory pathways.” 1!

Chiari-type 1 malformation (CM1) in humans is similar to CMSM
in CKCS and involves descent of the cerebellum and brainstem
through the foramen magnum. Chiari-type 1 malformation in humans
also is commonly associated with the development of SM, with an
estimated 65%-80% of patients developing both conditions.??*3
People with CM1 describe a wide range of signs including numbness,
neck pain, headaches, memory loss, aphasia, and even depression.**
Pain and sensory deficits in human CM1 patients have been quanti-
fied using thermal and mechanical sensory testing, and patient drawn
pain maps.}**” Thermohypoesthesia and decreased sensory percep-
tion are common findings in people with CM1 and SM,%*° but the
presence of pain in human patients clearly indicates that sensory
changes can involve both gain as well as loss of function. Although
the majority of outcome assessments in people with neuropathic pain
rely on the patient's description of sensations based on questionnaires
or phone call follow-ups, the use of quantitative sensory testing
(QST; thermal and mechanical) has been validated using test-retest
and interobserver reliability.*® Furthermore, 1 study indicated that the
duration of sensory deficits quantified by QST before surgery was the
best predictor of surgical outcome in patients with SM.*®

Treatment options for dogs with CMSM focus on pain manage-
ment, controlling CSF production, and surgical decompression of the
caudal fossa. Frequently, these options fail to completely alleviate
signs of scratching and pain in these dogs. A major challenge in deter-
mining whether treatment options are successful is the difficulty in
documenting and quantifying neuropathic pain in these dogs. Ques-
tionnaire tools completed by owners have been developed,®1?-2% but
more objective quantification using QST is lacking. Thermal and
mechanical testing has been shown to be reliable and discriminatory
in dogs with other pain disorders.22-2° Our main objective was to use
thermal and mechanical stimuli to quantify sensory thresholds in a
cohort of CKCS and to compare sensory thresholds in dogs with and
without SM. We hypothesized that CKCS affected with SM would
exhibit decreased thermal latencies and mechanical thresholds as

compared to dogs without SM.

2 | MATERIALS AND METHODS

2.1 | Dogs and pain phenotyping

Client-owned CKCS were prospectively recruited, both clinically
affected and unaffected dogs, to North Carolina State University
(NCSU) Veterinary Hospital. Dogs were required to be 215 months of
age, purebred, and healthy enough to undergo anesthesia for MRI.
Health status was based on laboratory findings (CBC and serum
biochemistry profile) performed within 2 weeks of anesthesia and a
physical examination performed on the day of anesthesia; skin

was examined carefully for evidence of primary skin disease as an

explanation for scratching. A neurological examination also was per-
formed, and the presence and location of pain elicited by spinal palpa-
tion was recorded as well as any scratching. Pain on neurological
examination was defined as the presence of avoidance behavior or
vocalization upon palpation of the neck and back. Any patient with a
comorbidity (owner-reported, discovered upon physical examination,
or previously noted in patient records) that potentially could cause
pain unrelated to CMSM (eg, osteoarthritis) was excluded from the
study. Owners completed previously developed questionnaires to
determine affected status.® All procedures were approved by NCSU
Animal Use and Care Committee (IACUC protocol number 15-003-0)

and owners signed informed consent forms.

2.2 | Quantitative sensory testing

All testing was performed in the same location. Dogs were introduced
to the testing room and habituated to the handlers for 10 minutes
before starting testing. Behavioral responses were defined before
testing and animals were lightly restrained by a handler during testing
in a way that did not hinder the dog's ability to react to the applied
stimulus. Each dog was allowed to remain in a comfortable position
(sitting or lying down) to minimize movement and avoid misidentifica-
tion of behavioral responses. The same investigator (Courtney Sparks)
applied the stimuli, recorded latencies and thresholds for all dogs, and
was blinded to questionnaire information and MRI results that were
performed before testing.

