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Feasibility and reliability of electrical, mechanical
and thermal nociceptive testing and assessment of
diffuse noxious inhibitory control in dogs

This article was published in the following Dove Press journal:
Journal of Pain Research

Héléne LM Ruel'? Purpose: Quantitative sensory testing has been used to assess the somatosensory system. This
Ryota Woatanabe'? study aimed to evaluate the feasibility and reliability of electrical (ENT), mechanical (MNT)
Marina C Evangelista'? and thermal (TNT) nociceptive testing and the effect of a conditioning stimulus on MNT.

Guy Beaucham P3 Patients and methods: Sixteen healthy client-owned dogs were included in this study. Stimu-

Paulo V Steagall 1,2 lation was applied bilaterally to the dorsal and plantar aspect of the metacarpus and metatarsus

respectively, using transcutaneous electrical stimulator, algometry and a cold nociceptive device
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increased MNT (P=0.049). Inter-observer reliability was 91.4% (ENT) and 60.9% (MNT).
False-positive responses were 15% (ENT) and 35.7% (TNT).

Conclusion: ENT was feasible, repeatable and superior to MNT and TNT. The assessment of
the diffuse noxious inhibitory control with a conditioning stimulus showed promising results
in dogs. These tools could be used in naturally-occurring disease to provide insight on their
underlying mechanisms and therapeutics.
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Introduction

Cutaneous sensations such as pain, temperature and touch are conveyed by three
ascending pathways that are part of the somatosensory system in dogs, namely the
spinothalamic, the spinocervicothalamic and the dorsal column postsynaptic tracts.'
The somatosensory system is involved in the transmission of sensory stimuli from
peripheral receptors to the cerebral cortex. Quantitative sensory testing (QST) has
been used to characterize sensory nerve dysfunction and to assess the somatosensory
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electrical [ENT]) to determine nociceptive thresholds.

These results have been used to predict response to therapy as part of personalized or
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it has been studied and validated in dogs and cats with osteo-
arthritis** and in dogs with thoracolumbar disc herniation.®
These studies concluded that QST is useful and feasible;>*
however, there is a lack of strong inter- and intra-observer
reliability. Test-retest reliability has been evaluated in dogs
with osteoarthritis and showed great individual variability
over time.’ In addition, sham-testing is important to exclude
potential false-positive responses in any nociceptive threshold
testing. To the authors’ knowledge, the latter has not been
described for different QST modalities in dogs.

The aim of this study was to evaluate the feasibility and
repeatability of electrical, thermal (cold) and mechanical
nociceptive stimulation in healthy dogs, including sham-
testing, for the first two modalities. In addition, the ability of a
conditioning stimulus to assess the diffuse noxious inhibitory
control (DNIC) using MNTs was tested. The hypothesis of
this study was that electrical, thermal and mechanical noci-
ceptive stimulation would be feasible with good intra- and
inter-reliability in healthy dogs. The authors speculated that
the conditioning stimulus would significantly increase MNT.

Materials and methods

This study was approved by the Animal Care Committee of
the Faculty of Veterinary Medicine, Université de Montréal
(16-Rech-1835), according to the Canadian Council of Ani-
mal Care guidelines. The study was performed at the Centre
Hospitalier Universitaire Vétérinaire between October and
December 2016.

Animals

Sixteen healthy client-owned dogs were recruited in a
prospective, blinded, randomized clinical trial after obtain-
ing owner’s written consent. Patients were included if they
were considered healthy based on physical, orthopedic and
neurological examinations performed by the same observer
(HLMR). Inclusion criteria included age (1-9 years old) and
body weight (=5 kg). Exclusion criteria included pregnancy,
lactation, aggression, anxiety, systemic disease (including
obesity; body condition score >7/9), previous history of
cancer/tumor removal, pacemaker placement, signs of pain
or administration of analgesics 30 days prior to recruitment.
Owners were asked to fill out a questionnaire to rule out issues
with quality of life and chronic pain (Canine Brief Pain Inven-
tory [CBPI])."” Additionally, two observers assessed each dog
separately and filled out the short-form Glasgow Composite
Pain Measure Scale (CPMS-SF)!! before the experiments had
begun. A total CPMS-SF score above the analgesic interven-
tion score (6/24)!" was considered as an exclusion criterion.

