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Abstract

C tactile (CT) fibres, responsible for the so-called “affective” touch (AT), have drawn a fair amount
of attention within the scientific community for their marked social dimension. However, while the
pain-relieving potential of discriminative touch (DT) has been documented, proofs of the analgesic
properties of AT are still scarce. Additionally, no study has so far tested its possible pain-relieving
effect on a clinically-relevant model. Temporal summation of second pain (TSSP), otherwise referred
to as ‘wind-up’, relies on repetitive stimulation of C-nociceptors and it is thought to reflect central
sensitization, a process linked to many chronic pain conditions. In the present experimental, within
participants, design we induced TSSP trough trains of ascending and descending repetitive heat
stimulation. Forty-two healthy participants’ pain was measured during two different tactile
stimulations (stroking velocities AT: 10 cm/s; DT: 0.3 cm/s) or without concomitant tactile input.
Since measures of pleasantness of the tactile stimulation have been found to strongly correlate with
C-tactile fibres’ firing rate, these, together with participants’ body awareness, were also taken into
account.

Our results show that AT brought about a decrease of our participants’ pain as opposed to both DT
and no touch, while DT did not produce any significant pain reduction. Thus, only AT successfully
modulated wind-up. As expected, AT was perceived more pleasant than DT, while a clear relationship
between body awareness and pain was found only during DT.

Targeting CT fibres could pave the way to new treatments for chronic pain conditions whose
aetiology depend on abnormal C-nociceptors’ physiology.

Perspective

This study extends previous findings on the analgesic potential of affective touch, documenting a
clear pain reduction during temporal summation of second pain (TSSP). Since TSSP is thought to
reflect central sensitization, the psychophysiological mechanisms of affective touch could be

exploited for new chronic pain treatments.



Introduction

Probably one of the most significant recent breakthroughs in the field of somatosensation is the
discovery of a second tactile system in humans. It was in 1990 when Nordin clearly identifies a group
of afferents with unmyelinated (type-C) axons, in the supraorbital area of man, which predominantly
discharge in response to slow stroking of the skin ®. These type-C unmyelinated low threshold
mechanoreceptive afferents (C-LTMRs), or C-tactile (CT) fibres, are solely localised in hairy skin
and have been linked to the affective facet of touch *°. They preferentially respond to caress-like
gentle stroking, at a speed of ~1-10 cm/s 332734 and their firing rate positively correlates with ratings
of touch pleasantness . For such reason the sensation arising from this tactile system is often referred
to as “sensual”, “pleasant”, “social” or “affective” touch (AT). Indeed, while AP myelinated
mechano-afferents sub-serve the spatial-temporal features of discriminative touch (DT) *°, CT-
mediated touch operates an affective-motivational function *2.

Noteworthily, AT plays a role in pain modulation as well. For instance, we know that CT fibres

mediate allodynic processes 6767

which take place when CT-mediated hedonic touch processing is
reduced *. The neuroanatomy of CT and C-fibres, both projecting to the same layers of the dorsal
horn of the spinal cord (laminae I/I) 7 and ascending in the spinothalamic tract *°, further suggests a
possible interaction between AT and pain. However, while the pain-reducing effect of Ap-mediated

touch have been extensively studied 72852819394

much less is known about the analgesic properties
of CT fibres. Previous studies show that AT is sufficient to modulate the sharp first heat pain causing
analgesia in healthy subjects 2. Yet, their potential to improve chronic pain conditions is unknown.
It has been shown how a particular stimulation protocol, which envisages repetitive heat pulses at a
frequency of 0.33Hz, could function as a model of chronic pain in humans 7. Such stimulation

paradigm has been used for decades %4654

and it primarily activates C-nociceptors, promoting a
rapidly increasing sensation of “second” (burning) pain. This process, referred to as “Temporal

Summation of Second Pain” (TSSP), or ‘wind-up’, is thought to reflect central neuronal sensitization

34 which is deemed to be at the basis of several chronic pain conditions *. Indeed, the clinical relevance
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of paradigms based on TSSP derives from the fact that such mechanism appears to be abnormal in
chronic pain patients %3177,

In the present study, we used such paradigm to investigate the potential effects of AT, hypothesizing
that it could produce analgesia during ‘wind-up’. To do this, we measured our participants’ pain in
different conditions, namely in concomitance to AT, DT or no tactile stimulation.

