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Abstract

Objectives The objective of this work was to review the sdienarticles on the use of
nociceptive threshold testing (NTT) in cats, and semmarise the clinical and

experimental applications in this species.

Databases used Pertinent literature was searched with PubMed, @soWeb of
Science, Universitatsbibliothek Basel (swissbib éd¥ern) and Google Scholar. The
search was then refined manually based first oitlartitles and abstracts, and

subsequently on full texts.

Conclusions Of the four classical acute nociceptive models UsedNTT, thermal and
mechanical are most commonly used in cats. Thestialulation is applicable in
experimental settings and has been used in phadyaamics studies assessing feline
antinociception. Although mechanical stimulationcigrently less used in cats, in the
future it might play a role in the evaluation ofnatal feline pain. However, the low
response-reliability after stimulus repetition viitta narrow time interval represents a
major limitation for the clinical use of mechanitatesholds (MT) in this species.
Challenges remain when thermal thresholds (TT) ased to investigate
analgesics that have the potential to affect skimpterature, such as opioids and alpha
2-adrenergic agonists, and when a model of inflatorgapain is reproduced in

experimental cats with the purpose of evaluating\NIS as analgesics.

Keywords feline, mechanical and thermal thresholds, notieepnodel, nociceptive

threshold testing, pain
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Introduction

Nociceptive threshold testing (NTT) makes use bfaad range of stimulation methods
to assess and quantify nociceptive function angamse. Most protocols described in
cats have been developed for cutaneous applicasformechanical and thermal
stimulation. However, mechanical NTT has also bseccessfully applied to hollow
viscera (Briggs et al. 1998).

Regardless of the type of stimulation used in tkgeemental setting, a realistic
reproduction of clinical pain is probably impossilib achieve. Although characterised
by a number of different features, a common denatomof clinical pain is its
complexity and the diversity of the nociceptorsalvwed where mechanical, thermal and
chemical stimuli may all contribute to the actioati of afferent pathways during
postoperative surgical pain.

Nociception and pain are considered distinct preegsNociception begins with
the detection of injurious stimuli by a class o&ejalised receptors, with transmission
of that information to the spinal cord and on upthe brain. This may result in a
defensive, immediate reflex response (Sneddon, 204V reflexes, including those
associated with nociception, are organised by esn#éit the lower hierarchy of the
central nervous system; they can be elicited ineddwated animals and are
characterised by either autonomic or basic motsparses, including increased heart
rate, withdrawal and muscular contractions (Woodw@& Sherrington 1904; Sneddon
2017). Complex behaviours, in response to noxiotisu#i, can also include
conditioned motor responses, usually as a resudavhing (Le Bars et al. 2001). Pain
is a negative affective and psychological resparse is often accompanied by more
complex or prolonged behavioural alterations intiMeaof discomfort, such as distrust

of objects associated
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with painful experiences and/or modification of imb®ehaviour. Nociception may not
result in pain, because of the ability of the calntiervous system to modify nociceptive
signals and prevent conscious perception of noxatinsuli, and pain can occur without
nociception in the presence of central sensitisatitowever, pain resulting from injury
cannot occur without nociception (Sneddon 2017).

There is a huge body of literature on NTT in rodehibwever these animals are
often genetically very similar, leading to minimadriance in the detected thresholds.
Cats used in research are, by comparison, much geretically diverse and so it is
expected that there will be greater variance in @syed population. There are many
reports focusing on the application of NTT to cafder reports were aimed at
investigating particular aspects of the afferentcicgptive organisation, or at
establishing patterns to relate the neurophysiolgactivity of the sensory system to
behavioural responses indicative of nociceptionckBet al. 1974; Casey & Morrow
1983). In contrast, more recent work has primdabused on the pharmacodynamics of
analgesic drugs in cats, with the purpose of ifgng useful doses, routes of
administration, onset times and duration of thea# (Millette et al. 2008; Pypendop et
al. 2009; Ambros & Duke 2013).

When performing NTT testing it is important for teemulus to be applied at a
rate that will allow for conduction and interpresait of the stimulus. If the increase in
stimulus strength is very rapid it might reach awessively high level before the
animal has had a chance to respond. It is also riapothat the approach can detect
hyperalgesia as well as analgesia. In tests tretaisncy to the response, a very short

latency will not likely allow for the detection biyperalgesia.
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The objective of this work is to review the use dneé clinical and experimental
applications of NTT in cats, with particular focas acute nociceptive models, and on

the literature of the past 20 years.

Databases used and literature search

A literature search was conducted using PubMed, p@&so Web of Science,
Universitatsbibliothek Basel (swissbib Basel Beanyl Google Scholar. The keywords
sets used for the initial screening were the foilawy ‘nociceptive threshold testing +
cats/feline’, ‘quantitative sensory testing/QST + atstfeline’,
‘mechanical/thermal/electrical thresholds + catsiée, ‘mechanical/thermal/electrical
nociceptive  model/antinociception +  cats/feline’, antinociceptive/analgesic
effects/efficacy + cats/feline’, and ‘antinociceftianalgesic pharmacodynamics +
cats/feline’.

The search was refined based first on articlestitled abstracts, and subsequently
on full texts of the selected scientific reporthheTreference list of each retrieved
scientific paper was then scrutinised to identifitlier pieces of literature pertaining to
the topic. All the identified scientific peer-rewearticles written in the English
language and pertaining to the topic were includetie study. Related anaesthesia and
neurophysiology textbooks were also reviewed.

The refined search identified 51 articles publisthetdween 1983 and 2019. Of
these, nine were on the use of mechanical thresh@WT) (of which six were
experimental and three were clinical studies), 8deemental studies were on the use
of TTs, and eight on the use of both mechanical Bhsl (of which one was a clinical

report and the remaining seven were experimenidiest).
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Mechanical stimulation
Mechanical stimulation has been used in cats tit efiostly somatic, but also visceral
nociception, in both experimental and clinical isgf$. Visceral nociception has been
experimentally induced by inflating balloon cathsteserted into the rectum (Sawyer
& Rech 1987 Briggs et al. 1998). Somatic nociception is indueed assessed by
applying a force to a given area of the body. Fasodefined as the push or pull on an
object that causes it to change velocity; pressu@ measure of force per unit area.
Therefore, for the outcome values to be comparabkleveen devices that measure
different variables, the surface area of the pmobest be known, and recognised as part
of the applied stimulus. A nociceptive thresholddefined, depending on the device
used, as either the pressure (expressed in mmHdheoforce (expressed in g or
Newtons) reached when the stimulus is intense dntwuglicit a behavioural, conscious
response in the cat, which is subjectively deteealifby the operator. Ideally, the
stimulating probe should be applied perpendicudahe test site in order to ensure that
the measured force has been wholly applied to tha af interest. There should be
minimal distensible tissue so that the mechanitaelwdus is not spread over a large
surface area or that the stretching tissue atteauhe force applied. Mechanical stimuli
are usually applied progressively and incrementatil a cut-off value is reached; the
speed of increased force is variable and, for maalgameters, is operator dependent.
Both sharp-ended pins and flat-ended/blunt prolaee bheen used in animals (Moens et
al. 2003; Haussler & Erb 2006; Machin et al. 2019).