Dogs were admitted in the morning before the experiments
and housed individually in kennels. Bedding and water ad
libitum were provided.

Observers

Two veterinarians (observers; Obs, and Obs,) were involved
with QST in this study. These observers were responsible for
identifying the behavioral response to nociceptive stimuli and
for the application of mechanical nociceptive stimulation. They
were not aware of stimuli intensity during testing. A third veteri-
narian who was not blinded to stimuli intensity was responsible
for controlling thermal and electrical nociceptive stimulation
(including sham-testing), randomization and compilation of
results. This individual was also responsible for terminating the
stimuli once cut-off was reached, or when a behavioral nocicep-
tive response was identified by the first two observers. Both
observers were unaware of randomization for sham-testing.

Quantitative sensory testing

QST was performed in the morning (first period) and
repeated 5 hours later (second period) to evaluate intra- and
inter-observer reliability of each nociceptive testing. Dogs
were acclimated to the testing room for 10 minutes prior to
the experimentation and had free access to water. Stimuli
were applied on the dorsal aspect of the metacarpus and
the plantar aspect of the metatarsus above the plantar pad
bilaterally after clipping. These sites correspond to consistent
autonomous zone of the radial and tibial nerve, respectively.'
Each observer repeated each QST modality twice (replicates)
within the same period (60 seconds apart) for all limbs. The
sequence of nociceptive testing, the order of the observers
and the side (left or right) to be stimulated were randomized
according to a random permutation generator (www.random-
ization.com). The latter was also used to randomly allocate
the sham over the two periods (first or second period) of
measurements for each observer. Dogs were kept in either a
semi-sternal position or lateral recumbency over a mat during
experiments to minimize handling.

Endpoints during nociceptive stimulation were character-
ized by behavioral responses including voluntary movement
of the limb away from the probe, looking at the probe, vocal-
ization or when a cut-off was reached.” Rhythmic muscle
contractions, withdrawal reflexes, or movement of a non-
stimulated limb were not considered as positive responses.
The following modalities of QST were used in this study:

a. Transcutaneous electrical nerve stimulator (TENS) for
testing ENT — two self-adhesive electrodes (Dura-stick®
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round 1.25”, Chattanooga, Guildford, Surrey, UK) using
a thin layer of conductivity gel were placed on the skin at
the site of stimulation and secured in place with medical
tape. The mode (VMS™) was selected and delivered
a symmetrical biphasic waveform with a 100 psec
interphase. Settings were then adjusted to a CC mode
using a frequency of 200 Hz, phase duration 20 psec
and ramp 0 seconds (Intelect® Vet two channel combo
unit, Chattanooga, Guildford, Surrey, UK). The current
was increased gradually until a nociceptive behavioral
response was observed, or until the cut-off of 150 mA
was reached. Sham-testing was performed by falsely
turning the knob without increasing the current. Sham-
stimulation was stopped when a nociceptive response
was detected by the observers or after 2 minutes.

b. TNT — a thermal probe (NTE-2A, Physitemp Instru-
ments Inc., Clifton NJ, USA) was applied perpendicular
to the surface of the skin at a temperature of 25°C. The
temperature was then decreased to 0°C so that the probe
temperature gradually decreased to 0°C. The tempera-
ture at which the dog responded to cold stimulation was
recorded. If no response was observed, the test was stopped
when the probe temperature reached 0°C to avoid tissue
damage. Sham-testing was performed by disconnecting
the probe from the controller so that it remained at room
temperature.

c. MNT testing — MNT was tested using a commercial
algometer (Bioseb, Vitrolles, France). An increasing
pressure was applied with a flat tip (diameter of 3.5
mm) perpendicular to the surface of the skin until a
response was observed (MNT) or a cut-off pressure of
20 Newtons (N) N reached. This device did not allow
sham-testing.