Materials and Methods

Participants

This study involved 42 healthy volunteers, 18 males and 24 females, aged between 19 and 53
years (mean = SD = 28.07 + 8.8). Different and sometimes mixed ethnic groups formed our sample,
with a majority of Europeans (26 European, 4 Bangladeshi, 3 Indian, 2 Black Caribbean, 2 Central
Asian, 1 Non-European White, 1 White and Black Caribbean, 1 White and Black African, 1 Chinese,
1 Black African). All participants were right-handed (mean +SD = 96.13 + 9.36, range 62 -100)
according to the Edinburgh Handedness Inventory .
Subjects under 18 and over 55 years, with a prior history of neurological or psychiatric disorders or
with on-going chronic pain condition were excluded from the experiment. Drugs intake, skin
problems (especially if related to the stimulated body part) and any other health condition that could
alter pain or tactile perception were also considered as exclusion criteria.
Before commencing the experiment, all volunteers gave their written informed consent. The
experimental procedures were approved by the local ethics committee and they were in accordance

with the Declaration of Helsinki.

Questionnaires
Participants’ anamnestic clinical data were collected through a case report form; in addition, each
subject was requested to fill in the Very Short Form of the Body Perception Questionnaire (BPQ '!).

This questionnaire measures the ability of the subject to detect internal bodily states. Such ability,



referred to as “body awareness”, has been linked to pain and therapies based on body awareness have
been suggested as effective interventions for chronic pain 2*.
To rule out any possible order effects, half of the participants filled in the questionnaire before the

start of the experiment, while the other half completed the BPQ at the end of it.

Touch Pleasantness

To be pleasant is one of the primary characteristics of AT. Thus, right after each condition we asked
our participants to rate the perceived pleasantness relative to the tactile stimulations (both during AT
and DT). Specifically, they were asked to tell how pleasant the tactile stimulation had been spelling
out a number on a 0-10 scale, where “0” corresponded to “not pleasant” and “10” to “maximally
pleasant”. To ensure that the answers were representative of the actual experience of the participants,
they were told that there were no “right” or “wrong” responses and that their answers had to be based

only on their true feelings.

Tactile Stimulation

Two different tactile stimulations were considered in this experiment: a ‘normal’ tactile stimulation
(“DT”) purportedly mediated by the activation of AP fibres, and a particularly pleasant tactile
stimulation, deemed to trigger the CT-fibres response (“AT”). The stroking velocities used in this
study were 0.3 cm/s for DT and 10 cm/s for AT. The former is considered to be sub-optimal to elicit
the CT-fibres response and therefore it was used as a control tactile stimulation. Optimal stroking
velocities are indeed considered to be within 1 and 10 cm/s, while sub-optimal velocities are 0.1, 0.3
and 30 cm/s (for ex. see ). During a small pilot (n = 6) we tested all the above-mentioned velocities
(in randomized order) and we recorded the highest average pleasantness rating during the 10 cm/s
stimulation. Thus, this velocity was chosen to be the one to represent the AT condition. Our pilot also
showed us that the least pleasant tactile stimulation was the one with a speed of 0.1 cm/s.

Nevertheless, a tactile stimulation with this velocity was considered to be almost imperceptible by
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some of our participants, so we finally chose 0.3 cm/s to represent the DT condition. This velocity
was rated as the second least pleasant.

Both DT and AT were manually delivered by a trained experimenter who wore a latex glove and
stroked the participants’ arms according to a proximal-distal fashion (upper arm to wrist). To keep
the tactile stimulations consistent across participants the experimenter wore an earplug, whereby a
pre-recorded sound was played to mark the pace of the tactile stimulations (0.3 and 10 cm/s). All

participants were stimulated by the same female experimenter.

