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What's already known about this topic?

e There is some evidence that sensitivity to noxious stimuli differs between the sexes and
around the body.

What does thissstudy add?

o We tested sensitivity to acute suprathreshold thermal stimulations across a rangesitielsod
tarinvestigate for poteiatl variability. We found significant differences in the perceived
intensity.and unpleasantness of noxious and innocuous thermal stimuli at thexdvicsiver
back; compared with the shoulder and leg. These results suggest that pain experierare is driv
by receptor density or the relative functional importance of these sites.
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Abstract

Background: There is evidence that sensitivity to noxious stimuli differs between the sexes andraeross t
body, but few studies have investigated differences in the perception and experiente phiacstimuli

across the body in healthy individuals.

Methods: We recruited 52 healthy participants, ageeB5850% male) and administered 39°C, 42°C, and
45°C stimuli at'four body sites bilaterally to examine differences in the experidmain intensity and

unpleasantness:between body siieasan 11point numertal rating scale.

Results: Noxious'andhinnocuous thermal heat stimuli were perceived as significantly rieorecinvhen
delivered to thewrist (M = 3.98, SD = 1.93) and back (M = 4.07, SD = 1.98) comparedhoutdes (M =

3.45, SD =1.91) and leg (M3.46, SD = 1.87). Pain unpleasantness ratings yielded similar findings; stimuli
were perceived as more unpleasant when administered to the wrist (M = 2.83, SDand.@8)er back (M

= 3.04, SD = 2.11) compared to the shoulder (M = 2.63, SD = 1.8%au(dl = 2.26, SD = 1.82).

Conclusions:These findings suggest ththteshold-and-suprathreshadinful thermal stimuli delivered to
the wrist and back are perceived as more intense and unpleasant compared with othersbhadyesilthy
persons. These differences may be due to variations in receptor density, or the nafatitenice of these

sites for daily living and survival

Significance:Moreover, thesensights are helpful for the designd-interpretationf studies investigating
painexperienceén healthy personis experimental oclinical setting.

1. Introduction

Pain is a far mare complex experience than a simple indicator of potential or acteaditissage (Loeser and
Treede 2008). Peripheral neurons called nociceptors respond to nociceptive stifmolighlsome
nociceptors are polymodéle., they are activated by differentkis of noxious stimuli; Gold 2006he
perception of thermal.stimwli predominantly vidightly myelinated Adelta andinmyelinated fibres—is

central in the desigaf the present study, which investigated variability in pain experience across the bod

Pain perception is highly subjective, and has been shown to vary in relation to sex, ang #itlbd

stimulus is targetinge.g., Harju 2002)An extensive systematic review identified strong evidence to suggest
that females have lower tolerarfoe thermal (both heat and cold) pain compared with m{&asine et al.,
2012a) particularly at extreme temperatuf&sirlani et al., 2003)Vomen have also been found to display
greater wineup effectgi.e., the temporal summation of nociceptive signgillingim and Edwards 2005)

Such an increase in sensitivity may be the result of sex differences in temporal sumondkie way the

perception of pain intensity becomes amplified over {iRidingim et al., 1998) A second comprehensive
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systematiaceview fromRacine et al., (2012kponcluded that various biological (e.g., hormonal factors),
psychological (e.g., stress), and social factors (e.g., gapeeific pain expectations) contribute to the

postulated sex differences in pain sensitivity éalkhy men and women.

Patients with chronic pain frequently present with lateralised differences ipgraieption. Such lateralised
sensitivity can assist in an accurate diagnosis of the pain disorder, and the potitatisms involved.
During exanmatiensit,is critical that lateralised differences are interpreted with referencenbatngr values,
without assuming that healthy individuals do not experience lateralityetiffes in pain perception across the
body (Greenspan:et:al., 1999). The German Research Network on Neuropathic Pain (DFNS) wagdounded
establish a database of phenotypically characterised patients with neuropathicopaimgresearchers with
standardised protocals for somatosensory analysis of patients with neuropathangdb establish agand

gendermatched reference values for quantitative sensory testing (QST) paraiivietges et al., 2010; Pfau

et al., 2014; Rolke'et\al., 200@ince the DFNS was established, further QST research has been performed in

patients with a variety of neuropathic syndrorfidaier et al., 2010and chronic postherpetic neuralgirfau
et al., 2014)However,these studies investigated a series of parameters relating to pain sanditatshy
controls and neuropathic pain conditions (i.e., cold and warm detection and pain thresbaoiasl sensory
limen, as well &snechanical and vibration detection thresholds) rather than investigating the jpereepti

experience of acute noxious and innocuous stimuli.