Owners were asked to withhold 2 consecutive doses of pain med-
ications before testing, but owner refusal based on severity of clinical
signs was noted and did not result in exclusion. Latencies to heat and
cold were tested using a handheld thermal probe (NTE-2A, Physitemp
instruments) with a 13 mm diameter surface (Figure 1) set at 46°C
and 6°C. Hair was clipped, creating a skin testing area approximately
15 mm in diameter at each site before testing and baseline skin tem-
perature was recorded. A rest period (5-7 minutes) was allotted after
hair clipping and the probe (with cover) was placed on the testing sites
to allow for acclimation before applying temperature. Thermal sensory
testing was performed laterally on the fore limb at the mid humeral
level (called humerus) and lateral thorax bilaterally for each dog
(Figure 1). For each timed trial, the probe was applied directly to the
skin and held in place until the dog exhibited a response or a maxi-
mum of 30 or 60 seconds was reached for heat and cold, respectively.
Behaviors that reflected conscious perception of the stimulus were
deemed responses and included vocalization, head turning toward the
probe, and escape behavior. If the maximum time was reached with-
out a response, the trial was recorded as no response. Each trial was
performed in triplicate separated by 1 minute intervals at every loca-
tion. The pattern of testing was consistent for all dogs beginning with
heat applied sequentially to the right humerus, right thorax, left
humerus, and left thorax and followed by cold application in the same
fashion. Latency was recorded as the duration, in seconds, it took the
dog to respond during the timed trial and reported for each site by cal-
culating the average of the triplicate testing and the response rate for
each site (the percentage of trials in which the dog responded within

the time limit) also was recorded.
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(A

FIGURE 1 Quantitative sensory testing instruments and locations;
(A) handheld Physitemp thermal probe used for heat and cold testing;
(B) hemostratic forceps with a digital load cell used for mechanical
testing. Thumb pressure was applied over the central button of the
load cell; (C) testing locations for thermal (black squares) and
mechanical testing (black stars)

Custom hemostatic forceps equipped with a digital load cell were
used for quantification of mechanical thresholds® (Figure 1). Testing
was performed on the lateral digit of the front paws (the forceps were
placed over the toe applying pressure to all tissues) and on the neck
(skin was tented and grasped with the forceps), bilaterally. For the
neck testing location, the skin was gently grasped, tented, and held
steadily until the dogs remained still before introducing the mechani-
cal stimulus. As pressure was applied to the load cell of the forceps,
measurements were taken at a rate of 66 Hz and recorded with
LoadVue software (Windows, ver. 3.0, Loadstar Sensors, Mountain
View, California). Pressure was applied at a consistent rate of increase
until a response was elicited or until a maximum force was reached
(4 kg). The threshold was defined as the amount of force (kg) required
to elicit a response (eg, vocalization, escape behavior). The pattern of
testing was the same for each dog with the following sequence: right
paw, right neck, left paw, and left neck. All dogs were assigned feasi-
bility scores based on behavior and ease of testing, and scores ranged

from O (no difficulties) to 5 (impossible).

2.3 | Magnetic resonance imaging protocol

All dogs underwent MRI of the brain and cervical spinal cord using a
1.5 Tesla unit (Siemens Medical Solutions USA, Inc, Malvern, Pennsyl-
vania). Anesthesia was induced using fentanyl (4 pg/kg IV, West-Ward
Pharmaceuticals, Cherry Hill, New Jersey) as a premedication followed
by propofol (4-6 mg/kg IV, Zoetis, Parsippany, New Jersey). Dogs

were maintained under anesthesia using an inhaled isoflurane (Piramal

Ve
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edicine

Enterprise Limited, Mumbai, India) and oxygen mixture. Dogs were
positioned in ventral recumbency with their necks extended during
the MRI. Acquired sequences included T2-weighted and proton
density (PD) sagittal images, T2-weighted and PD transverse images

of the cervical and cranial thoracic spine and brain.

24 |

Images in a Digital Imaging and Communications format were

Magnetic resonance imaging assessment

analyzed using Horos Medical Imaging Software (Open Source
software, https://www.horosproject.org/). Analysis was performed at
least 3 months after the MRI was obtained, and sensory threshold
data were not reviewed at the time of image analysis. All assessments
were performed by 1 investigator (Courtney Sparks) and periodic
checks on consistency were performed for 10% of cases by another
author (Sofia Cerda-Gonzalez). A categorical assessment was done to
determine the presence or absence of syrinx (defined as linear T2
hyperintensity on sagittal images >2 mm in diameter). The maximum
syrinx diameter was measured on transverse images. The presence of
CM was determined by evidence of cerebellar indentation, impaction,

or herniation through the foramen magnum on sagittal images.