d. Assessment of DNIC — the endogenous pain inhibitory
pathway was tested by comparing MNT (test stimulus)
before (recorded during MNT testing as above) and after
the application of a conditioning stimulus. Similarly to a
technique previously described in human medicine, a
neonatal blood pressure cuff was placed over the thoracic
limb to be tested and inflated up to 200 mmHg for 60 sec-
onds. The pressure was released and MNT was recorded
3 minutes later. This test was not randomly allocated and
was performed last in all dogs to avoid interference with
other nociceptive testing. The order of the thoracic limb
tested (left or right) was randomized and one limb was
tested in the first period whereas the contralateral limb
was tested in the second period.

Feasibility

Each QST measurement was evaluated for feasibility using
a scale from 0 to 2 as similarly described.” A score of 0 was
given when there was a lack of cooperation or when the
observer lack confidence in the data collected. A score of
2 corresponded to a combination of a clear response to the
stimulus and strong confidence in the data collected. The
score of 1 was given when the response was fairly clear or,
when the observer was not entirely sure that the response
corresponded to the stimulus.

Statistical analysis

Data analyses were performed using SAS (version 9.3; SAS
Institute, Cary, NC, USA). Feasibility was expressed as a
percentage corresponding to the number of measurements
with scores 1 and 2, divided by the total number of measure-
ments (excluding sham-testing) for each nociceptive testing.
Nociceptive thresholds were expressed as mean + SD (scores
1 or 2 for both limbs and observers). Cut-off values were
included in the statistical analysis when nociceptive behav-
ioral responses were not observed during stimulation. The
scores 1 and 2 for feasibility and reliability were analyzed
together while scores 0 were excluded from further analysis.
Intra- and inter-observer reliability and replicate repeatability
were calculated using an intra-class correlation coefficient.
Replicate repeatability was calculated using data from the
first period of measurements. These results were expressed
as ranges. For inter-observer reliability, results of all limbs
for both periods (first and second set of measurements; 5
hours apart) were pooled together for each observer. A linear
model for repeated measures with limb as a within-subject
factor was used to test the effect of limbs (thoracic vs pelvic)
on ENT and MNT; results for both observers and periods
(first and second set of measurements; 5 hours apart) were
pooled together. A linear model for repeated measures with
observer, time (before vs after conditioning stimulus) and
site of stimulation (left thoracic limb vs right thoracic limb)
as within-subject factors was used to analyze the effect of
the conditioning stimulus on MNT. This model was repeated
using scores 2, as only one measure was taken for this test
after the conditioning stimulus. For all comparisons, P<0.05
was considered to be statistically significant.

Results

Animals
Sixteen healthy client-owned dogs (six males and ten
females) were included. Mean * SD (range) for age and
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body weight was 4.842.1 years (2-9 years) and 32+16.7 kg
(5.5-65.5 kg), respectively. The cumulative score for the
severity domain and the interference domain of the CBPI
was 0 for all dogs. The part “overall impression” of the CBPI
ranged from excellent (n=14) to very good (n=2). The scores
for CPMS-SF ranged from 0 to 2.

Feasibility
Minimal restraint was required to perform QST. In one
case, the second set of measurements for MNT could not be

performed because the dog became restless. Feasibility was
99% for ENT, 93.5% for MNT and 93.6% for TNT.

QST

Mean + SD for all limbs, observers and periods was 48.0+22.6
mA for ENT; 11.9£3.5 N for MNT and 8.5°C+2.2°C for TNT
(with exclusion of scores 0 and those cases where cut-off
was reached for TNT without a behavioral response). Data
for both observers and periods are presented in Table 1.
Data could not be analyzed for TNT because results were
inconsistent among dogs and many dogs did not respond
to cold stimulation. MNT was significantly higher for the
thoracic when compared with the pelvic limb (P=0.002)
(thoracic limb: 12.643.6 Newtons (N); pelvic limb: 11.3£3.6
N), but there was no effect on site of stimulation for ENT.
Sham-testing showed that 15% and 35.7% of ENT and TNT,
respectively, were false-positive responses.