The current exploratory study manipulated the delivery site and temperaturenzdltheat stimuli to
investigate if the*subjective ratings of pain intensity and unpleasantressdas-and-inocdoughermal

heat stimuli ofwarying intensities diffeariedacross the body in healthy individuafsndings from this
study will provide useful insight for the planning of studies investigating paeriexge in healthy
individuals, aswell as hidiighting the importance of matching body sites in experimental tasks (i.e., that
simply stimulating one body site could give different results), and potgra@bing as reference values for

future studies involving patients living with localised pain.
2. Methods

2.1 Participants

Fifty-two healthy volunteers, including twerix men, participated in this study. The mean age was 21.92
years (SD 3.51, median 21) with a range from 18 to 36 years. Exclusion critasg@ethchcute or chronic
pain (i.e., @in that is persistent for more than three months); current analgesic or pgyichogdication use
(i.e., use of medications more frequently than “as required/pro re nata”);eghcafconditions known to be
associated with altered pain sensitivity (e.g., diabetes, neurodegenerative diseases [pjuries, or major
trauma). These criteria were assessed via an online screening questionnaire @iexperiment.

Participants were also excluded from the study if they were identified to be at riskafsddepressive
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disorders and/or suicidal ideation. This screening was completed at the begfrthmgesting session (see

‘Mood questionnaires’).

2.2 Procedure

The protocol was approved by the Monash University Human Research Ethics CorfChiti¢d 640-
2014000772and followed the Helsinki Declaration of 1975. All participants gave written,nrddrconsent
and received $20AU, for their participation. Advertisement for the study was postezttinrét newsletters
and forums, as'well as physical fliers on the Monash University campus. Participantewéoedfithdraw
from the study at-any=point during theidy. Prior to the experimental testing session participants were

required to abstain from alcohol for 24 hours, as well as caffeinateddges and nicotine for four hours.

All participants werertested once between 9am and 6:30pm, and all sessions followed the sahe gen

procedureA male experimenter greeted the participamdprovided guidancénroughout the experimental

proceduresBefore commencing the experiment, participants completed baseline demograghimood

2.3 Magnitude estimations task

2.4.1 Method of pain induction

The Medoc Pathway Pain and Sensory Evaluation System (Medoc Advanced Medical Sydt&tasiat
Yishay, Israelwith Medoc Main Station software version 6.3.6.18ds utilised to delivethermal

stimulations to participants. The Pathway system allows for exact, controllaimergelf heat stimuli using

the Contact Heat Evoked Potentials (CHEPS) thermode. The CHEPS thermode Inalscamtact area of
573mnt (27mm in diameter) and can produce temperatures between 30°C and 55°C, withttheabili
increase in temperature at a rate of 70°C/secbimel magnitude estimation task comprised eight blocks, with

12 trials per block.

2.4.2 Simulus target sites

Stimuli within the eight blocks weristributed across four target sites bilaterally The exact location of
thermode placement for each stimulus target site was as follows: feritheite the thermode was placed

5cm up the arm fromsthe styloid process of the radius, on the antermcesoffthe arm (proximal to the

elbow); for theshoulder site the thermode was placed on the anterior surface of the deltoid region of the upper
limb, over the acromioclavicular joint; for theg site the thermode was placed 5cm up the leg from the

patell, proximal to the pelvis; and for thack site the thermode was placed on the horizontal line indicating

the supracristal plane (the highest points of the iliac crests), 3cm from theendtithe body. These sites are
frequently used in pain researchhealthy controls and chronic pain patigietg., Defrin et al., 2006;

Fillingim et al., 1998) All sites were tested separately, and each block was specific to a particular body site
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and side of the body (e.qg., all stimuli in the first block were delivered to thevedt lmack, all stimuli in the
second block were delivered to the right wrist, etc.). The eight body sites werdrigsgeddorandomised

order.