It is commonly accepted that the elicited behawouepresent supraspinal
responses to activation of nociceptors locatechengkin, muscles and periosteum (Le
Bars et al. 2001). Both myelinated Abres, with intermediate conduction speeds, and

small, unmyelinated, slow-conducting C fibres axpexted to be activated primarily,
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but conventional noxious mechanical stimuli do podbduce selective activation of
these nerve types (Le Bars et al. 2001). In sorbgsis/patients, activation of the AR
fibres, in response to touch and pressure, may uffecisnt to evoke behavioural
responses that could easily be misinterpretedgas sif nociception. This is more likely
in the case of algometers that are applied intéentiyy than those that maintain contact
with the skin where the AR} stimulation would be oing. As a result, one disadvantage
of intermittently applied mechanical stimulatioraipotential lack of specificity.

Several instruments have been specifically develofme perform mechanical
stimulation in cats (Table 1). Slingsby and collesgy designed a finger-mounted
algometer (Slingsby et al. 2001). The probe wasemaida Force-Sensing Resistor
(FSR), a thick polymer film, which exhibits a pregsive decrease in resistance with
increasing force applied to its surface. The 15 thameter-probe was soldered to a
ribbon cable, connected to a battery powered mesgsunit, calibrated with an accurate
load beam and mounted on the index finger of thexaipr. The outcome force resulting
from the application of the probe on the skin @& tat was expressed in Newtons. This
device was subsequently used to evaluate the amalgdfect of post-operative
meperidine in male cats undergoing castration, @amdanother clinical study
investigating NSAID associated analgesia in 40 femaats undergoing
ovariohysterectomy (OVH) (Slingsby & Waterman-Pear2000; Slingsby et al. 2001).
Changes in MTs measured at the scrotum before #ed surgery differentiated
between meperidine and the negative control graupnale cats. In female cats,
thresholds measured at the surgical wound follow@gH were lower than those
measured before surgery. The authors did not Btatequickly the force was applied in
either study and did not describe how or whereptiobe was applied in the OVH study

(Slingsby & Waterman-Pearson 2000; Slingsby e2@01).
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Another pressure testing device for use in catsdeagyned in 2007 by Dixon and
colleagues (Dixon et al. 2007) and subsequentlyufisatured by Topcat Metrology Ltd
(UK), marketed under the trade name “ProD-Plus’e @evice was composed of a 5 g
plastic bracelet, inside which the authors mouradalood pressure bladder and three
brass pins, each tipped with a 2.4 mm diameterldeating, distributed 10 mm apart in
a triangular pattern to apply a perpendicular pnesso the limb. For this device, the
outcome was bladder pressure expressed in mmHg.céhid not be translated into the
force acting on the skin because neither the targact area nor the actual pressure
applied to each pin was known. The bracelet wasiegppn one forearm and bladder
pressure was increased incrementally and measurdd avstrain gauge pressure
transducer; the threshold pressure was recordedrdéssing the hold button on the
voltmeter when the cat reacted to the stimulus \{tiltage was directly proportional to
the pressure). The authors found that, whilst tmeesholds varied a lot between
different cats (68 to 202 mmHg in six cats), thaddk within each cat were consistent.
This pressure algometer was used by the same authevaluate the analgesic efficacy
of subcutaneous butorphanol (0.4 mg‘kgnd carprofen (4 mg Ky. The NSAID was
tested in a second phase of the trial, after kaat#@s injected intradermally in the
forearm to produce a model of inflammatory pain.that study, the comparison
between MTs measured before and after the adnatimtr of the opioid detected
butorphanol antinociception. Excessively varialileesholds were obtained with the
inflammatory model making this approach ineffectifée authors concluded that the
device was light and easy to use and allowed th& toaremain unrestrained during
testing. The repeatability of the thresholds wassatered acceptable by the authors,
who concluded that the algometer could be usedratgesic pharmacologic studies in

cats (Dixon et al. 2007). However, the same astleveloped and tested the device,
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which may have resulted in a certain degree of, la#though the device has been
further modified and used by others who have comEit its utility (Steagall et al. 2007,
Millette et al. 2008; Slingsby et al. 2012).

Mechanical thresholds have also been used in aatstudy experimentally
induced visceral nociception (Sawyer & Rech 198vyer et al. 1993). A subsequent
study (Briggs et al. 1998) investigated the anatgesffect of oxymorphone,
butorphanol and acepromazine, alone and in combmatising this model. A silastic
balloon catheter, inserted into the rectum and eotad via a rubber tube to a plastic
jug was pressurised to selected incremental vdire80-second periods. A positive
result was considered when an undefined behavioespbnse was evoked. The authors
interspersed lower pressures to prevent conditiptinthe increasing pressures used.
Although the model has been successfully used isesaMuir & Robertson 1985) and
found robust and reliable in rodents (Jones e2@04; Arvidsson et al. 2006; Nissen et
al. 2018), its validity for investigating coloretteoxious distension was questioned by a
more recent study in horses (Sanchez et al. 200&) physical properties of the balloon
are relevant and materials with linear compliarste&h as mylar, should be selected
over latex in order to ensure proper pressure egiin to the colorectal wall (Sanchez
et al. 2005). Another drawback of this model isttitamay fail to differentiate
behavioural responses caused by nociception frosetbaused by an urge to defecate.

More recent studies used precision pressure algometuch as the Electronic
von Frey Anaesthesiometer (EVF) and the Small Ahii&Ometer (SMALGO). The
former represents the electronic version of the Fogy filaments and has been used
most recently to assess acute and chronic pairogs énd cats (Adami et al. 2018;
Addison & Clements 2017). The EVF uses a sensaopeequipped with a rigid tip

applying a force varying from 0 to 1000 g, whichmeasured, displayed and stored by
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the control unit. The SMALGO has been specificalveloped for laboratory rodents

and shares the same working principle as the EMweer, it has a finger-mounted

sensor probe whose applicable force ranges from 0500 g. With both devices, a

progressively increasing force is applied by therafor over the targeted area, until an
end-point behavioural response is observed. Althdhg stimulus is generally applied

over an undefined time-period, most authors seittafif pressure/force value to avoid

latrogenic injury.

Addison and Clements (2017) found that use of la¢hvon Frey filaments and
the EVF, applied to the metacarpal/metatarsal passess paw withdrawal thresholds,
resulted in differentiation between healthy catd #rmose with osteoarthritis (Addison
and Clements 2017). Another recent study evalu#itedinter-rater and inter-device
reliability of TTs measured with both the EVF am tSMALGO in non-painful cats
(Adami et al. 2018). The authors found that thdabdity of the measurements
decreased after repetition within time-intervalersér than one hour, indicating that the
level of cooperation of feline patients may deceeasfter repeated testing or,
alternatively, that the cats may anticipate thenslus in order to end it. Similarly,
learning and stimulus anticipation, resulting ircidased TTs have been described in
dogs using algometry (Coleman et al. 2014). In lzerostudy, the SMALGO, applied to
the skin of the upper lip, dorsal to the end of¢haine root, was evaluated in cats with
chronic gingivostomatitis, as compared to a healtloyptrol group (Machin et al.
2019b). Although the authors found a low inter-otase and intra-observer variability,
the study failed to differentiate between healthgl diseased cats. Moreover, there was
no correlation between the scores of the chromigigostomatitis scale, used by the

authors to score the severity of the oral lesiansl, the thresholds measured in diseased
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cats. Overall, these findings suggested that mechlarsensory testing with the
SMALGO is not a reliable method to evaluate chraa pain in cats.