The conditioning stimulus was not significant (P=0.15)
when first assessed using both scores 1 and 2. Values were sig-
nificantly higher when the left thoracic limb was tested when
compared with the contralateral limb (left, . : 13.334.1 N;
left | : 14.6+4.3 N; right, . . 12.1£4 N; right . _: 12.5+4.8
N) (P=0.04), but not between the two observers (P=0.14).
A significant difference was recorded when data were ana-
lyzed using scores 2 only (before stimulus: 12+4.7 N; after
stimulus: 14.314.2 N) (P=0.049).

Intra-observer reliability

Intra-observer reliability for each limb ranged from 20.4%—
70.4% for Obs, and from 14.1%-56.4% for Obs, using ENT,
and 0%—71.5% for Obs, and 39.9%-82.9% for Obs, using
MNT.

Replicate repeatability

The replicate repeatability for each limb ranged from
56.1%-93.7% for Obs, and from 29.6%-86.8% for Obs,
using ENT, and 26.8%-70.4% for Obs, and 48.8%-88.4%
for Obs, using MNT.

Inter-observer reliability
Inter-observer reliability was 91.4% for ENT and 60.9%
for MNT.

Discussion

This study provides new insights on QST in healthy dogs.
Information on ENT, MNT, TNT and the ability of a condi-
tioning stimulus to assess the endogenous DNIC is reported
as a new modality of QST in this species. The percentage
of false-positives via sham-testing was also shown for ENT
and TNT in addition to feasibility and reliability, and the
replicate repeatability of each modality. Unlike previous
studies, a score was attributed to each single measurement
and feasibility was excellent'* for all modalities, which con-
firm that QST is practical and attainable even in untrained
client-owned dogs.

The application of a conditioning stimulus increased
MNT when only scores 2 were considered for analysis.
Similar observations have been reported in monkeys,'
rats'®!7 and cats.'® The assessment of DNIC is a relatively
new QST modality in veterinary medicine.”” Briefly, the
DNICs are evoked by a painful stimulus and are responsible
for the immediate and transient increase of nociceptive
thresholds.!%* The conditioning stimulus is commonly

Table | Mean + SD for electrical and mechanical nociceptive thresholds for thoracic and pelvic limbs using data from observers and

period

Nociceptive First period Second period

stimulus Thoracic limb Pelvic limb Thoracic limb Pelvic limb

ENT (mA) Obs, 51.1430.2 47.61£30.8 43.3121.1 44.8+20.9
Obs, 55.4+30.5 43.1124.4 49.0+23.8 46.0127.2

MNT (N) Obs, 12.0+4.7 10.3£3.6 10.2£3.2 10.3+4.6
Obs, 14.6+3.8 12445 12.9+4.7 11.9+4.2

Notes: First period, morning; second period, afternoon.

Abbreviations: ENT, electrical nociceptive threshold; mA, milliamps; MNT, mechanical nociceptive threshold; N, newton; Obs‘, observer |; Obsz, observer 2.

submit your manuscript

2494

Dove

Journal of Pain Research 2018:11


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Quantitative sensory testing in dogs

applied in a remote location from the testing site and pro-
duces inhibitory responses at spinal and supraspinal levels.
Therefore, changes in thresholds (ie, increased MNT in this
study) are normally observed using a remote body location
where stimulus is not applied (ie, contralateral limb). On the
other hand, an ipsilateral conditioning stimulus (applied at a
suprasegmental location in relation to where the test stimulus
was conducted) was preferred in this study so patients would
not have to be moved from one decubitus to the other. A
previous study showed that the DNIC can be activated by the
application of a conditioning stimulus both from a remote
location on the contralateral or ipsilateral side,?! therefore our
results are valid independent of the testing site.