2.4.3 Trial design

Each trial started withpa fixation cross (2s), and then the thermallssimvas delivered over a four second
period(modifiedfrem,Loggia et al., 2011). During stimulus delivery, the thermode increasadaseline

(32°C) to the target temperature (1s), remained at the target temperature for twssandrtien returned to
baseline in enessecond (Supplementary Fig. 1). The thermode remained at basétime deitvery of the
stimulus in the next trial. The stimuli were programmed as high paliCAew pain (£2°C), or innocuous
(839°C). Over the'course of each block, edarget temperature was delivered four times in pseudorandomised
order. During thestrials, the CHEPS thermode was securely held in place bytitiparatr ensuring the

surface of the thermode remained in even contact with the skin of the target trahewixception of the

volar forearm, wherethe Velcro strap was used to secure the thermode). Temperatures weraftalected
screening the literatu@hibodeau et al., 2013)nd pilot testing in a separate sample, with the expectation
that the 48C stimuli would be rated at an average of seven out of ten. The stimulation temperaddras us

the current study were taken from literature screening and pilot testing tfahdixing the temperatures
according to individual pain threshold levels elge, lbwest intensity stimulus is set at the pain threshold level,
while the highest intensity stimulus set at a specific number of degrees above thegsainldHevel) as the
authors were more interested in the potential differences in pain perception ameheepterthermal heat

stimuli across theshuman body, rather than investigating individual differenpag threshold levels. This is
more of a responsgependent methodology, rather than a stimdisendent methodolodg.g., Gracely et

al., 198). Prior pilot testing in six participants trialled the highest stimulus at 48°C, byt paaticipants

were not able to tolerate these temperatures for the duration of the paradigm.

2.4.4 Pain ratings

After each trial participants were asked to raterisity and unpleasantness of the stimulus using qroiht
computerised numerical rating scale (NRS), with ancho@s(nb pain/not unpleasang (mildly
painful/mildly unpleasant), antd (extremepain/extremely unpleasani)he difference between stimulus
intensity and unpleasantness was described by using the analogy accordingeioaPr({t883) In brief, the
analogy relates the cancepts of pain intensity and pain unpleasantness to the volumdi® oPaireintensity
is described as beinggsimilar to the loudness of the radio, where the unpleasantnessmiitfmepds on the
intensity and other factors that may influence how pleasant or unpleasant the experiartieipants were

given 8 seconds to complete theatings, after which the next trial started.
2.4 Mood questionnaires
The Beck Depression Inventely(BDI- II; Beck et al., 1996aand the Beck Anxiety InventoiAl; Beck

and Steer 199Qre 2titem selfreport measures designed to assess the gegkdtirrent symptoms of
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depressive and anxious disorders respectively. These questionnaires have excellent payphopeeties

and have been recommended for use in pain res@awarkin et al., 2008)The BDHI has been shown to
have high onaveek estretest reliability (Pearsonis= 0.93), indicating that it is not overly sensitive to daily
variations in moodBeck et al., 1996annd to have high internal consistency (Cronbach’s alpha = 0.91; Beck
et al., 1996h)The BAI has also been proven toHighly internally consistent (Cronbach’s o, = 0.94) and
acceptably reliable over a period of 11 days (Pearson’s r = 0.67; Fydrich et 2)., 199 Cronbach’s alphas
for the BDHI andsBAl in the current sample were 0.75 and 0.54, respectively. ThélBDd BAI were used
to screen the severity participants’ current symptoms of depressive and anxiadergiBarticipantavho
were identifiedto-be:“at risk” of mild depression and/or anxiety (i.e., seo¢izdit on the BAI; > 19 on the

BDI-II; or > two en.item nine (suicidal ideation) of the BDD) were excluded.