Thermal Stimulation

To elicit TSSP a TSA-II Neuro Sensory Analyzer (Medoc Ltd. Advanced Medical Systems, Ramat
Yishai, Israel) was used. Trains of six heat pulses, with a stimulation frequency of 0.33Hz, were
delivered through a 30x30 mm thermode which was placed on the dorsal side of the participant’s
right wrist. The stimulation paradigm was adopted from Staud and colleagues ’’*. By using a
continuous-contact heat thermode, with a stimulation frequency of 0.33hz is possible to induce a
robust TSSP, similar to that observed with intermittent-contact paradigms ”°. Each pulse consisted of
an ascending and descending heat stimulation, with the temperature of the thermode increasing and
decreasing by 8°C/sec. The duration of a whole stimulation cycle was 3 sec. (see Fig.1). Prior to the
start of the experiment, the individual’s target temperature was adjusted to each individual’s heat pain
sensitivity and it was regulated to achieve maximal thermal TSSP ratings of 45 + 10 after six heat
pulses at 0.33 Hz 7>, Pain ratings were collected via a Computerized Visual Analogic Scale (CoVAS,

0-100 scale; Medoc Ltd.) at the end of each train of stimuli.

Procedure
The experiment was carried out in the pain lab at the Stratford Campus of the University of East
London (London, UK). The recruitment of participants was carried out through opportunity sampling

and the subsequent data collection covered a period between February and June 2019. Upon their
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arrival the participants were asked to sit comfortably on a chair and read and sign the informed
consent. Half of the participants were also asked to fill in the BPQ before the beginning of the
experiment while the other half did it at the end of it. Once the paperwork was finished participants
were asked to place their arms on the experimental table, where a metal frame prevented them from
seeing their right (stimulated) arm. In correspondence of the right wrist, on the dorsal side, the
thermode was secured with an elastic Velcro strap. The left arm was placed near the CoVAS, whereby
the participants could rate their pain. Headphones with a pink noise with a constant volume set at 70
dB were used to ensure noise isolation. Participants were then asked to look at a fixation cross placed
on the table in correspondence of their body midline, at a distance of about 30 cm.

Before starting the three experimental conditions, the individual’s target temperature was set through
3 trains of 6 heat stimuli each. The target was set when the maximal temperature of the thermode
would have elicited a pain rating of 45 + 10 at the end of each train of stimuli 2.

In each experimental condition, 5 trains of 6 heat stimuli were delivered with an intertrial interval
(ITT) of 30 seconds and the duration of each heat pulse was set to 3 seconds (1.5 sec for the rise time
and 1.5 sec for the return time). So, every subject overall got 15 trains of heat stimuli plus 3 delivered
during the pre-experimental condition. After each train of pulses, at about 2 seconds from the last
stimulus, a beep sound was played on top of the pink noise, marking the point in time where
participants had to rate their pain using the CoVAS. Participants were instructed to look at a fixation
cross and to pay attention to all stimuli which they had to rate after each train of thermal stimuli
(pain), or at the end of each condition (touch pleasantness).

Three experimental conditions were considered: a ‘No Touch’ (NoT), a ‘Discriminative Touch’ (DT)
and an ‘Affective Touch’ (AT) condition. During the NoT condition participants received the heat
pulses with no concomitant tactile stimulation. During the other two (tactile) conditions participants
received the painful heat together with that tactile stimulation. Throughout the DT condition the
experimenter stroked the dorsal side of their arm with her fingertips at a speed of 0.3 cm/s. A similar

procedure was used in AT condition, with the only difference that the stroke speed was set to 10 cm/s.
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An experimental, within-subjects design was considered, so all the volunteers underwent the same
three experimental conditions. Throughout DT and AT conditions the experimenter wore a latex
glove and the direction of the tactile stimulation was proximal to distal (upper arm to wrist), starting
approximately 30 cm above the position of the thermode. The use of a latex glove was adopted for
hygienic reasons (both for the experimenter and participant). In particular, this precaution allowed
avoiding any possible hand sweat, which could have been perceived as unpleasant by the participants.
Right after both the DT and the AT conditions, the participant was requested to rate the pleasantness
of the touch with a score on a numerical rating scale spanning from 0 (not pleasant) to 10 (maximally
pleasant).