Current recommendations on conditioned pain modula-
tion testing state that the test stimulus should be performed
shortly after the conditioning stimulus.”? MNT was measured
3 minutes after the conditioning stimulus to allow restoration
of blood flow and normalization of skin temperature. It was
judged to be sufficient to assess the DNIC and consequent
changes in MNT. This study showed that the use of a con-
ditioning stimulus and MNT are valuable in the assessment
of DNIC as a novel QST modality in veterinary medicine.
Future studies should be designed to identify the role of DNIC
testing in dogs with osteoarthritis and neuropathic pain and
in the study of underlying pain mechanisms and therapeutics.

Cold sensory testing (TNT) has been reported to have
a low rate of responders following a stimulus at a fixed
temperature of 0°C.” This study showed that using a ramped
thermal nociceptive stimulus increased this response rate of
healthy dogs. For comparison, the response rate obtained in
the present study (all scores included) was 25.6% and 21.1%
in the first and second period respectively, whereas the afore-
mentioned study reported a response rate of 13.2% at the level
of the plantar metatarsal region.” This difference could also
be explained by the fact that the testing sites were clipped
in the present study, whereas authors applied the probe on
unclipped areas in the previous study.” Nevertheless, the
response rate is overall low with a high percentage of false-
positive responses for TNT (35.7%). The effect of observer,
testing site or reliability could not be tested for TNT due
to missing data and inconsistent response among subjects.
Both observers provided lower scores during measurement
which could show that behavioral changes associated with
cold sensory testing are subtle and might require a complex
learning curve. Another challenge in TNT testing was related
to the device used. Decreases in probe temperature were faster
than usually described in cold nociceptive testing in humans.?
Slower changes in temperature ramping (1°C/second) could
have improved the response rate and provided more robust

results for this modality since the rate of temperature changes
affects sensory thresholds in humans.?

TENS has been used in conscious®? healthy dogs.
However, the modality is not commonly used in QST, which
makes data comparison with other studies difficult. Different
waveforms were applied in previous studies even when using
similar testing sites and current frequencies.?® The VMS™
mode was used in this study and is characterized by short
pulse duration that is designed to be more comfortable to
the patient and suitable for application of high intensities. A
gradual increase in current every 2 seconds was safe and well
tolerated with excellent inter-observer reliability. Feasibility
was excellent and superior to MNT and TNT. Additionally,
stimulation requires minimal restraint and stress to the
patient, and consistent behavior responses can be observed
from a distance. Sham-testing revealed low false-positive
responses associated with this modality. However, replicate
effect was moderate and intra-observer repeatability was
poor. This could suggest that individual variability can be
commonly observed with TENS for ENT testing.

MNT values were consistent with findings using similar
protocols and device.”?” It has been shown that body weight
influences MNT which could explain why higher nociceptive
thresholds were recorded with this modality when compared
with a previous study.” However, feasibility was greater than
previously reported,” which could be related to the observ-
ers’ ability to interpret behavioral changes associated with
stimulation. Overall the technique was easy to perform and
well-tolerated with moderate inter-observer reliability, which
is consistent with other studies.®”*’?¢ Additionally, MNT was
significantly higher on the first set of measurements when
compared to subsequent periods in a different study.® The
present study does not corroborate this finding. However,
intra-observer repeatability and replicate effect for MNT was
observer-dependent and one could simply hypothesize that
Obs, was more consistent with measurements than Obs, in
this study. A statistical difference was found between thoracic
and pelvic limbs thresholds but the magnitude of the differ-
ence was small. It was most likely due to technique-related
variability and further studies are required to evaluate the
possible clinical relevance of this finding.

Conclusion

This study provides additional information on QST in dogs
using ENT, MNT and TNT. The use of a conditioning stimu-
lus to assess the endogenous DNIC has also been reported
with interesting results for future reference. Sham-testing
allowed the assessment of false-positive responses with ENT
and TNT. The study of QST using similar settings, modalities
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and laboratory conditions in dogs with naturally-occurring
disease is warranted. It could provide valuable insight on the
study of underlying mechanisms of disease and therapeutics.
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