2.5 Statistics

The data werefanalysed with IBM SPSS Version 20.0. ANOVA with contrast analyses were performed to
ensure that the three stimulus temperatures selected for the paradigm were perceivditasthighiferent
from one another (i.ey, validating the temperatures), and to determinégatéferences in the subjective
intensity and unpleasantness of painful thermal stimulations between the tegydiaitthe latter analyses
the stimulus target sites were paired to investigate potential differences betweerptssisibe paired site
combinations: wrist/shoulder, wrist/back, wrist/leg, shoulder/back, shoulyieafid back/leg. For the contrast
analysis data from the bilateral sites (e.g., the left and right shoulder) were cotobjimeduce an overall
mean rating for each of the four target sites (i.e., shoulder, back, wrist, anghifp) were then compared as
part of the analysis. A value of 0.05 was considered todiatistically significant, and Bonferroni corrections
were applied where necessary by dividing the desired level of statistical significance (i.e., a = 0.05) by the

number of comparisons performed to counteract the likelihood of Type I(Bunon 1961)
3. Results

3.1 Sample description

Fifty-two participants completed the study and were eligible for analysis. Participantszsetage age of
21.92 years (Sb = 3.55) and were not identified to be “at risk” of mild depredsive8(27, SD = 3.30)
ard/or anxious ¥ = 2.37, SD = 1.96) disorders.

3.2 Temperature validation

The three stimulus intensities (i.e., 45°C, 42°C, and 39°C) were given sigyfiddferent ratings of

intensity throughout the magnitude estimations paradigm, regardless ddit(fyupplementary Fig. 2). The
45°C stimulus My4s = 6.60, SD = 2.23) was perceived to be significantly more intense than both the 42°C
(Mg = 3.14, SD = 2.00F(1,49) = 583.86p < .001, 1,° = .92) and 39°CNls = 1.47, SD = 1.46F(1,49) =
559.61,p <.001, n,° = .92) stimuli. The 42°C stimulus was also perceived to be significantly more intense
than the 39°C stimulug(1,49) = 171.02p < .001, n,* = .78).
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3.3 Pain intensity ratings

Using a Bonferroni adjusted alpha of .008 (.05/6), sirophaparisons as part of the contrast analysis revealed
significantly different ratings in subjective pain intensity in four of thepsixs of stimulus target sites.
Regardless of stimulus intensity, thermal stimuli delivered to the wrist were pt@significantly more
intense compared to the stimuli were delivered to the shol(erQ) = 14.01p < .001, npz =0.22) and the

leg (F(1,49) = 20:99p.< .001, npz = 0.30). Similarly, stimuli delivered to the back were perceived as
significantly more itense than those delivered to the shoulBgt,49) = 20.08p < .001, npz =0.29) and the

leg (F(1,49) = 18:34p=< .001, npz =.27). No significant differences were observed for subjective ratings of
pain intensity between the wrist and the back, asagdlhe shoulder and the ldgd. 1A).

***Eigure 1 here***

Post hoc contrast analysis (using a Bonferroni adjusted alpha of .002) investigateal tieeof the
differences in subjective pain intensity. For the wrist/shoulder comparisgrthen89°C 8muli delivered to
the wrist was perceived as significantly more intense compared to the should#9)(E(13.46p =001, n,°
= 0.22; Fig. 2a). For the wrist/leg comparison, stimuli were perceived asmhemse at the wrist compared to
the leg at bth 42°C F(1,49) = 13.17p=.001, n,”> = 0.21) and 45°CH(1,49) = 15.28p < .001, n,* = 0.24),
Fig. 2b. For the shoulder/back comparison, both the 3B(C49) = 17.90p < .001, npz =0.27) and 42°C
(F(1,49) = 13.30p=.001, np2 = 0.21) stimuli delivered to the back were perceived as significantly more
intense comparedito. the shoulder: (Fig. 2¢). Finally, for the back/leg compahis@2°C stimuli delivered
to the back were perceived as significantly more intense compatieslley F(1,49) = 12.97p=.001, npz =
0.21). In addition, the 45°C stimuli directed to the back resulted in a marginalliicgighincrease in
intensity ratings compared to the légX,49) =10.52,p = .002; Fig. 2d). No significant differences wer
observed in response to the remaining stimulus intensities at these sites. Valuesctifeyigin intensity for