2.5 | Statistical analysis

All analyses were performed using JMP software (JMP Pro 12.2.0,
SAS Version 9.4, Cary, North Carolina). Summary statistics were gen-
erated on the presence of SM, maximum SM diameter, presence of
owner-reported signs, bilateral thermal latencies and mechanical
thresholds, and response rates at each site tested. A Shapiro-Wilk test
was used to assess normality of continuous data. Mean and SD
calculations were reported for normally distributed data. Otherwise,
median and range were reported. The relationship between sensory
thresholds (latencies and response rates) and the presence (catego-
rized as yes or no) and severity of SM (quantified by maximum SM
diameter) was examined. In addition, latencies and response rates
were compared with owner-reported signs, (symptomatic versus
asymptomatic), and the presence of pain on neurological examination
(yes or no). Wilcoxon rank sum tests were used when latencies and
thresholds were compared with categorical data. Linear regression
was used to model the relationship between continuous variables. All
binary categorical data were compared using contingency tables and
chi-square tests for association with Fisher's exact tests used when
there were <5 observations in a category. The Benjamini-Hochberg
procedure was used to correct for multiple comparisons. A P value of

<.05 was considered statistically significant.

3 | RESULTS

Fifty-six dogs were enrolled. Owner participation was voluntary, and
therefore, the population was not considered random. The age range
of dogs included in the study was 15 months to 11 years. There were
12 females, 16 spayed females, 8 males, and 20 neutered males. One
patient had an adverse skin reaction during thermal testing (hyper-

emia) and was removed from the study. Another patient was removed
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from analysis because of the discovery of a brain tumor on MRI. Nine
of 56 dogs (16%) were imaged before involvement in the study and
digital copies were provided by the owners. Magnetic resonance
imaging studies performed at other hospitals were assessed for image
quality and adequate sequences before enrollment. Two of 9 dogs
imaged before enrollment were removed from analysis because their
diagnosis status (no SM) was determined >6 months before sensory
testing and therefore could not be confirmed at the time of testing.
Another 3 dogs were removed because of difficulty in performing
QST (high feasibility scores) or the presence of osteoarthritis. The
remaining 4 had been imaged a median of 26 months (range,
6-32 months) before QST. A feasibility score >3 (low feasibility) when
performing QST resulted in exclusion from the study (n = 5 dogs;
score 3 = 3 dogs, score 4 = 2 dogs, and score 5 = 0). One dog was
excluded because of an orthopedic comorbidity and another dog was
removed because the MRI was performed before caudal fossa decom-
pression surgery and therefore diagnosis status of SM could not be
confirmed at the time of sensory testing. Failure of owner compliance
to return for sensory testing after MRI resulted in removal of 1 patient,
leaving the total number of dogs analyzed at 44. The thermal probe
failed toward the end of the study and therefore 32 dogs were tested
using temperature whereas all 44 underwent mechanical testing.
Fourteen dogs were on medications at the time of enrollment and
7 owners complied by withholding 2 doses of medications before test-
ing but 2 owners administered medications the night before but not
the morning of, and 5 owners gave medications the morning of test-
ing. Medications included gabapentin (n = 9), omeprazole (n = 9), tra-
madol (n = 4), nonsteroidal anti-inflammatory drugs (n = 3), and
pregabalin (n = 1). Seven dogs were receiving a combination of medi-
cations at the time of enrollment. The remaining 30 dogs were

untreated at the time of testing.

3.1 | Pain phenotype

Owners reported 29/44 dogs as symptomatic, all 29/44 with scratch-
ing and 24/44 also showing signs of pain. Pain was present on neuro-
logical examination in 30 dogs, 22 of which were reported as

symptomatic by the owners.

3.2 | Magnetic resonance imaging findings

All dogs had CM; 30/44 dogs had SM. The maximum syrinx diameter
ranged from O to 9.5 mm (median, 4.2 mm). Syringomyelia was
present in 22 of the 29 owner-reported symptomatic dogs and in
8 owner-reported asymptomatic dogs and in 22 of 30 dogs with pain
on neurological examination and in 8 of 14 with no pain on neurologi-
cal examination. Cohort characteristics of dogs with and without SM

are provided in Table 1.