A final study compared the use of the EVF and voeyHilaments at different
anatomical sites of non-painful cats (Machin et 2019a). The authors found a
moderate agreement between the two devices, asseddy the intra-class correlation
coefficient of 0.49 (CI=0.13-0.70); however, thellwgness of the cats to cooperate
decreased with the repetition of the measuremdtds 24 hours. This drawback may
limit the applicability of mechanical NTT in theimical setting, where repeated testing
may be needed to adjust the analgesic therapy ¢b thne patient’s requirement. Despite
its limitations, it is worth considering that onetential advantage of the mechanical
NTT over thermal, electrical and chemical techngjogay be that the use of pressure
thresholds is often perceived, by both cliniciangl @at owners, as less invasive and
harmful than other types of stimuli. This aspectynmalow and encourage the
development of protocols to increase the clinaggblication of TT testing, for routine
assessment of pain in cats.

At the date of writing, although inter-observer ighility appears to be minimal
for non-repeated TT measurements, there is stiduidence that, in cats, the thresholds
consistently correlate with the severity of thenidal condition that causes pain, or with
the intensity of pain itself. More prospective sasdon the use of TTs in cats with
clinical pain are needed to draw more solid conchs with respect to the clinical
usefulness of modern pressure algometers in tl@sieq Even when used for testing
analgesics in an experimental setting the docurdettieesholds have been highly

variable making it difficult to record an antinoeptive effect.

Thermal stimulation

12
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A number of studies investigated the applicabilify TT testing in various feline
nociceptive models (Table 2). Thermal stimulati@iies on the activation of two
subtypes of nociceptors: mechano-heat units aetivbhy noxious mechanical and hot
thermal stimuli, and mechano-cold units activatgdnoxious mechanical and cold
thermal stimuli (Djouhri & Lawson 2004). Two diffemt outcome variables are often
used during thermal stimulation: latency (the tirakpsed between the start of
application of a constant temperature and the whtien of the target behavioural
response) and threshold temperature (the measemgoktature at which the response
occurs with the application of an increasing terapee) (Casey & Morrow 1983;
Slingsby & Taylor 2007; Addison & Clements 2017)otHhermal testing is most
commonly described, although cold (7°C temperatar@rolled pressure-plate system)
has also been used in cats and found more usefm kmetic gait analysis to
differentiate between healthy limbs and those wagteoarthritis (Addison & Clements
2017).

There is a general concern that noxious thermalussition may activate mostly C
but not A fibres and therefore result in incomplete actvatdf nociceptive pathways,
making the thermal model less likely than othersesemble the complexity of clinical
pain (Mao 2012). Selectivity of receptor activatisrgreatly dependent on the mode of
delivery of the thermal stimulus and on the steepred the heating slope. In a murine
model, stimuli capable of heating the cutaneoufasaras rapidly as 6.5°C secdnd
such as laser radiation, activated énits with a response latency of 2 seconds dfier t
onset of the stimulus (Yeomans & Proudfit 1996)cémtrast, thermal conduction, by
means of rates of skin heating as slow as 0.9 6rsE, with relatively long latency of
5-6 seconds, evoked action potentials selectively nociceptors (Yeomans & Proudfit

1996). In cats, as well as in primates, thermahuiii above 45 °C are capable of
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activating both the & and C fibres, which respond with increasing disgbaas the
temperature is increased (Beck et al. 1974; Casdylatrow 1983). Both laser and
radiant heat stimulation responses are measurelht@scies, whereas temperature
thresholds are measured with contact thermodegsaCothermodes unavoidably apply
a pressure on the skin surface, which may alswatetiow-threshold non-nociceptive
AR fibres (Nathan et al. 1986; Svensson et al. 19Rif this is less likely to cause
confusion if the thermode is continuously in cohtagth the skin vs an intermittent
application.

Despite these limitations, thermal nociception basn used extensively over the
last two decades and its use in cats has been rmapeatable and reliable than both
mechanical and electrical models. The use of @aisvestigate and quantify afferent
activity in response to thermal stimulation dateskoto the 1960s (Kenshalo et al.
1967; Beck et al. 1974). One study used rapid asemal pulses ranging from 43 to
60°C and concluded that the probability of evokagiocifensive response in cats
increased for cutaneous thermal stimuli betweearsD55°C (Casey & Morrow 1983).

In 2002, Dixon and colleagues developed a TT dewabsequently produced by
Top Cat Metrology Ltd, which has been used for gatan of various analgesics in cats
(Dixon et al. 2002). A probe equipped with a healement and a temperature sensor
was held against a clipped area of the thorax uamgelastic band and a pressure
bladder, inflated to 100 mmHg to ensure even cariatween the skin and the probe.
The probe was heated at 0.6°C secamutil either a pre-defined behavioural response
was elicited, or a cut-off value of 60°C was reakchiéhe measurement of the TTs with
this device was repeatable and well tolerated ley dats but resulted in minor skin

lesions. A further crossover trial carried out I tsame authors in non-painful cats
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found the device useful to differentiate betweethigkne antinociception and a placebo
treatment (Dixon et al. 2002).

This device was used in various subsequent studibsa standardised approach,
characterised by a cut-off temperature decreasé&®#6.5°C, to prevent skin lesions,
the same application mode of the thermal stimuhgssaamilar areas of the body tested.
Many of these reports investigated the usefulnessi'is alone to evaluate the
pharmacodynamics of various analgesics (Lascelldgokertson 2004b; Robertson et
al. 2005; Johnson et al. 2007; Wegner & Robertdad72 Slingsby & Taylor 2008;
Robertson et al. 2009; Slingsby et al. 2009; Shiygst al. 2010) (Table 2), whereas
some others compared mechanical and TT testinthéosame purpose (Steagall et al.
2006; Steagall et al. 2007; Millette et al. 2008n&sby et al. 2012; Ambros and Duke
2013; Addison & Clements 2017) (Table 3).

In the context of pharmacological studies, TT tegtias been commonly used to
describe the analgesic effects of various opiandeaits, including “opioid-like” agents
such as tramadol and tapentadol (Lascelles & Reter2004a; Johnson et al. 2007,
Wenger & Robertson 2007; Pypendop et al. 2009;dgatkat al. 2015; Doodnaught et
al. 2017). Overall, the results of these studieggest that the thermal nociceptive
model consistently detects opioid-antinociceptidespite some contradictory findings;
whilst buccal buprenorphine was found by some astho significantly increase TTs
(Robertson et al. 2005a; Doodnaught et al. 2018)sgulted in inconsistent thermal
antinociception in another study (Steagall et &11%). A possible reason for these
conflicting results is the variable bioavailabilitpf buprenorphine after oral
transmucosal administration, which was found t@eabetween 16 and 60% (Pypendop

et al. 2014).
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An important drawback of using TTs to detect opiaittinociception in cats is
that opioids increase body temperature (NiedfeldR&bertson 2006; Posner et al.
2010), an effect that may act as a confoundingabégi and potentially affect the
outcome because the raised baseline temperaturaoh&g comparable to an untreated
control.

