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Abstract

The objectives of this study were to determine whether thermal quantitative sensory testing (QST)
can be performed in client-owned dogs, is repeatable and whether QST differs between normal
dogs and dogs with hind limb osteoarthritis (OA). This clinical, prospective, observational study
used clinically normal dogs (n = 23) and dogs with OA-associated hind limb pain (n = 9). Thermal
QST was performed in standing dogs using a high-powered light source delivered by a previously
validated system. Dogs were tested on two occasions, 2 weeks apart. Five tests were performed on
each hind limb at each time point. Repeated measures analysis of variance was used to evaluate
the effects of leg, time point and OA/normal status on thermal threshold latencies (TTL).
Additionally, paired t tests were used to compare the TTL of left and right limbs within groups
and between time points.

Thermal thresholds were successfully measured in 32 client-owned dogs without prior training.
TTL were significantly different between normal and OA dogs (P = 0.012). There was no
difference between limbs (P = 0.744) or time periods (P = 0.572), when analyzed by repeated
measures analysis of variance, and no interactions between group and limb, visit and limb, or visit
and group. In conclusion, thermal thresholds can be measured in client owned dogs with no prior
training and are repeatable from week to week. Further data are required to determine if OA
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results in thermal hypoalgesia as measured at the distal hind limb and whether this is an indication
of central sensitization.
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Introduction

Osteoarthritis (OA) of synovial joints is the most common form of degenerative joint disease
(DJD) in all mammals (Wieland et al., 2005), affects approximately 20% of adult dogs
(Johnston, 1997; Johnston et al., 2008; Davies, 2012; Walton et al., 2013), is a chronic
disease and can be associated with pain.

Pain is not only a result of an afferent noxious input, but is also dependent on neuroplasticity
of the nociceptive transmission system (Woolf, 2004, 2011). As a result of nociceptive
afferent input, such as that associated with chronic pain (Kuner, 2010), central sensitization
(CS) results due to neuroplasticity, which in turn leads to altered sensory processing and a
state of facilitated nociceptive transmission (Kuner, 2010; Woolf, 2011). This is thought to
be the mechanism underlying secondary hyperalgesia and allodynia (Kuner, 2010; Woolf,
2011).

Quantitative sensory testing (QST) uses reactions to applied stimuli (such as heat) to test for
altered sensory processing, and therefore, by inference, central changes (Wylde et al.,
2011b; Lascelles, 2013). There is an increasingly large body of work in the literature
showing altered sensory processing in conjunction with chronically painful musculoskeletal
diseases in humans (Bajaj et al., 2001; Imamura et al., 2008; Arendt-Nielsen et al., 2010;
Wylde et al., 2011a; Graven-Nielsen et al., 2012; Suokas et al., 2012). Interestingly, clinical
data in humans show that pain-induced neuroplasticity can result in both facilitated and
decreased sensory processing (hyperalgesia and hypoalgesia, respectively) depending on the
type of stimulus being investigated, on where it is applied, and on what pain condition is
being investigated (Wylde et al., 2011a).

Recently, investigators have used mechanical and cold QST as a putative measure of CS in
dogs with cranial cruciate ligament rupture (Brydges et al., 2012), and mechanical QST as a
measure of sensory function in dogs with acute spinal cord injury (Moore et al., 2013), and
as a measure of CS in dogs undergoing total hip replacement (Tomas et al., in press).
Another form of QST is thermal testing, a semi-quantitative measure of the thermal stimulus
intensity or latency of a fixed intensity, required to activate nociceptors in a particular tissue
and to initiate a response.

Wegner et al. (2008) described a canine nociceptive thermal escape model (Canine Thermal
Escape System or CTES). They tested thermal thresholds in laboratory dogs that were
trained and acclimated to the device for 2 weeks, and evaluated changes in response to
systemically administered analgesics (Wegner et al., 2008). The dogs were restrained in a
fabric sling over the thermal stimulus (halogen light) and the anterior center of the
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metatarsal pad was tested. These investigators presented their acute nociceptive model as a
technique to facilitate quantification of the effects of parenterally and neuraxially
administered analgesics in dogs. Repeatability of the testing apparatus was not evaluated and
measurements were not attempted in client-owned untrained dogs. To date, no studies have
evaluated thermal (hot) QST in client-owned normal dogs or dogs with a naturally occurring
disease, such as OA.