TABLE1 Cohort characteristics of dogs with and without SM

3.3 | Sensory thresholds

Thermal latencies were measured in 32 dogs and 44 dogs underwent
mechanical testing. Feasibility scores are reported in Table 2. All
modalities were assessed for normality. The neck mechanical thresh-
olds and heat thermal latencies were normally distributed. The laten-
cies for heat for the entire cohort of dogs averaged 17.0 seconds (SD,
7.5 seconds) at the humerus and 17.3 seconds (SD, 7.5 seconds) at
the thorax. For cold, the latencies ranged from 0.49 to 52.3 seconds
(median, 19.3 seconds) and 0.64 to 60 seconds (median, 29.0 seconds)
for the humerus and thorax, respectively. The median response rate
out of 3 trials for heat was 71% (range, 8.33%-100%) and for cold was
83.33% (range, 8.33%-100%). Response rates for each thermal testing
location are shown in Supporting Information Table 1. The thresholds
for mechanical testing averaged 2.26 kg (SD, 0.75 kg) for the neck and
ranged from 0.13 to 1.44 kg (median, 0.4 kg) for the lateral digit of the
paw. All dogs responded to mechanical testing on the paw and 94%
(83/88, total of left and right sides) responded on the neck.

No relationship was found between thermal or mechanical vari-
ables and the presence or severity of SM (Figure 2, P > .05, data for
severity not shown). Dogs differentiated by pain on neurological
examination had similar thermal variables as did dogs without pain,
but they had significantly decreased thresholds to mechanical testing
on the paw (p,q; = 0.021) and neck (p,q; = 0.021; Figure 3). Thermal
latencies and response rates were not different in dogs that were
owner-reported symptomatic or not (Figure 4, P > .05). However,
symptomatic dogs had decreased mechanical thresholds on the paw
(praw = 0.022; p,g; = 0.13) and neck (praw = 0.042; p,q; = 0.13) com-
pared to asymptomatic dogs, but the relationship disappeared after

adjusting for multiple comparisons (Figure 4).

4 | DISCUSSION

In our study, we performed QST using mechanical (n = 44) and ther-
mal (n = 32, hot and cold) stimuli in a cohort of CKCS. Currently, no
information is available on quantified sensory dysfunction comparing
CKCS with and without CMSM. Our results showed no significant dif-
ference in latencies, thresholds or response rates, thermal or mechani-
cal, in dogs with and without SM or in dogs that were owner-reported
symptomatic versus asymptomatic but did show a correlation of
mechanical thresholds to neurological examination findings.
Quantitative sensory testing has been used extensively in human
CM1 patients and the results display a complicated mix of paresthe-
sias, anesthesia, and allodynia. In 1 study, CM1 patients described an
increase in number and area of painful sites on pain drawings but also
experienced thermohypoesthesia of the face and body.'” Another
study found that both SM and CM1 patients had anesthesia to heat

No SM (n = 14) SM (n = 30) P value
Age (years) (median, range) 4,1-8 4,1-11 499
Sex (M, MN, F, FS) 3,6,4,1 4,9,6,11 226
Owner-reported symptomatic (n, %) 7, 50% 22,73% 177
Pain on neurologic examination (n, %) 8,57% 22,73% 316
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TABLE2 Number of dogs assigned to each feasibility score for dogs with SM and no SM

Feasibility score

0

(No difficulty)
Syringomyelia (n = 30) 14
No syringomyelia (n = 14) 5

and cold as well as vibration deficits that were of greater magnitude in
the CM1 patients.?®> An important distinction regarding the use of
QST in people and dogs is the interpretation of the response. In
humans, detection thresholds for the stimulus and the pain threshold
for the same stimulus can be differentiated clearly by the subject. This
is much more difficult to do in dogs. The behaviors we used to deter-
mine threshold were more likely to represent a response to a noxious
stimulus but could simply mean the stimulus was perceived. All dogs
were tested in the same way and we have not attempted to differenti-
ate between perception and noxious thresholds.