The dependent variables of the present experiment were then the pain and pleasantness ratings and
the scores at the BPQ. The independent variable was the type of condition, with three levels: NoT,
DT, AT. The order of the three conditions was perfectly counter-balanced across participants, so that
every condition was presented the same amount of times as first, second and third. All the

stimulations, both tactile and thermal, involved the cervical dermatomes C6, C7 and C8.

Results

All results were calculated with the statistical software JASP 3°. Mean and standard deviations (SD)

of pain and pleasantness ratings are summarized in table 1.

Pain ratings
Ratings recorded after each train of stimuli were averaged together for each condition and participant.

Data from the Sphericity was checked with Mauchly’s test (W=0.94, p=0.31) and all data were



normally distributed according to the Shapiro-Wilk test (all Ws>0.9, p>0.05). The one-way repeated-
measures ANOVA on the pain thresholds disclosed an effect of the factor “Condition” (F2,5=12.25,
p=0.00003, n’p =0.22), meaning that the different type of stimulation did affect the participant’s pain.
Bonferroni-corrected post-hoc tests showed that only during the “AT” condition participants felt
much less pain as compared to both the “NoT” (p<0.001) and the “DT” condition (»<0.001). During
the “DT” condition there was no significant reduction of pain sensation compared to no touch

(»>0.05). Therefore, only “AT” was capable of decreasing the participants wind-up pain (see Fig. 2).

Pleasantness ratings

A Shapiro-Wilk test was run to check for the assumption of normality on the pleasantness ratings.
The test showed no significance, so the assumption of normality was maintained (all Ws>0.9, p>0.05).
A paired T-Test was used to ascertain the actual difference in the subjective ratings of pleasantness
of the two different tactile stimulations. As expected, the test revealed that a significant difference in
terms of pleasantness was attributed to the “DT” compared to the “AT”, showing the latter as being

much more pleasant (t41=-4.25, p<0.001; see Fig. 3).

Correlational analysis

To reveal any possible connection between the pain ratings and the other variables, a correlational
analysis was run. A Spearman’s rho was computed to check any possible correlation between the pain
ratings obtained during each condition and the scores of the Likert scale of the BPQ (see Fig. 4). A
significant positive correlation was reported between the pain ratings collected during the “DT”
condition and the BPQ score (p=0.33, p-0.028), meaning that at higher body perception scores

corresponded higher pain ratings during a ‘normal’ tactile condition. No other significant correlations
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were found between BPQ scores and the other two conditions, even splitting the sample in two
following the questionnaire administration order (all ps>0.05; see Fig.4a).

A Pearson’s r was computed to check for any possible significant correlations between the pain delta
scores obtained during the two tactile conditions (AT pain — NoT pain and DT pain — NoT pain) and
the respective pleasantness ratings. No significant correlations were found between the pleasantness

scores and any of the tactile conditions (all ps>0.05).

Ratings of Attention

In a second experiment, which was identical to the current one apart from the introduction of a
measure of attention (unpublished data), we asked our participants (n=21) to rate their attentional
level during the thermal and tactile stimulations. The ratings were measured on a 7-point Likert scale,
where ‘1’ indicated ‘my attention was not at all on the thermal stimulus but on other things, for
instance the tactile stimulus’ and ‘7’ meant that ‘my attention was fully on the thermal stimulus’. So,
the higher the rating the greater the attention allocated to the thermal/painful stimulus.

The means (and SD) obtained from this measurement were the following: NoT =5.12 (1.83), DT =
4.59 (2.14), AT = 4.95 (1.80). As expected, it is during the NoT (‘no touch’) condition that the
participants’ attention was more focussed on the incoming painful stimulation but, importantly, it was
during the AT condition, and not during the DT condition, that the second highest score was found.
So, the touch delivered in the DT condition was more attention-grabbing than the one in the AT
condition. In any case, none of these slight differences seems to be statistically relevant, as confirmed
by a repeated measures ANOVA on the attention scores for the three conditions: (F2,40=0.84, p=0.43).
The data collection of the second experiment had to be interrupted due to the Covid-19 pandemic
(still ongoing at the time we write), so these data have not been added in the present manuscript.
However, given the role that attention plays in modulating pain *°, we thought it was important to
show the above results, to provide an estimate of what the attentional levels could have been like

during each condition.
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Discussion