The thermal nociceptive model has also been usedvestigate the analgesic
pharmacodynamics ofi,-adrenoceptor agonists in cats, with conflictingsutes.
Slingsby & Taylor (2008) found that, among five fdiknt intramuscular
dexmedetomidine doses tested, only the highes(4thgg kg') caused an increase in
thresholds, which was less significant than witprenorphine, used as positive control
treatment. Another study failed to detect any défee using TT between intramuscular
and oral transmucosal dexmedetomidine at the sase (&lingsby et al. 2009).

In a subsequent report the same authors detectadd#ive antinociceptive effect
with buprenorphine and dexmedetomidine combinatbm-painful cats (Slingsby et al.
2010). In the light of these inconsistent findinggse authors concluded that the
adrenoceptor agonists-induced vasoconstriction @aiégr the response to thermal
stimulation by decreasing blood flow in the skinhieh makes the thermal model
suboptimal when this class of analgesics is ingastd (Slingsby et al. 2009). The
decrease in skin temperature appears to be dosadEnt with doses >5 pg/kg causing
some decrease (Pypendop personal communicatior).2020

Besides the contact thermal algometer developeDikgn (Dixon et al. 2002),
another device using remote carbon dioxide lasewsition has been validated for cats
more recently (Farnworth et al. 2013a, FarnworthleP013b). A visible, non-thermal,
helium laser was used to guide and aim the theoawddon dioxide laser beam over a

target area of the cats’ shaved thorax. The wagéheof the thermal laser was 1@,
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with a maximum power output of 10 W. The exhibitioh either a body shift (e.g.
rising) or the panniculus reflex were considerepoaitive response. The laser device
was evaluated with respect to intra-individual anter-individual variability. The
authors found that, although individual responsesewepeatable over a three-day
period, the repeatability decreased after the ftiharygl of testingFarnworth et al. 2013a).
Moreover, heavier cats had increased latenciegestigg that fat deposition in the sub-
cutaneous layers, where the skin nociceptors ootay,act as a buffer and attenuate the
response (Farnworth et al. 20130his laser device was used to investigate the
analgesic effects of opioids, NSAIDs angtadrenoceptor agonists (Farnworth et al.
2015). Although the results of this one study wereonclusive and did not allow
differentiation between treatment groups, it is tvaronsidering that using a GGser
thermal stimulator may offer some advantages ottegraypes of thermal probes. The
monochromatic, long wavelength results in complabsorption regardless of the
degree of pigmentation of the skin, which may bassne with radiant heat methods
(Le Bars et al. 2001). Moreover, the heating slapesteeper than with contact
thermodes as the target temperature is reachednwithiliseconds, and the lack of
cutaneous contact ensures avoidance of inadveatéiration of non-nociceptive nerve
fibres (Treede et al. 1984; Le Bars et al. 200Dweler, one potential disadvantage is
the lack of skin temperature measurement beforécapipn of the stimulus, as well as
the risk for blistering that was observed in somoelyg cats.

Overall, many studies suggest that thermal nodmeps well tolerated in cats
and the results are reproducible (Lascelles & Rsbar2004a; Robertson et al. 2005a;
Robertson et al. 2005b; Steagall et al. 2006; Pyperet al. 2009). A limitation of TTs
may be their applicability to pharmacodynamic stésdiocusing on analgesics that have

the potential to alter the skin temperature in ,catsch as opioids (Niedfeldt &
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Robertson 2006; Posner et al. 2007) ap@drenoceptor agonists at high doses - an
effect that may affect the thresholds or the comparwith control animals and act as a
confounding variable. The thermode method is uhlikeo be very useful for
investigating pain in clinical patients becauses time consuming, requires a skin area
to be shaved for its placement and the repeateticappn of noxious heat may be
regarded as upsetting by some animal caregivershdds that are more ‘portable’,
such as a laser, that can be focused on an anetemdst and used intermittently, may
be more useful in the clinical setting but mayl i@ unacceptable due to the repeated

testing (Farnworth et al. 2015).

Electrical stimulation

The potential advantage of electrical stimulatisrthat it is reproducible, measurable
and quantifiable. Single electrical stimuli of shduration, usually between 10 and 20
ms, are often applied in a sudden, abrupt fastbomeasure latencies. Alternatively,
electrical stimulation of gradually increasing imé¢y in the form of trains of stimuli,
usually lasting some hundreds of ms, have been wsenldents to evaluate different
responses organised on a hierarchical basis, naneigx movements of the tail
followed by more complex behavioural responsesh siscattempts to escape (Le Bars
et al. 2001).

A number of studies from the 1970s described tleeafilectrical stimulation in
cats (Anderson & Pearl 1974; Berkley & Parmer 19%dclerson & Pearl 1975; Lisney
1978). However, the majority of these neurophygmal studies were conducted in
cats under general anaesthesia and did not usevibets evaluation, which is an

intrinsic component of NTT.
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More recently, Millette and colleagues evaluatee tise of electrical threshold
testing to characterise the antinociceptive effemtsmeperidine in pain-free cats
(Millette et al. 2008). The authors used a curggrierator to deliver repeated stimuli
with a duration of 1 ms and 1 ms delay betweengsulghrough two electrodes held
against a clipped area of the mid-thorax. The curveas increased at 1mA second
and the cut-off was set at 5 mA. The main findirigMillette’s study was that the
electrical stimulus failed to detect meperidinerantiception, whereas the thermal and
the TTs, also used by the authors, were both fasedul for this purpose.

The application of electrical stimulation for nagjtive testing in cats has failed
to earn popularity. A reason for this may be thenynamitations of the electrical
stimulus, which differs from every natural type sfimulus that an animal may
encounter in its physiological environment.

Although studies conducted in both human voluntaedsdogs demonstrated that
electrical stimuli with frequencies of 2000, 250&hm Hz can selectively stimulate the
AR, the A and the C fibres, respectively (Finkel et al. 208&kai et al. 2004; Watabiki
et al. 2010), to the best of these authors’ knogdedhere are no published experiments
in cats to verify these findings. As a result, redastivity of activation is another
potential drawback of electrical stimulation, whichn result in activation of & C as
well as larger diameter fibres not directly impted in nociception (Le Bars et al.
2001). Finally, there are technical consideratitimst may limit the applicability of
electrical nociception. Based on its thickness hgdration, the skin offers variable
impedance to electrical stimulation, which can cdesbly affect the response. This
variability can be minimised by using a constante&ot and measuring impedance prior

to stimulation (Le Bars et al. 2001).
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The very limited evidence, together with the smalimber of reports in this
species, does not allow any conclusive statemetiit igspect to the usefulness of the

electrical nociceptive model in cats.

Chemical stimulation

Chemical stimuli differ from any other type of noeptive stimulation, as they are slow,
progressive and of longer duration. As a resu#t,chemical nociceptive model mostly
produces complex behavioural responses rather shmaple reflexes (Le Bars et al.
2001). Algogenic or irritant agents, such as capsaformalin and kaolin, are either
applied on the intact skin or injected subcutaniows intradermally, to produce
hyperalgesia and inflammation, and therefore eyidie. A local cutaneous injury may
produce primary hyperalgesia within the injuredaa@s well as secondary, neurogenic
hyperalgesia, caused by central sensitisatiorhambrmal surrounding skin. (Baumann
et al. 1991).