all sites and temperatures can be seen in Table S1.
***Eigure 2 here***

3.4 Pain unpleasantness ratings
Using a Bonferroni adjusted alplof .008 (.05/6), simple comparisons as part of the contrast analysis revealed
significantly differentsratings in subjective pain unpleasantnefmuiimof the six pairs of stimulus target sites.
Thermal stimuli delivered to the wrist were significantly more unpleasant compatethevistimuli delivered
to the shoulderR(1,49) = 14.29p < .001, n,* = 0.23) and the led~(1,49) = 22.48p < .001, n,* = 0.31).
Stimuli delivered to the back were perceived as significantly more unpleasant conopuesbdelivered to
the shoulderR(1,49) = 20.97p < .001, n,* = .30) and the leg(1,49) = 22.70p < .001, n,° = 0.32). No
significant differences were observed for subjective ratings of pain unpleasarmtvessrthe wrist and the
back, or the shoulder aride leg Fig. 1B).
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Post hoc contrast analysis (using a Bonferroni adjusted alpha of .002) investigaial tieeof the
differences in subjective pain unpleasantness. The 42°C stimuli directed to the witistiriesalmarginally
significant increase in the perceived unpleasantness compared to the slitld8) € 10.37p = .002; Fig.
2a). For the wrist/leg comparison, both the 422({49) = 11.54p=.001, np2 =0.19) and 45°CH(1,49) =
17.06,p<.001, np2 = 0326) stimuli delivered to the wrist were perceived as significantly more unpleasant
compared to thedegy, adl 45 = 4.96, SD = 2.63; (Fig. 2b). For the shoulder/back comparison, the
39°C(F(1,49) =11.74p =001, n,> = 0.19), 42°CF(1,49) = 15.94p < .001, n,° = 0.25), and 45°CFR(1,49)
=11.74p= 001 np2 =,0.19) stimuli delivered to the back were perceived as significantly more unpleasant
compared to the,shoulder (Fig. 2c). Finally, for the back/leg comparison, theF32749) = 13.53p = .001,
np° = 0.22), 42°CK(1749) = 18.00p < .001, n,° = 0.27), and 45°CH(1,49) = 12.20p =.001, n,”> = 0.20)
stimuli delivereditesthe back were perceived as significantly more unpleasant comphaeek¢p(Fig. 2d).

No significant differences were observed in response to the remaining stimulsgizgeat these sites.

Values of subjective pain unpleasantness for all sites and temperatures can be seen in Table S2.
4. Discussion

The present study examined whether there were differences in the intensity and ungleashricute
thermal heat stimuli across the body in healthy individuals. Our results stiggfe#t healthy-and-etherwise
painfree-individuals specific body sites may be more sensitive to both noxious and innocuous theatnal h
stimuli. In particular, thermal heat stimuli delivered to the wrist and back were perceinet@amtense and

unpleasant compared to the same stimuli when delivered to the wrist or shoulder.

Subijective ratings of pain intensity and pain unpleasantnessfoward to vary between specific body regions
in the present study. The thermal stimuli were perceived as significantly morseiateth unpleasant when
directed at thewrist and back compared to the shoulder and the leg. Previous studigatingegtiation in
subjective intensity and unpleasantness as a function of target body sites arédscpr¢2002)eported that
thermal heat and cold perception varies in relation to age, sex, and body areatf®dnee, older women
were more sensitive to both cold and heat pain compared to younger women and mearatthite). This
finding was recently opmed byHafner et al., (2015)who reported that the thermal detection threshold
increased with age, and was significantly higher at the foot compared to the hand. @tbehsive

examined differencessin sensitivity within a localised region of the sy, as the face and head, and found
that thermal‘pain thresholds differed significantly across orofacial(seestongue, lips, forehead etc.; Essick
et al., 2004; Kim et all, 2013peveral other studies have examined differences in thermal pashalds

across the body, with mixed resulésg., Defrin et al., 2006; Hardy et al., 1952; Kenshalo 1986; Lautenbacher
and Strian 1991)
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The German Research Network on Neuropathic Pain (DFNS) has collected multicentre refeaciocedait
perceptiorat the cheek, dorsal surface of the hand, and the dorsal surface of the foot in hedtlthplad

and females ranging from 20 to 70 ye@isgerl et al., 2010)in an early publication from this reference data,
Rolke et al(2006)reported that the threforementioned regions of the body (i.e., the cheek, hand, and foot)
differed with respect to the QST parameters (e.g., cold, heat, mechanical, and pressbregailds), with
sensitivity in the faceibeing higher than in the foot. Sensitivity in &mel ivas usually intermediate to the