We hypothesized that the CTES could be used to collect QST data (thermal threshold
latencies, TTL) in client-owned dogs and that these data would be repeatable (test—re-test
reliability). Further, we hypothesized that TTL would be significantly different in client-
owned dogs with hind limb OA-associated pain compared to normal dogs.

Materials and methods

Animals

Screening

This study was approved by the Institutional Animal Care and Use Committee (IACUC) of
North Carolina State University (protocol 11-073-0). Owners were required to review and
sign an informed consent form prior to the procedures being undertaken. This process
involved review of a video of the testing procedure being performed on a dog. The IACUC
approved the use of dogs with OA-associated pain. All owners were asked to let study
personnel know if they felt their dog needed treatment at any time during the study, and all
owners were offered a consultation regarding treatment and non-steroidal anti-inflammatory
drug (NSAID) therapy (or another appropriate treatment) at the end of the study period (visit
2).

Thirty-two client-owned dogs, older than 2 years and weighing between 15 and 52 kg were
used. Dogs were recruited into two groups, clinically normal dogs (n = 23) and those with
hind limb OA (n = 9). Dogs were recruited via e-mail and flyers within the veterinary
college community.

Dogs were screened using an orthopedic examination, a clinical metrology instrument
designed to test for OA-associated pain and mobility impairment, and review of their
medical history. Inclusion criteria for normal dogs were that they showed no evidence of
abnormalities on orthopedic examination (no pain, no decreased muscle mass, no
neurological deficits and no joint instability or other pathology), no history of impairment
recognized by owner and were not receiving anti-inflammatory medications. Inclusion
criteria for dogs with hind limb OA were that they had OA-associated pain in at least one
hind limb joint detected on orthopedic examination, no other orthopedic or neurological
abnormalities, a positive medical history of OA in the painful joint, radiographic evidence of
OA in the painful joint, owner-recognized impairment in mobility and had not received any
antiinflammatory medications for 1 month. Additionally, all dogs were required to be free of
concomitant pathology that might impair mobility, for example, hypothyroidism, blindness,
neoplasia, skin disease of the feet, or any other chronically painful disease.
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The Canine Brief Pain Inventory (CBPI) was used to assess OA-related mobility impairment
as assessed by their owners. This assessment was completed at both appointments to ensure
that no significant changes occurred between appointments. Inclusion criteria for normal
dogs were mean CBPI scores <0.75 per question for pain intensity and pain interference
(Brown et al., 2009) and with quality of life scores =4 (very good). Inclusion criteria for OA
dogs were mean CBPI scores >0.75 per question for pain intensity and pain interference
(Brown et al., 2013).

Experimental design

Equipment

All dogs that met the inclusion criteria visited the clinic on two occasions, 2 weeks apart. At
each appointment, dogs underwent thermal QST. This required them to stand on the CTES
device (Wegner et al., 2008) with the hind feet on the glass insert (see below).

Thermal thresholds were measured in minimally restrained standing dogs using the purpose
built thermal stimulus delivering device, the CTES (Fig. 1) purchased from the laboratory
that originally described the system (Wegner et al., 2008). Briefly, this device was
composed of: a 12 V power supply for a halogen stimulus bulb; a 5 V power supply for
electronic circuits; logic circuit boards controlling the timer and movement sensors; bulb
and motion sensors contained in a carriage head; digital timer displaying latency in seconds;
digital multimeter displaying amps, and a glass plate above the bulb and motion sensors.
The glass used was 3.175 mm (0.125 inch) thick standard (i.e. not safety) glass. The device
incorporated an automatic cut-off after 40 s. All components were housed in a purpose made
wooden box. This was incorporated into a custom-made heavy duty shelving system with
the metal struts covered in protective foam. Prior to use, we evaluated the apparatus and
found the glass temperature to be a mean of 54.2 °C and 58.9 °C after 20 and 30 s,
respectively, very similar to the original report describing this apparatus (Wegner et al.,
2008).

Testing procedure

During preliminary testing, the anterior one-third of the metatarsal pad was used as in
previous studies (Wegner et al., 2008). However, in preliminary testing, we found that the
middle of digital pad 111 of the hind appeared to have more consistent contact with the glass
plate and was therefore used for stimulation in the present study.