The duration of inflammation — and therefore of énglgesia — varies between
chemical agents, routes of administration and,iphssnimal models. In rodents, both
formalin and capsaicin reproduce an inflammatorydehacharacterised by two well-
identified phases, of which the acute one occumhiwiminutes from intradermal
injection and lasts a few minutes, followed by setary hyperalgesia starting around
10 minutes (Wheeler-Aceto & Cowan 1991; La et &12. In cats, subcutaneous
injection of kaolin in the paw results in well-de#id and reproducible inflammation that
lasted up to five days (Giraudel et al. 2005; Gileiet al. 2009).

The failure to quantify NSAID associated analgesid successfully differentiate
between different agents within the same pharmaz@utlass seems to be a common

denominator of the studies that used the mechaarmalthermal nociceptive models.
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Conceptually, since these models do not have adanmnfiatory component to the
nociceptive stimulus it is not surprising that thewe not succeeded. The addition of an
inflammatory chemical has been used to test theirdt@ammatory antinociceptive
effect of these drugs.

A study from the late 1970s used formalin, injecttcutaneously into the
forepaw, to induce inflammation and then quantifg &inalgesic effects of morphine
and meperidine with thermal latency testing in c@dsibuisson & Dennis 1977).
Similarly, kaolin was used in various studies toveistigate NSAID associated
antinociception in cats (Giraudel et al. 2005; Dixet al. 2007; Taylor et al. 2007,
Giraudel et al. 2009). Taylor and colleagues comdbikaolin injection and TT testing to
investigate the analgesic efficacy of ketoprofenseven cats, and found that the
combination of the two techniques did not detetinaciception. Ketoprofen increased
the TT outside the 95% confidence interval butshely was probably underpowered
(Taylor et al. 2007).

The intradermal or subcutaneous injection of chamitias been used only in
experimental cats with the greatest utility fortiteg the analgesic effect of drugs that
have an anti-inflammatory component. There areatergial applications in the clinical

setting.

Mixed nociceptive models comparing ther mal and mechanical thresholds

A number of studies conducted in cats reported dimeultaneous use of several
threshold testing methods to investigate the pheoehgmamics of various analgesic
agents, most of which were opioids (Steagall e2@06; Steagall et al. 2007; Millette et

al. 2008; Steagall et al. 2008; Slingsby et al.20kble 3).
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The studies using different types of nociceptivenslation seem to further
confirm that the TTs, and to some extent the machhiones, consistently detect the
antinociceptive effect of opioids (Millette et &008; Slingsby et al. 2012), whilst less
convincing findings were obtained when the two medegere used to investigate
ketamine (Ambros & Duke 2013). The authors conadiutat, because ketamine seems
to be more effective in pathological pain statearabterised by central facilitation
(Ghorpade and Advokat 1994), a model of acute epticn may not be the most
appropriate one to detect ketamine analgesia (Asn&rbuke 2013).

Tramadol was found to have a limited effect on bbthand TTs (Steagall et al.
2008), although the increase in thresholds was mosaounced when tramadol was
combined with 0.1 mg khacepromazine. However, the sedative effect, dedeict all
cats that received acepromazine (Steagall et 88)2@ould represent a confounding
variable, by decreasing the behavioural respones®rof the cats to nociceptive

stimulation.

Conclusions
Mechanical and TT testing are the NTT methods wexe found more reliable for use
in cats within the last two decades, with TTs bethg most widely applied in
pharmacological studies. As indicated above TTirngshay be influenced by changes
in skin temperature associated with particular drigyith a thermode technique the
baseline temperature is measured but this nedoks &ocounted for with other methods
where the skin temperature is not recorded autcaibti

Whilst TT testing is mostly applicable to the expental setting, there is a
promising, increasing tendency to test the usefdrg MTs in cats with clinical pain.

Therefore, mechanical nociception may, in the ®itusecome part of the routine
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evaluation of feline patients suffering from vamgoypain syndromes. The low
repeatability of mechanical NTT within short timaervals, as well as the lack of data
in patients with acute and chronic pain, represeajor limitations to its clinical
application. Some studies showed that both MT afdebting did not detect NSAID
associated analgesia, suggesting that, in ordevéstigate the efficacy of drugs whose
analgesic effect is mostly based on their antiaminatory properties, inflammation

must be produced first.
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Table 1. Studiesinvestigating the use of mechanical thresholdsin both experimental and

clinical cats (in chronological order)

Study Number Type of Sensitive Pressure/ Area Analgesics End-point Baseline
(authors, of cats algometer  probe force tested tested behavioural thresholds
year and characteristic reached response as (siteand
publication S (range/ cut described by  time of
type) off value) the authors measurem
ent)
Briggsetal. 8 Silastic NA Approximat Rectal v Stretching of  Control
1998 balloon ely 0-50 mucosa  butorphanol, the hind limbs, thresholds
(research catheter mmHg (no oxymorphon abdominal measured
paper) inserted per cut-off) eand ACP  muscular before any
rectum and alone and in contraction, drug
connected combination back arching, administrat
to a (saline as changes in ion
pressurised negative breathing
plastic jug control pattern
group)
Slingsby & 40 Pressure 15 mm 0.75-0.95 N Surgical SC Flinch away At the left
Waterman- FSR finger- diameter (no cut-off)  wound Carprofen,  from pressure flank,
Pearson 2000 mounted flat surface (OVH) Ketoprofen, before
(research algometer Meloxicam premedicat
paper) and ion
Tolfenamic
acid
Slingsby et 40 Pressure 15 mm 0-4 N Scrotum M Cat pulling At the
al. 2001 FSR finger- diameter flat  (no cut-off) meperidine  away scrotum,
(research mounted surface (versus no- before
paper) algometer pethidine as surgery
negative
control)
Dixonetal. 11 ProD Plus Three pins, 600 mmHg Forearm SC Picking up the Forearm,
2007 pressure each tipped (cut-off) Butorphanol leg and before
(research algometer  with a 2.4 mm and shaking it, kaolin
paper) diameter ball — Carprofen turning the injection
bearing pin head towards
bracelet,
licking/biting
bracelet,
vocalisation
Ferreiraetal. 8 Two 1-cnfcircular 5and 20 kg Metacarp IV and OTM Cat turning its Control
2011 different tip cnt (cut- us and methadone head toward  thresholds
(research devices: a off) for the ~ antebrac the stimulus, measured
paper) C clamp C clamp hium moving away before
and a and the from the methadone
mechanical algometer, stimulus, administrat
algometer respectively vocalising, or ion
attempting to
bite
Portersetal. 6 ProD Plus 4 mm diameter 20 N (cut Pectoral Combination Jumping, limb Control
2014 pressure probe off) muscle of withdrawal, thresholds
(research algometer (shoulder dexmedetom head turning, measured
paper) joint) idine and vocalisation before any
buprenorphi drug
ne either IM administrat
or OTM ion




Adamietal. 13 EVF and 0.8 mm 0-1000 g Lumbosa NA Attempts to NA

2018 SMALGO  diameterrigid (EVF)and craljoint (reliability/re escape, tail
(research tip (EVF) and 0-1500 g and peatability wiggling,
paper) 3 mm diameter (SMALGO) medial study) hissing,
pointed tip aspect of attempts to
(SMALGO) the stifle bite,
aggression,

ears back and
flat against the
head, head
turning
towards the
stimulation
site, back
muscle
contraction
and limb
withdrawal