other two sitegRalke,et al., 2006)Although this earlier study employed different target sites and testing
parameters, the results of the present study are consistent. That is, specific reg@hsimiih body disal/
differences in thesway pain is perceived. A later study by Pfau @04dl4)extended upon the initial DFNS
dataset by examining. potential differences in pain sensitivity between the nddenar back in patients

with chronic postherpetic neuralggad healthy controls. In the Pfau study, QST revealed lower sensitivity on
the upper back thanthe hand, and higher sensitivity on the lower back than the foot, wittiogt fi

differences between the upper and lower &au et al., 2014)The presentiiding that the pain is

perceived as more intense and unpleasant at the back compared to the leg is consistesewéhdrted by
Pfau et al. (2014), further highlighting that pain is subjectively ezpeed differently across different sites of
the kody.

Previous research has revealed that glabrous (i.ehaioy) skin has a significantly higher heat pain

threshold compared to hairy skihaylor et al., 1993)lt has been suggested thiais is because glabrous skin

is more richly innervated withdatsensitive receptors (unmyelinated C fibres) and high threshold nociceptors
(finely myelinated*Ad fibres, AHM type I), but lacks the lower threshold heat receptors (AHM type II; Treede

et al., 1995)HowéVer, more recent findings suggest that thesetexedo exist, but are simply situated

deeper in glabrous compared to rglabrous skir{lannetti et al., 2006 Heweverlt should be noted thathe
stimulus targetgsites in the present study were all nonglabrous. Other areas of thavgolgen fountb

have different tactile sensitivities based on the density of receptors that inneavg@i@rticular area of the

skin (Gallace and Spence 2014). Therefore, the regional differences observed in thestuayemay

perhaps be due to differences in dhigtribution of temperatureesponsive nociceptors throughout the target

sites.

Given that pain_intensity and unpleasantness was found to ahfitenrg nonglabrous body sites suggests that
these effects may arise not simply due to differences in innemyatib due to a combination of both
functional and psychelogical mechanisms. The hands and arms of humans are requiesty factivities of
daily living (e.9., object manipulation, communication, and feeding), and for mangaarvival (e.g., self
defence), while the large muscles of the baskHegsare integral to core mobilitgndstrength-and

. o . : o walThe

increased sensitivity to pain at these sites may be a protective mechanism that servesaase waming

signal to prevent potential injury to body sites that are more “valuable” or ngctssarvival Alterhatively,

ham ec of tha b e-not-involved-in-daily Nnctioning SRR \A SN hand nd-feet and
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Some limitationssfrom the present investigation should be considered in making gatienslisom these

findings. First, the current sample mainly comprised yourgPj<participants who were all healthy and pain
free. Furtherresearch is needed to determine whether the same patterns are foendmudclinical
populations, given that prior research has identified that pain perception (Gibsorrr@idB@4)and central
pain processing(Gibson et al., 19@hanges through the aging process even in the absence of comorbid
illness and diseasexSecond, thermal heat stimulation was the only method of senstagastiused.
Therefore, the fesults of this stuahay not generalise across other forms of noxious somatosensory
stimulation. Third, the sample size was smaller than that of prior researchmiexptne sensory lateralisation
of pain(e.g., Lugo et al., 2002However, as our effect sizes (partial etaaseiy n,°) can be classified as
large(Cohen 1988)this suggests that this study recruited a sufficiently large sample to detectlglinical
important differences. Finallyhe current study investigated the perception of noxious and innocuous thermal
stimuli across only four bilateral sites. For a more detailed investigation oftjabi@ifferences in pain
perception across the \body, a greater number of test sites (including both glabrous attaumgkin)

should be included in future studies.

In conclusion,the present study found that the wrist and the lower back are motigesémsioxious and
innocuous thermal stimuli compared to the shoulder and leg. These results hwajgeshtexperience is
driven by receptor density or the relative importance of the site experiencinfgipadily living and survival.
Such insights are helpful for the design and interpretation of future studies invegtgsEb in an
experimental or clinical setting. These findings are important to consider wieeingglarget and control

sites for pairrelated studies.
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