While a second tactile system in humans has been identified three decades ago, with clinical,
anatomical and experimental evidences suggesting an involvement of this system in pain perception,
very little has been done to unravel such relationship. In particular, it is not known if the activation
of the CT-fibres can determine a decrease of TSSP. The clinical relevance of such type of pain derives
from the fact that it has been deemed at the basis of some forms of chronic pain like, for example,
fibromyalgia '>7%7%77 By making use of an experimental model which could, at least partly, mimic
the psychophysical mechanisms at the basis of some chronic pain conditions, the current study shows
that AT can effectively lower TSSP. According to our findings, the pain reported by the participant
during the pleasant tactile stimulation is not only lower compared to when there is no concomitant
tactile input, but it is also smaller compared to the pain felt during a non-hedonic tactile stimulation
(DT). The stimulation of low-threshold unmyelinated mechano-afferents, which make a critical
contribution to the perception of AT 37, has been shown to decrease heat pain in healthy adults 278,
and in reducing noxious-evoked brain activity in infants 2. However, it is also important to note that
in a laser evoked potentials (LEPs) study, no clear pain-reducing effect was recorded following either
slow (pleasant) or fast (non-pleasant) stroking **. Therefore, the role of AT as an effective pain
modulator is not well established. Here we report for the first time a clear pain-reducing effect
operated by AT on the pain generated by repetitive heat stimulation. Previous research has revealed
that TSSP, otherwise referred to as ‘wind-up’, may reflect central sensitization, a process believed to
contribute to the development and maintenance of many chronic pain conditions 3122231889596
Hence, investigating what are the mechanisms that modulate this type of pain can bring about useful
insights into how central sensitization and chronic pain operate. In contrast to the so-called ‘first

pain’, mediated by Ad nociceptive afferents, ‘second pain’, mediated by C-nociceptors, does not

decreases with repetitive heat noxious stimulation ®. The characteristics of the unmyelinated C-
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nociceptive afferents, with a long latency response to input, account for the psychophysical properties
of windup of second pain %77, At a bio-chemical level, the mechanisms of wind-up pain rely on N-
methyl-D-aspartate (NMDA) receptors and substance P synaptic processes which are localized in the
dorsal horn of the spinal cord ®*¢. These transmitters are also present in the substantia gelatinosa
(SG), one of the densest neuronal areas of the central nervous system and a crucial hub for the
transmission and modulation of nociceptive signals '°. A previous electrophysiological study in rats,
revealed that the SG contains neural circuitry associated with modulation of C-nociceptors activity
by input from other C-fibres (low-threshold mechanoreceptors, or C-LTMR) *!, supporting the
hypothesis of an inhibitory action of CT-fibres on C-nociceptive-related activity. Also, the
modulatory activity operated by the SG could be expressed through the excitatory and inhibitory cells
of this area of the spinal cord, which are connected to the cells in laminae I and V that transmit
nociceptive input to the brain '°. Although we did not test it with the present study, and therefore we
acknowledge that is it highly speculative, the decrease in windup pain seen in our experiment could
be explained by the activation of inhibitory interneurons, in the SG, operated by CT-fibres, which
would suppress the activity of C-nociceptors. The suppression of C-nociceptors’ activity would lead
to a weaker summation process, which is at the basis of the wind-up phenomenon, and therefore to
less pain. The analgesic effect operated by AT could also be partly due to the fact that this type of

stimulation is linked to the release of oxytocin and dopamine °!

, although the anti-nociceptive
properties of these two hormones in humans are still not completely clear 3.