Machinetal. 15 EVF and Probe 0-1000 g Upper lip NA Limb/head NA
2019a VFF equipped with (EVF)and and (reliability/ withdrawal,
(short 0.8 mm 0.008-300 g medial validation head turning,
communicati diameter rigid (VFF) aspect of study) watching the
on) tip (EVF) the stifle application
site,
vocalisation,
hissing,
attempts to
bite/scratch

Machin etal. 30 (15 SMALGO 3 mm diameter 0-1500 g Upper lip NA Limb/head NA
2019b healthy pointed tip above the (reliability withdrawal,
(research cats and canine /repeatability head turning,
paper) 15 cats root study) watching the
with application
CGS) site,
vocalisation,
hissing,

attempts to
bite/scratch

Table legend: NA: not applicable; IV: intravenoA&;P: Acepromazine; MT: mechanical
thresholds; OVH: Ovariohysterectomy; FSR: ForcesBenResistor; IM: intramuscular; SC:
subcutaneous; NSAIDs: Non-Steroidal Anti-inflammgtDrugs; EVF: Electronic von Frey
Anaesthesiometer; OTM: oral transmucosal; VFF: oy filaments; SMALGO: Small

Animal Algometer; CGS: Chronic Gingivo Stomatitis.
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Table 2. Studiesinvestigating the use of thermal thresholds in experimental cats (in

chronological order)

Study Number Type of Probe Temperatu Area Analgesics End-point Baseline
(authors, of cats algometer  characteristic rereached tested tested behavioural thresholds
year and S (range/ cut response as (siteand
publication off value) described by  time of
type) the authors measurem
ent)
Casey & 29 Thermal Spring-loaded, 43-60°C Shaved NA Vocalisation, NA
Morrow 1983 algometer  water-cooled outer movement of
(research contact thighs the stimulated
paper) thermodes limb,
interruption of
eating/approac
hing food
Dixonetal. 14 Top Cat 10 mm long, 60°C Shaved IM Visible (non-  Shaved
2002 Metrology 10 mm wide (cut-off) skin of meperidine  defined) thorax
(research thermal and 5 mm the (n=6 out of  reaction of the before
paper) algometer  deep probe dorso- 14 cats) cat to the meperidine
containing a lateral application of
heater element thorax the stimulus
Robertson et 8 Top Cat As described  55°C Shaved IM saline, Flinching, Before any
al. 2003 Metrology by Dixon et al. (cut-off) area of  morphine, turning or treatment
(research thermal 2002 the buprenorphi  jumping
paper) algometer thorax ne or
butorphanol
(n=6 cats per
group)
Wegner etal. 6 Top Cat As described  55°C Shaved IV Flinching, Before the
2004 Metrology by Dixon et al. (cut-off) area of hydromorph turning or analgesic
(research thermal 2002 the one jumping treatment
paper) algometer thorax
Lascelles& 6 Top Cat As described  55°C Shaved IV Flinching, Shaved
Robertson Metrology by Dixon et al. (cut-off) area of butorphanol turning or thorax
2004a thermal 2002 the (four jumping before the
(research algometer thorax different analgesic
paper) doses) treatment
Lascelles& 6 Top Cat As described 55°C Shaved IM Flinching or Shaved
Robertson Metrology by Dixon et al. (cut-off) area of hydromorph twitching of thorax
2004b thermal 2002 the one, the skin, before any
(research algometer thorax butorphanol jumping analgesic
paper) and forward, treatment
combination turning to bite
of both the probe
Robertson et 6 Top Cat As described  55°C Shaved IV and OTM Flinching, Shaved
al. 2005a Metrology by Dixon et al. (cut-off) area of buprenorphi turning or thorax




(research thermal 2002 the ne jumping before any

paper) algometer thorax analgesic
treatment
Robertson et 10 Top Cat As described  55°C Shaved IV (n=10), Flinching, Shaved
al. 2005b Metrology by Dixon et al. (cut-off) areaof  TC (n=4), turning or thorax
(research thermal 2002 the PO (n=2) jumping before any
paper) algometer lateral and IN (n=2) analgesic
thorax fentanyl treatment
Pypendop et 6 Top Cat As described 55°C Shaved IV lidocaine Jumping, Shaved
al. 2006 Metrology by Dixon et al. (cut-off) area of (saline as flinching, thorax
(short thermal 2002 the negative turning before any
communicati algometer lateral control towards the treatment
on) thorax group) probe, licking
or biting the
probe area
Johnson et al. 6 Top Cat As described  55°C Shaved IM Turning to bite Shaved
2007 Metrology by Dixon et al. (cut-off) area of butorphanol, the probe, thorax
(research thermal 2002 the buprenorphi  jumping away before any
paper) algometer thorax ne and from the analgesic
combination probe, treatment
of both jumping up
from a
recumbent
position
Wegner & 7 Top Cat As described  55°C Shaved IV Jumping, Shaved
Robertson Metrology by Dixon et al. (cut-off) skin of hydromorph flinching or thorax
2007 thermal 2002 the one turning toward before any
(research algometer lateral the probe analgesic
paper) thorax treatment
Slingsby & 12 Top Cat As described  55°C Various  Buprenorphi Skin twitch, Shaved
Taylor 2008 Metrology by Dixon et al. (cut-off) shaved ne (n=12, jumping or thorax
(research thermal 2002 areas of dexmedetom turning head before any
paper) algometer the idine at four towards the treatment
thorax different stimulus
doses (n=10
each) and
control
saline
(n=12)
Pypendop et 6 Top Cat As described  55°C Shaved PO tramadol Jumping, Shaved
al. 2009 Metrology by Dixon et al. (cut-off) area of (versus turning the thorax
(research thermal 2002 the placebo) head toward  before the
paper) algometer lateral the probe, analgesic
thorax licking or treatment
biting the
probe area or
cable
Robertson et 6 Top Cat As described 55°C Shaved SC Flinching, Shaved
al. 2009 Metrology by Dixon et al. (cut-off) area of hydromorph jumping or thorax
(research thermal 2002 the one turning to look before the
paper) algometer lateral at the probe  analgesic