Dogs were acclimated to the laboratory for 10 min. During this time, dogs were free to roam
and investigate surroundings. Dogs were lead up to and onto the CTES. Dogs either jumped
up onto the CTES or were gently assisted up onto the apparatus. Dogs were minimally
restrained by one investigator (AK) standing on the left side of the dog with one hand gently
placed under the inguinal region, but not supporting any weight, to encourage the dog to stay
standing still. Dogs were required to stand approximately ‘square’ during the testing
procedure (Fig. 1). Gentle repositioning was necessary to ensure that the appropriate hind
limb foot was on the glass plate and in a position where it could be stimulated. The light
source was positioned below the center of digital pad I11 by the same evaluator (MW) on
each occasion, and the stimulus initiated. Termination of the stimulus occurred
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automatically when the foot was lifted or moved off the glass plate. The stimulus was
applied for a maximum of 30 s. The time between stimulus initiation and automatic
termination was called the thermal threshold latency (TTL) and was recorded. This was
repeated five times per hind foot, with 2 min between each test on each hind limb. In
between tests, dogs were free to sit or stay standing on device. The testing protocol was
repeated for each dog 2 weeks later. At each time point, the initial limb tested was randomly
selected using a coin-toss. Tested areas were carefully examined for any evidence of tissue
injury at the second testing time point and owners asked to report any signs following the
second testing.

Outcome measures

The primary outcome measure was TTL (in s). A feasibility score was also recorded for
each dog at the first testing time point to assess the ease with which data were collected. The
feasibility scores assigned were based on a 6-point scale (0-5) as described in Table 1.

Statistical analysis

Results

All data were entered in Microsoft Excel and data analysis was performed using statistical
software (JMP 10 for the Mac; SAS 9.0). Data were tested for normality. Descriptive
statistics were used to describe the normal dogs (control group) and hind limb OA dogs;
appropriate tests (t test, Wilcoxon, chi) were used to compare group characteristics.
Feasibility scores were described and scores in the two groups were compared using a
Fisher’s exact test after grouping the scores into dichotomized variables (easy, difficult).

Significant relationships between potential covariates (age, bodyweight) were explored
using linear regression. Repeated measures analysis of variance was used to evaluate the
effects of leg, time point (appointment 1 or 2), OA/normal status and significant covariates
on TTL. Additionally, as a further test of repeatability, TTL of the left and right limbs were
compared within both groups, for each time point, using a paired t test, and TTL of the left
and right limbs were compared within groups between time points using a paired t test. TTL
data were also averaged across all tests, both legs, for each dog in the normal group and the
agreement was visualized using a Bland—Altman plot. In all tests, P < 0.05 was considered
statistically significant.

The normal dogs (n = 23) were a mean (£SD) of 5.8 (2.5) years old and had a mean
bodyweight of 28.3 (6.0) kg. The OA dogs (n = 9) were a mean 10.7 (3.4) years old, and had
a mean bodyweight of 35.4 (9.0) kg. The median (range) CBPI scores for the normal dogs
were 0 (0-0.5) (pain intensity), 0 (0-0.5) (pain interference) at visit 1; and 0 (0-0.5) (pain
intensity), 0 (0-0.5) (pain interference) at visit 2. The median (range) CBPI scores for the
OA dogs were 2.0 (0.5-5.5) (pain intensity), 1.0 (0.5-7.5) (pain interference) at visit 1; and
2.0 (0.5-3.5) (pain intensity), 2.5 (1.0- 7.5) (pain interference) at visit 2. The OA dogs were
significantly older (P = 0.001) and heavier (P = 0.014). All OA dogs had bilateral hip OA.
Three dogs also had bilateral stifle OA. Pain scores were not different between the left and
right hind limbs in the OA dogs (P = 0.195).
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The overall distribution of feasibility scores (i.e. how easy data were collected) across all
dogs was: score 0, n = 9/32; score 1, n=11/32; score 2, n = 6/32; score 3, n = 2/32; score 4,
n = 4/32; and score 5, n = 0/32. The distribution of scores within normal and hind limb OA
dogs is shown in Table 2. Scores were grouped as easy (0, 1, 2) or difficult (3, 4, 5) and no
difference between normal and OA groups was detected (P = 0.314).

Overall effects

Thermal threshold latency was not significantly correlated with bodyweight (r2 = 0.056; P =
0.194) or age (r2 = 0.087; P = 0.109). In the repeated measures analysis of variance, TTL
was significantly different between normal and OA dogs (P = 0.012), with TTL being longer
in dogs with hind limb OA. There was no difference between limbs (P = 0.744) or time
periods (P = 0.572), and no interactions between group and limb, visit and limb, or visit and
group.