It is worth noting that in our study we did not find any clear analgesic effect of the ‘discriminative’
tactile stimulation. Such finding seems to be in opposition to the notorious “Gate Control Theory”
(GCT) 2, and in contrast with many studies pointing at a gating effect of the tactile stimulation, both

1 29206889 and supraspinal level 2*#*#*. One explanation may reside in the type of pain

at a spina
considered in the current experiment. The GCT establishes that both nociceptors and tactile fibres

can all carry information from the injury site to two different cell types in the dorsal horn of the spinal

cord, transmission cells, and inhibitory neurons. Both the nociceptive and non-nociceptive fibres can
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activate the transmission cells, opening the gate of signals sent to the brain. However, only the non-
nociceptive fibres can activate the inhibitory cells, therefore closing the gate >*. The non-nociceptive
fibres considered by the theory are large myelinated tactile fibres, i.e. the AP fibres. As a matter of
fact, current stimulation protocols in clinical settings focus on stimulation parameters that activate
AP fibres 3. However, the biochemical mechanisms that lead to the efficacy of treatments like the
transcutaneous electrical nerve stimulation TENS have not been fully understood yet. After all, the
analgesic power of popular interventions like TENS on wind-up/central sensitization-derived pain
states * is still scarce and such protocols also rely on the activation of a complex neural network .
Also, to our knowledge, there are no studies that have reported a decrement on TSSP following A3
fibres stimulation. Particular attention should be given to the fact that the tactile stimulation adopted
in the current study is not similar to other studies that have shown to produce analgesia by non-
pleasant tactile stimulation, so, it is not possible to ascertain whether our DT stimulation has the right
physical characteristics to produce an analgesic effect. It may be that, with other stimulation’s
characteristics (e.g. intensity, duration, stimulation type), DT could lead to a clear analgesia even
during TSSP. For instance, it has been shown how the pain inhibitory effect operated by non-painful
cutaneous stimulation, may take place only during specific inter-stimulus intervals (ISI) which
separates the AP from the AJ inputs 8. In addition, other studies failed to find an analgesic effect
operated by touch when administering touch and pain within the same dermatome °’, when using low
intensity stimuli °® or when providing a short tactile stimulation *°. Thus, future studies might reveal
whether the stimulus’ characteristics can affect the analgesic potential of DT during TSSP.

Our study has also shed some light on the link between the participants’ body awareness and their
pain. The strong relationship between body representation and pain modulation has been thoroughly
investigated in the recent past and it points at a by-directional influence. For instance it is known that
chronic pain conditions can alter normal body representations 32323405480 byt also that an altered

perception of the body can modulates acute and chronic pain states 64454863 Also, the ability to
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perceive the internal bodily sensations, or interoceptive awareness, has been shown to relate to pain.
For instance, healthy participants with high interoceptive sensitivity show an increased sensitivity
and decreased tolerance to pain °2. Conversely, improving body awareness has been suggested as an
approach for treating chronic pain patients °! and body awareness interventions may also improve
anxiety and depression in these patients '*. Under our particular experimental setting, we did find a
small but significant correlation which reveals that those with a higher ability to perceive the internal
states of their body are also those who tend to perceive a stronger pain during the DT condition.
However, this relationship between the interoceptive ability and the perceived pain seems to be lost
when the participants do not get concomitant tactile stimulations or when they receive pleasant
strokes. These results are partly in line with those by Pollatos et al. %2, in the sense that we also found
an increased sensitivity to pain in individuals with higher body awareness and autonomic reactivity,
yet this relationship was only clear during DT. Why this was is not easy to say on the basis of our
results and of the existing literature. DT could function as a switch which generates interoceptive
awareness by activating the primary and the secondary somatosensory cortices 32, and therefore
amplifying pain in individuals with high body awareness. This amplification could be hampered by
the affective touch, which should also activate the AP fibres, but it has a completely different
functional role (motivational-affective rather than sensory-discriminative) ’. Future studies may want
to address this relationship between DT, pain and body awareness further, to better understand what
is the role of the two types of touch on pain perception, taking into account the different interoceptive
sensitiveness of the participants.