thorax treatment




Slingsby et 12 Top Cat As described 55°C Shaved IM and Skin twitch, Shaved
al. 2009 Metrology by Dixon et al. (cut-off) area of OT™M jumping or thorax
(research thermal 2002 the dexmedetom turning head before the
paper) algometer lateral idine towards the analgesic
thorax stimulus treatment
Pypendop et 6 Top Cat As described  55°C Shaved PO Jumping, Shaved
al. 2010 Metrology by Dixon et al. (cut-off) area of gabapentin  turning the thorax
(research thermal 2002 the (versus head toward  before the
paper) algometer lateral placebo) the probe, analgesic
thorax licking or treatment
biting the
probe area or
cable
Slingsby et 12 Top Cat As described 55°C Shaved IM Skin twitch, Shaved
al. 2010 Metrology by Dixon et al. (cut-off) area of buprenorphi  jumping or thorax
(research thermal 2002 the ne (2 turning the before
paper) algometer lateral different head towards drugs
thorax doses), the stimulus  administrat
dexmedetom ion
idine (two
different
doses) and
their
association
(the lowest
dose of
each)
Siao et al. 6 Top Cat As described 55°C Shaved IV Jumping, Shaved
2012 Metrology by Dixon et al. (cut-off) area of oxymorphon turning the thorax
(research thermal 2002 the e and head towards before any
paper) algometer lateral amantadine the probe, treatment
thorax (oxymorpho licking or
ne and saline biting the
as control probe or cable
group)
Steagall etal. 6 Top Cat As described 55°C Shaved IV, IM and Flinching, Shaved
2013 Metrology by Dixon et al. (cut-off) area of SC jumping or lateral
(research thermal 2002 the bupernorphi  turning to look thorax
paper) algometer lateral ne at the probe  before
thorax analgesic
treatment
Farnworth et 16 Remote 5 mm diameter Power Two NA Moving away NA
al. 2013 a carbon carbon dioxide output 165 shaved (validation from the
(research dioxide beam guided mW forall areas of study) stimulus or
paper) laser by visible cats the exhibition of
helium laser lateral the panniculus
thorax, 4 reflex
cmf each
Farnworth et 113 Remote 3.5 mm 500 mwW Two NA Significant NA
al. 2013b laser device diameter was used; shaved shifting (i.e.
(research (Model 48- carbon dioxide maximum  areas of rising to its
paper) 1, Synrad, beam guided power the feet) or
Mulkiteo, by visible output of lateral panniculus
USA) helium laser  the device thorax, 4 reflex




setat 10 W cm2 each

Ambros 2015 Top Cat As described 55°C Shaved IV Jumping, Shaved
(research Metrology by Dixon et al. (cut-off) area of hydromorph flinching, thorax
paper) thermal 2002 the one or turning before any
algometer lateral buprenorphi towards the treatment
(wireless) thorax ne followed probe, licking
by a bolus of or biting the
IV fentanyl  probe area
(saline as
negative
control
group)
Farnworth et 60 Remote 5 mm diameter Maximum  Skin of IM Significant Skin of
al. 2015 carbon carbon dioxide power both morphine, shifting (i.e. both sides
(research dioxide beam guided output 10  sides of  buprenorphi rising to its of thorax
paper) laser by visible W (cut-off)  the ne, feet) or before any
helium laser thorax medetomidin panniculus treatment
e, tramadol, reflex
ketoprofen
and saline
(control)
Steagall etal. 6 Top Cat As described 55°C Shaved PO codeine Jumping, Shaved
2015 (short Metrology by Dixon et al. (cut-off) area of and OTM flinching, thorax
communicati thermal 2002 the buprenorphi vocalisation, before any
on) algometer lateral ne turning treatment
thorax towards the
probe
Simonetal. 8 Top Cat As described  55°C Shaved IV Flinching, Shaved
2016 Metrology by Dixon et al. (cut-off) area of hydromorph vocalisation, thorax
(research thermal 2002 the one, alone  rolling, before any
paper) algometer lateral and jumping, treatment
(wireless) thorax combined turning the
with either  head towards
butorphanol the probe
or
buprenorphi
ne (saline as
negative
control
group)
Pypendop et 8 Top Cat As described  55°C Shaved  Morphine, Jumping, Shaved
al. 2016 Metrology by Dixon et al. (cut-off) area of methadone turning the thorax
thermal 2002 the or head towards before any
algometer lateral oxymorphon the probe, treatment
(wireless) thorax e, licking or
administered biting the
either IV or  probe or cable
OoT™M
Tayloretal. 12 Top Cat As described 55°C Shaved SC Skin flick, Shaved
2016 Metrology by Dixon et al. (cut-off) area of buprenorphi  jumping thorax
(research thermal 2002 the ne (at three forward, before any
paper) algometer thorax different turning to bite treatment
doses and  the band,
different vocalisation

formulation)




Doodnaught 6 Top Cat As described 55°C Shaved PO Vocalisation, Shaved
etal. 2017 Metrology by Dixon et al. (cut-off) area of  tapentadol rolling, thorax
thermal 2002 the (two jumping after 30
algometer thorax different min
doses) acclimatisa
(versus IM tion,
buprenorphi before the
ne as analgesic
positive treatment
control and
placebo as
negative
control)
Doodnaught 6 Top Cat As described  Non- Non- OT™M Non-specified  Before the
etal. 2018 Metrology by Dixon et al. specified specified buprenorphi analgesic
(Letter to the thermal 2002 ne treatment
Editor) algometer
Carrozzoet 6 Top Cat As described 55°C Shaved IV fentanyl  Flinching, Shaved
al. 2018 Metrology by Dixon et al. (cut-off) area of at two rates  jumping, thorax
(research thermal 2002 the of infusion turning the before the
paper) algometer lateral (5and 3ug  head towards analgesic
(wireless) thorax kg hour?) the probe, treatment
licking or
biting the
probe area,
changing body
position
Scallanetal. 8 Top Cat As described  55°C Shaved Dexmedeto Flinching, skin Shaved
2019 Metrology by Dixon et al. (cut-off) area of midine twitch, further thorax
(research thermal 2002 the either IM or  dilation of before the
paper) algometer lateral at pupils, acute  analgesic
(wireless) thorax acupuncture changes in treatment
point GV1 facial
(same dose) conformation,
intentional
look or motion
toward the
probe,
vocalisation
Simonetal. 8 Top Cat As described 55°C Shaved IV Flinching, Shaved
2019 Metrology by Dixon et al. (cut-off) area of hydromorph vocalisation, thorax
(research thermal 2002 the one, alone  rolling, before any
paper) algometer lateral and jumping, treatment
(wireless) thorax combined turning the
with either head towards
butorphanol the probe
or naloxone
(saline as
negative
control
group)
Simonetal. 10 (all Top Cat As described 55°C Shaved IV Flinching, Shaved
2019b treated Metrology by Dixon etal. (cut-off) area of hydromorph vocalisation, thorax
(research at6,9 thermal 2002 the one (saline rolling, before any
paper) and 12  algometer lateral as negative  jumping, treatment
months  (wireless) thorax control turning the
of age) group) head towards

the probe




Table legend: NA: not applicable; GV1: Governings¥el 1; IV: intravenous; IM:
intramuscular; SC: subcutaneous; TT: thermal tholelsh) SL: sublingual; TC: transcutaneous

(compounded in pluronic lecithin organogel PLO);MToral transmucosal; PO: oral

administration; IN: intranasal.
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1 Table3. Studiesinvestigating (and comparing) different thresholdsin experimental cats (in chronological order)