The behaviors reported by owners of dogs with CMSM suggest
that the dogs could be more sensitive to stimuli. However, the possi-
bility that they have hypoesthesia (decreased sensitivity) is much
harder to determine from their behavior. Furthermore, it may be the
case that some dogs show decreased sensitivity whereas others show
increased sensitivity or perhaps within a dog there may be bidirec-
tional sensory changes (thermohypoesthesia and mechanical hyperal-
gesia) as seen in human medical literature. These complexities could
explain the lack of associations found in our study. Indeed, the diffi-
culty in interpreting behavioral responses both makes it challenging to
understand the pathophysiology of the disease and to assess the effi-
cacy of therapies for this disease. Currently, the use of owner assess-
ments, collecting a detailed history, and physical and neurological
examinations are used to monitor CKCS with CMSM. We attempted

(A) (B)4
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FIGURE2 Box-plots showing thermal latencies (A) and mechanical
thresholds (B) in dogs with and without syringomyelia. For thermal
testing, every location is displayed as an average of left and right sides
and triplicate trials per dog. For mechanical testing, left and right sides
were averaged and every dog was tested once per location. The
bottom and top of the boxes are the first and third quartiles, the line
inside the box is the second quartile (median), the ends of the
whiskers represent the lowest data within 1.5 x IQR of the lower
quartile and the highest data within 1.5 x IQR of upper quartile. Dots
represent outliers

1 2
(Mild difficulty) (Moderate difficulty)
12 4
6 3

to collect QST data as a continuous measure of sensory dysfunction
to complement our current, broader scales for pain.
Quantitative sensory testing has been used in dogs including stud-

27,28

ies in research colonies of beagles as well as client-owned healthy

dogs®! and in those with osteoarthritis?>2’ 24,32

and spinal cord injury.
Various QST modalities (thermal and mechanical) have been employed
in previous work. Mechanical stimuli include touch, pressure, and vibra-
tion, and the information is transmitted through mechanoreceptors in
the skin and travels along myelinated axons through the dorsal column-
medial lemniscal pathway. Commonly, von Frey filaments have been

used in humans with SM>1¢

and in various studies of pain in
dogs.23257293233 The use of von Frey mechanical testing has been
found to be feasible and reliable®*%3 and in 1 study identified different
thresholds in normal dogs compared to dogs with acute spinal cord
injury.3? However, a lack of association between normal dogs and dogs
with chronic pain also has been noted using von Frey techniques.?®
Additionally, vibration testing is used in humans with SM?> and neuro-
pathic pain, as another form of mechanical stimulation.>* No data have
been reported on vibration testing in dogs and this approach may be
considered for future work. In our study, mechanical testing was per-
formed using specialized calibrated hemostatic forceps used in our lab-
oratory previously.?* These forceps were developed to evaluate skin
sensation after the administration of peripheral nerve blocks.%° This
method was chosen based on ease of use at novel testing sites in the
neck. A drawback of this technique, as for any mechanical testing tech-

nique, is variability in rate of application of pressure delivered by the
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€0 Pain °
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FIGURE 3 Box-plot showing thermal latencies (A) and mechanical
thresholds (B) in dogs differentiated by pain on neurological
examination. For thermal testing, every location is displayed as an
average of left and right sides and triplicate trials per dog. For
mechanical testing, left and right sides were averaged and every dog
was tested once per location. Refer to Figure 2 legend for a
description of the box-plot construct. * Indicates P < .05
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FIGURE4 Box-plot showing thermal latencies (A) and mechanical
thresholds (B) in dogs that were owner-reported symptomatic or
asymptomatic. For thermal testing, every location is displayed as an
average of left and right sides and triplicate trials per dog. For
mechanical testing, left and right sides were averaged and every dog
was tested once per location. Refer to Figure 2 legend for a
description of the box-plot construct

user. To address this problem, the investigator performing the sensory
testing practiced delivering a continuous, increasing force while observ-
ing the force recorded on the accompanying software.