It is right to say that the present study has also some major caveats. For instance, it should be
considered that in the current experiment the manual tactile delivery could have influenced the
participants’ ratings. We believe that, for the intrinsic social nature of AT, this type of tactile
stimulation should be delivered by a person and not by a machine. However, we acknowledge that a
limitation of the manual stimulation resides in the difficulty to determine the intensity of the tactile

stimulation and its precise speed. Using always the same trained experimenter can help to maintain
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the intensity of the stimulation under a certain restricted range, but the exact intensity is not
measurable and it cannot be kept completely constant across trials. The same applies to the stroking
speed, which was regulated by an audio input but it is reasonable to think that it could have slightly
varied across trials. So, the stimulation method should be acknowledged as one of the limitations of
this study. Also, the fact that the tactile stimulation was provided by an experimenter could have
produced a bias in the participants responses. We did our best to minimize any possible
predisposition, for instance by making clear to the participants that there were no ‘right’ or ‘wrong’
responses, but we cannot entirely exclude demand characteristics. Furthermore, although the
attentional data relative to a posthumous experiment would point at similar levels of attention across
conditions, we did not control for this cognitive factor during the current study, so we cannot rule out
a role of attention in driving the analgesic effect we found during the AT condition.
Another limitation of the present study could be found in the thermal stimulation protocol: while
using unique stimulus temperature for each subject should lower the TSSP variability across
participants 7%, and result in a more pronounced temporal summation compared to a fixed design !,
some studies have reported a variable proportion of subjects showing no temporal summation, even
during individualized protocols "¢’ Thus, measuring only the last pain sensation in a train of stimuli,
may have concealed the absence of TSSP in some of our subjects. At last, it should also be pointed
out that the exact level of activation, for ex. measured in firing rate, of both A and CT-fibres during
the two tactile conditions is not known, and it is sensible to think that both types of tactile fibres are
activated, yet to a different extent, by both types of stimulation. Thus, an electrophysiological study
should identify the exact activation of each type of fibre, especially during the 10 cm/sec (AT)
condition, to have a clearer picture of what is their relative contribution to the analgesic process.

To conclude, the present experiment showed that affective but not discriminative touch can
be considered as an effective intervention to reduce wind up pain caused by repetitive heat
stimulation. CT-fibres-related activity can contrast TSSP-related processes, while a ‘normal’ tactile

stimulation, supposedly involving A fibres activation, produces no benefit.
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Given the popularity of stimulation protocols like TENS, and considering the relationship between
wind up phenomena and chronic pain conditions 2!, future interventions could contemplate the

stimulation of CT-fibres as a possible target for their treatments.
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Figure captions

Fig. 1. Schematic representation of the experiment: during each condition [no touch (“Not”),
discriminative touch (“DT”) and affective touch (“AT”)] 5 trains (in red and yellow) of 6 heat stimuli
were delivered through a thermode attached to the dorsal side of the participants’ right wrist. Each
heat stimulus lasted for 3 seconds (1.5 ascending, 1.5. descending). Individuals’ target temperatures
were set for each participant, so that the maximal temperature of the thermode would elicit a pain
rating of 45 + 10 at the end of each train of stimuli. After about 2 seconds from the last stimulus of
each train, a pain rating was recorded via a Computerized Visual Analogic Scale (CoVAS, in green).
At the end of both tactile conditions (DT and AT) a pleasantness rating (in purple) was recorded via
a numerical rating scale. During the tactile conditions an experimenter stroked the participants arm
continuously at different velocities (0.3 cm/s for DT; 10 cm/s for AT). No tactile stimulation was

provided during the NoT condition.

Fig. 2. Grand averages (histograms) and standard errors (error bars) of the pain reported by the
participants in each condition [no touch (“Not”) in black, discriminative touch (“DT”) in grey and
affective touch (“AT”) in light grey]. Asterisks indicate significant differences among conditions

(¥*%p < 0.001),

Fig. 3. Grand averages (histograms) and standard errors (error bars) of the pleasantness scores
recorded after each tactile condition [discriminative touch (“DT”) in grey and affective touch (“AT”)

in light grey]. Asterisks indicate a significant difference between conditions (***p < 0.001).

Fig. 4. Correlations between the average pain recorded during each condition [no touch (“Not”),

discriminative touch (“DT”) and affective touch (“AT”)] by each participant and their individual
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Body Perception Questionnaire (BPQ) score. Only during the DT condition a positive significant

correlation was found (p<0.05).
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