Study Number Type of Sensitive Pressure/ Area Analgesics End-point Basdline Application  Main results
(authors, of cats algometer  probe force tested tested behavioural thresholds mode
year and characteristic /Temperat response as (siteand
publication S ure described by  time of
type) reached the authors measurem
(range/ cut ent)
off value)
Steagall etal. 8 Top Cat 10 mmlong, 55°C Shaved SC Skin flicking,  Shaved Manual, Morphine was the
2006 Metrology 10 mm wide (cut-off) area of buprenorphi  jumping thorax, 0.6°C sec most effective
thermal and 5 mm the ne, forward, prior to (until end- treatment in
algometer  deep probe thorax morphine, turning to bite any point increasing both TT
containing a methadone the band, treatment response or and MT, as compared
heater element or saline as vocalisation administrat cut-off to both control group
negative ion reached) and baseline
control thresholds
ProD Plus  Three pins, 650 mmHg One Leg shake, Same Manual, no
pressure each tipped (cut-off) forearm head turn forearm, time limit
algometer  with a 2.4 mm and/or prior to (until end-
diameter ball — vocalisation any point
bearing pin treatment
administrat
ion
Steagall etal. 8 Top Cat 10 mmlong, 55°C Shaved SC Skin flicking,  Shaved Manual, Both nociceptive
2007 Metrology 10 mm wide (cut-off) area of buprenorphi  jumping thorax, 0.6°C sec models were effective
(research thermal and 5 mm the ne, carprofen forward, prior to (until end- in detecting
paper) algometer  deep probe thorax or saline as turning to bite any point buprenorphine
containing a negative the band, treatment response or analgesia (although
heater element control vocalisation administrat cut-off the thermal model
ion reached) was superior to the
mechanical one), but
failed to detect
carprofen analgesia
ProD Plus  Three pins, 650 mmHg Craniolat Leg shake, Antebrachi Manual, no
pressure each tipped (cut-off) eral head turn um, prior  time limit




algometer  with a 2.4 mm surface and/or to any (until end-
diameter ball — of one vocalisation treatment  point
bearing pin antebrac administrat
hium ion
Steagall etal. 8 Top Cat 10 mmlong, 55°C Shaved SC tramadol, Skin flicking, Shaved Manual, SC tramadol had
2008 (crossov Metrology 10 mm wide (cut-off) areaof ACP, and jumping thorax, 0.6°C sec limited effect on both
(research er) thermal and 5 mm the their forward, prior to (until end- TT and MT, whereas
paper) algometer  deep probe thorax combination turning to bite any point the combination ACP
containing a (saline as the cable treatment response or + tramadol increased
heater element negative administrat cut-off both TT and MT
control) ion reached)
ProD Plus  Three pins, 650 mmHg One Leg shake, Same Manual, no
pressure each tipped (cut-off) forearm head turn, forearm, time limit
algometer  with a 2.4 mm biting at the prior to (until end-
diameter ball — probe, any point
bearing pin vocalisation treatment
administrat
ion
Millette etal. 8 Top Cat 10 mmlong, 55°C Shaved IM Skin flicking,  Shaved Manual, Electrical nociception
2008 Metrology 10 mm wide (cut-off) area of meperidine  jumping thorax, 0.6°C se¢*  failed to detect
(short thermal and 5 mm the (saline as forward, prior to (until end- meperidine analgesia,
communicati algometer  deep probe thorax negative turning to bite any point whereas both TT and
on) containing a control) the band, treatment response or MT were found
heater element vocalisation administrat cut-off useful for this
ion reached) purpose.
ProD Plus  Three pins, 850 mmHg Shaved Picking up and Shaved Manual, no
pressure each tipped (cut-off) thoracic shaking the thoracic time limit
algometer  with a 2.4 mm limb leg, turning limb, prior  (until end-
diameter ball — the head to any point
bearing pin towards the treatment
bracelet, administrat
licking or ion
biting the
bracelet,
vocalisation
(Model Constant Unit 5 mA (cut-  Clipped Attemias Clipped Continuous




CCul Generator off) area of look at, lick or area of the deliver of
Constant equipped with the mid- bite the mid- stimuli at a
Current a Grass thorax electrodes thorax, rate of 1 mA
Unit; stimulator, prior to sect
Astro-Med  delivering any (duration of
Inc stimuli via two treatment 1 ms with 1
skin electrodes administrat ms delay
ion between
pulses)
Ambros etal. 7 Top Cat 10 mmlong, As As Epidural As described Pre- As described Epidural
2009 Metrology 10 mm wide described  described hydromorph by Dixon et al. treatment by Dixon et administration of
(short thermal and 5 mm by Dixon et by Dixon one 2002 thresholds al. 2002 hydromorphone
communicati algometer  deep probe al. 2002 etal. (epidural measured increased both MT
on) containing a 2002 saline as and TT values
heater element negative (compared to both
control) saline and baseline
values)
ProD Plus  Three pins, As As As described Pre- As described
pressure each tipped described  described by Dixon et al. treatment by Dixon et
algometer  with a 2.4 mm by Dixon et by Dixon 2007 thresholds al. 2007
diameter ball — al. 2007 et al. measured
bearing pin 2007
Slingsby et 12 Top Cat 10 mmlong, As As IM As described Pre- As described MT were not affected
al. 2012 Metrology 10 mm wide described  described buprenorphi by Dixon et al. treatment by Dixon et by buprenorphine
(short thermal and 5 mm by Dixon et by Dixon ne, naloxone 2002 thresholds al. 2002 treatment, whereas
communicati algometer  deep probe al. 2002 etal. and their measured TT increased after
on) containing a 2002 combination buprenorphine
heater element administration
compared to baseline;
naloxone antagonised
the thermal
antinociceptive effect
of buprenorphine
ProD Plus  Three pins, As As As described Pre- As described
pressure each tipped described  described by Dixon et al. treatment by Dixon et
algometer with a 2.4 mm by Dixon et by Dixon 2007 thresholds al. 2007




diameter ball — al. 2007 et al. measured
bearing pin 2007
Ambros & 8 Top Cat 10 mmlong, 55°C Shaved IV ketamine Jumping, Shaved Manual, Only the low dose of
Duke 2013 Metrology 10 mm wide (cut-off) area of CRI, flinching, thorax 0.6°C set ketamine minimally
(research thermal and 5 mm the delivered for turning prior to (until end- affected both TT and
paper) algometer  deep probe thorax two hours towards the any point MT. The results were
containing a after loading probe or treatment response or inconclusive and
heater element dose, attwo licking/biting  administrat cut-off ketamine analgesia
different the probe area ion reached) could not be
rates demonstrated with
these nociceptive
models
ProD Plus  Three pins, 20 N (cut-  Anterolat Withdrawing, Same Manual,
pressure each tipped off) eral raising or forearm applying
algometer  with a 2.4 mm aspect of shaking the prior to force
diameter ball — the limb, jumping any increasin? at
bearing pin antebrac forwards/turne treatment (.8 N sec
hium d forwards, administrat
trying to bite  ion
the actuator
Addison & 21 Temperatur NA 7°C (cold Paws NA Walking off NA Behavioural MT, measured with
Clements (n=14 e-controlled plate) and (comparison the plate and observation both EVF and VFF,
2017 healthy  thermal 40°C (hot between number of after 10 were lower in cats
(research cats and aluminium plate) healthy cats times and second with OA than in the
paper) n=7 cats platform and cats with duration that habituation  healthy ones.
with OA) each paw was period Regarding TT, only
OA) lifted off the the cold ones allowed
plate differentiation
between healthy and
diseased limbs
EVF and Probe Up to 400 g Plantar Paw Manual, no
VFF equipped with  (cut-off or palmar withdrawal time limit
0.8 mm EVF)and  aspects (prior to (until end-
diameter rigid 0.008-300 g of the filament point
tip (EVF) (VFF) metacarp buckling for response)
al or VFF)




metatarsa
| pad,
respectiv
ely

w

Table legend: SC: subcutaneous; IM: intramuscdl@r;thermal thresholds; MT: mechanical thresholISP: Acepromazine; OA:

Osteoarthritis; EVF: Electronic von Frey Anaestbaseter; VFF: Von Frey Filaments