Repeatability (test-re-test reliability)

In the normal dogs, there was no difference between the right and left hind limbs at the first
visit (P = 0.403) or second visit (P = 0.093), or between the first and second visit for the
right hind (P = 0.989 or left hind (P = 0.878). Average hind limb TTL for the first and
second visits was not significantly different (P = 0.935). Thermal threshold latency values
are shown in Tables 3 and 4.

In the OA dogs, there was no difference between the right and left hind limbs at the first
visit (P = 0.213) or second visit (P = 0.975), or between the first and second visit for the
right hind (P = 0.870). However, the TTL were significantly different for the left hind limb
between the first and second visit (P = 0.0473). Average hind limb TTL for the first and
second visits was not significantly different (P = 0.428). TTL values are shown in Tables 3
and 4. Contemporaneous notes indicated that the dogs with OA appeared to be less willing
to stand on the device for the duration of the testing; however, this was not scored. All dogs
were carefully examined for any evidence of tissue injury at the second visit and none was
seen. No owners reported any problems following the second visit and testing.

TL was averaged between both hind limbs in the normal dogs, and a Bland—Altman plot of
the difference in values at the two time points against the mean of the two time points was
constructed (Fig. 2). This plot shows that the difference in the TTL between the two testing
time points lay within the 95% confidence limits for each dog except one, showing overall
good agreement. Additionally, this plot suggests that as TTL increases, agreement between
time points appears to be slightly less good (spread of points increases as TTL increases).

Discussion

Based on the data collected from these 32 dogs, use of the CTES was feasible in client-
owned normal dogs and dogs with hind limb OA, without prior training. The QST and TTL
measured with this device were repeatable (from week to week) and reliable (right and left
hind limbs comparisons) in the normal and OA dogs. Significant differences were seen
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between normal and OA dogs, with TTL in the OA dogs being higher, suggesting thermal
hypoalgesia as measured by a noxious hot thermal stimulus.

Although not directly supported by the data, it seemed to be more difficult to gather data
from dogs with hind limb OA compared to the normal dogs. We found that the dogs with
OA appeared to be less willing to stand on the device for the duration of the testing. This
may be due to several factors, including joint pain or decreased muscle mass that may
contribute to a decreased willingness to stand on the device for the duration required.
Although this did not affect feasibility scores, we caution that this may limit the utility of the
CTES when testing dogs with painful OA. A further observation was that many of the dogs
did not seem to like the slickness of the glass and tried to avoid standing with their feet on
the glass.

In contrast to previous reports, the third digital pad was used instead of the metatarsal pad,
as the third digital pad seemed to have better contact with the glass surface. This may result
in variation in TTL between studies if different areas of the foot are used as stimulation
point.

Our findings of good test-re-test repeatability mirrors work in healthy adults and those with
OA (Geber et al., 2011; Moloney et al., 2011). However, a recent study (Wylde et al.,
2011b) highlighted the variability in thermal QST in comparison to mechanical QST, and a
systematic review clearly shows considerable variability in the reliability of thermal QST
parameters across studies due to methodology, equipment and testing site (Moloney et al.,
2012). Such work emphasizes the importance of careful evaluation of test—re-test
repeatability, and careful documentation of the methods, as a basis for work aimed at
evaluating changes due to disease or treatment. It should be noted that although we found
good test— re-test repeatability, it was only over a 2-week period and further work should
evaluate repeatability over longer time periods. Thermal threshold testing of both the left
and right limbs is rarely performed in studies with humans and comparisons are also not
reported (Sarlani et al., 2003; Wylde et al., 2011b). The most comprehensive work in this
respect has been done with mechanical stimuli, and this work showed no significant right—
left differences in normal subjects (Rolke et al., 2005). However, Sarlani et al. (2003) did
find thermal sensitivity differences between the dominant and subdominant hand, and it is
known that dogs appear to have ‘dominant limbs’ (Colborne et al., 2011), suggesting that
further work should evaluate left-right differences in more detail.