15-17,35 and

Thermal testing also has been used in humans
dogs?®7262? to evaluate neuropathic and chronic pain. Temperature and
pain stimuli are carried by nonmyelinated C fibers through the spinotha-
lamic pathway. A lightbox model (Canine Thermal Escape Model) has
been used that allows latency to heat to be quantified by measuring the
time taken for a dog to move its paw away from a light beam directed
at the ventral surface of the paw.?° Given our desire to test specific der-
matome regions, the thermal probe allowed testing of regions pertinent
to CKCS with CMSM. Previously established temperatures and maxi-
mum duration for testing was determined by 1 of the authors (Duncan
Lascelles). Using these methods, we were able to minimize skin irrita-
tion, with only 1 dog exhibiting sensitivity to the thermal probe.

Adapting previously described protocols, testing locations for
each sensory modality were selected based on clinical signs of CMSM
in dogs, neuroanatomy of sensory dermatomes and feasibility in pet
dogs. The locations tested were determined by extensive trial and
error during development of the protocols and were based on the
ability to gather reliable data. Human CM1 patients describe sensory
abnormalities affecting the upper extremities and head and neck
region. Most commonly, owners of affected CKCS report signs in simi-
lar areas including the shoulder, head, and neck regions. Furthermore,
CKCS with SM frequently have both cervical and thoracic involve-
ment. Given this information, our testing sites (neck, humerus, and
thorax) were located in dermatomes associated with syrinx location.
Despite our carefully devised protocol, we found no association
between SM and sensory dysfunction. Clearly, SM location along the
spinal cord could impact the distribution of hyperesthesia or
hypoesthesia, and perhaps sensory testing should be tailored for each
individual dog. Because the location of SM can differ among dogs, it is

difficult to generate a feasible, reliable sensory testing protocol

suitable for all CKCS with SM. Nonetheless, these findings are in
agreement with our detailed questionnaire analysis of owner-reported
signs in CKCS in the same population of dogs, where it was concluded
that the presence of scratching and pain per owner were not associ-
ated with SM.2

The lack of association between SM and sensory dysfunction may
highlight the difficulty in deciphering canine behavior using these pro-
tocols. Nonetheless, our feasibility scores demonstrated testing was
performed with no difficulty or mild difficulty in 76% of the dogs
tested. Poor feasibility scores were rare (n = 5) and were attributed to
external distractions, anxiety, or reluctance to be restrained. Another
potential pitfall of this work was the number of dogs on medications
during the trial. Owners were asked to withdraw medications before
testing, but some owners were reluctant to do so because of the
severity of their dogs' signs. All of these dogs were reported to be
symptomatic while on their medications, but the analgesic drugs they
were receiving could have altered the results of the QST. In addition,
because of our small sample size (n = 44 for mechanical, n = 32 for
thermal) with only 14 CKCS without SM, we may not have had ade-
quate study power to detect differences among groups. We anticipate
that these data can be used in future studies to estimate appropriate
group sizes. Lastly, we recognize that hyperesthesia could have been
caused by coat clipping before thermal testing in some dogs, poten-
tially increasing variability in thermal latencies. Although this lack of
association is contrary to previous studies demonstrating a strong
relationship between SM and pain, 13437 there have been reports of
asymptomatic CKCS with SM and CKCS displaying classical clinical
signs without SM.82%383% |n our study, we had 7 symptomatic dogs
without SM and 8 asymptomatic dogs with SM.

Despite the aforementioned pitfalls, we did see a correlation
between the presence of pain on neurological examination and
decreased mechanical thresholds. Furthermore, neck mechanical test-
ing data were evenly distributed in a population of dogs displaying a
wide range of clinical signs. In this manner, the mechanical thresholds
determined using our methodology (instrumented forceps) appear to
be capturing owner and clinician observations of signs in a more quan-
titative fashion. These findings may be somewhat limited by individual
dog personality type. It is possible that some dogs were more likely to
respond to both neck palpation and mechanical thresholds because of
distinct personality characteristics rather than sensory abnormalities.

In summary, the purpose of our study was to quantify sensory
thresholds in a cohort of CKCS with and without SM. We found no
correlation between sensory thresholds (quantified by mechanical
thresholds, thermal latencies and mechanical and thermal response
rates) and SM. However, the presence or absence of pain on neuro-
logical examination did correlate with mechanical thresholds. These
tools may be useful for assessing sensory changes in a clinical trial set-
ting. Because of the inconsistencies between the presence and sever-
ity of SM and QST data, the relationship between SM and clinical

signs deserves further examination.
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