Thermal hypoalgesia was detected in this cohort of dogs with hind limb OA. The rationale
for performing these studies was that it is a method to detect altered sensory processing
(central sensitization) in dogs suffering from chronic pain (Woolf, 2011; Lascelles, 2013).
As such, one might assume that thermal hyperalgesia would be seen (decreased latency to
reaction compared to normal dogs). In humans with OA, contradictory findings of
hypoanesthesia alongside hyperalgesia have been seen across various QST modalities
(Wylde et al., 2011a). In our current study, we evaluated thermal (hot) QST and our
assumption is that this relates to ‘hot pain thresholds’ measured in humans (Kosek and
Ordeberg, 2000; Wylde et al., 2011a,b). However, our testing paradigm may also be more
akin to “‘heat detection’ thresholds in people. Additionally, we tested an area of the body
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remote from the painful joint, but on the same limb. Studies in humans vary from testing the
local area, or area of most intense pain around a joint, to remote areas (but often on a
different limb, such as the forearm in patients with knee OA) (Wylde et al., 2011a). All
these variations in methodology affect thermal thresholds and make direct comparison
between results in dogs and humans difficult.

Thermal detection hypoalgesia was found in OA patients tested at the index joint (knee), but
not at the forearm in one study (Wylde et al., 2011a). However, in the same study there was
no difference in hot pain thresholds between OA patients and healthy participants at either
the knee or forearm (Wylde et al., 2011a). This is in contrast to another study, using patients
with hip OA, that found thermal hyperalgesia (to innocuous warmth) in the hip area
bilaterally, and a tendency towards bilateral thermal hyperalgesia to hot pain thresholds in
the hip area (Kosek and Ordeberg, 2000).

We recruited dogs with OA that were not currently receiving analgesics and this may have
biased our recruitment towards less severely affected OA cases, as shown when comparing
the CBPI scores against those of other studies (Brown et al., 2008, 2013). This may have
influenced thermal QST values and further work should evaluate the relationship between
QST values and severity of disease.

Further work is required to determine if thermal QST values are different in dogs with OA
compared to normal dogs. Despite the lack of correlation of thermal thresholds with
bodyweight or age, an age- and weight-matched control group and increased numbers of
dogs with hind limb OA are needed to before strong conclusions can be made. Evaluating
additional QST modalities would help establish which stimuli, if any, are more sensitive in
detecting central sensitization. However, such work needs to be performed together with
‘gold standard’ methods for detecting central sensitization. Short of removing the spinal
cord and performing neurobiological analysis, the best method may be using nociceptive
withdrawal reflexes measured using electromyographic apparatus (Bergadano et al., 2006;
Courtney et al., 2009).

Conclusions

Thermal QST can be measured in client-owned dogs with no training, and values are
repeatable and reliable from week to week over a 2-week period in both hind limbs. Further
data are required to determine if OA results in remote thermal hypoalgesia as suggested in
this study.
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Fig. 1.

Dgg shown standing on the Canine Thermal Escape System (CTES). This was a client-
owned dog that had not seen the CTES previously. The CTES used for thermal quantitative
sensory testing (QST) is housed in a purpose made wooden box. This is incorporated into a
heavy-duty metal shelving system with the metal struts covered in protective foam. Dogs
stand on the top surface, which is covered in rubber matting except for the area of glass that
covers the area containing the halogen bulb. During testing, one individual is positioned in
front of the dog or to the left side, gently dissuading the dog from moving. The other
individual is kneelt on the floor, operating the arm connected to the carriage head with the
halogen light source in it and positioning it under the paw. Positioning was facilitated by
observing the reflection in the mirror attached to the carriage head.
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Fig. 2.

Bland-Altman plot of difference between thermal threshold latency (TTL) between
appointments (Appt.) 1 and 2 (2 weeks apart) and the average of the TTL for appointments 1
and 2, for normal dogs.
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Table 1

Feasibility scoring rubric for evaluation of the ease with which thermal quantitative sensory testing (QST) data
could be collected from an individual dog.

Feasibility score

Description

0 No problem
1 Mild difficulty
2 Moderate difficulty

3 Significant difficulty

4 Extreme difficulty

5 Impossible

Minimum restraint needed; excellent cooperation; clear reaction to stimuli
Mild restraint needed; good cooperation; clear reaction to stimuli

Moderate restraint needed; good cooperation >50% of the time; mild sensitivity of feet being touched; mild
variation in reaction to stimuli

Significant restraint needed and resisted lateral recumbency; good cooperation <25% of the time; moderate
sensitivity to feet being touched; moderate variation in reaction to stimuli

Constant restraint required; not cooperative; unclear reaction to stimuli, not confident in data collected

Could not collect data due to the dogs disposition and/or lack of confidence in the reactions seen being due to the
stimulus
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