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Background: Slow stroking touch is generally perceived as pleasant and reduces
thermal pain. However, the tactile stimuli applied tend to be short-lasting and typically
applied to the forearm. This study aimed to compare the effects of a long-lasting
brushing stimulus applied to the facial region and the forearm on pressure pain thresholds
(PPTs) taken on the hand. Outcome measurements were touch satiety and concurrent
mechanical pain thresholds of the hand.

Methods: A total of 24 participants were recruited and randomized to receive
continuous stroking, utilizing a robotic stimulator, at C-tactile (CT) favorable (3 cm/s) and
non-favorable (30 cm/s) velocities applied to the right face or forearm. Ratings of touch
pleasantness and unpleasantness and PPTs from the hypothenar muscle of the right
hand were collected at the start of stroking and once per minute for 5 min.

Results: A reduction in PPTs (increased pain sensitivity) was observed over time (P
< 0.001). However, the increase in pain sensitivity was less prominent when the face
was stroked compared to the forearm (P = 0.001). Continuous stroking resulted in a
significant interaction between region and time (P = 0.008) on pleasantness ratings,
with a decline in ratings observed over time for the forearm, but not on the face.
Unpleasantness ratings were generally low.

Conclusion: We observed touch satiety for 5 min of continuous robotic brushing on the
forearm confirming previous studies. However, we did not observe any touch satiety for
brushing the face. Mechanical pain sensitivity, measured in the hand, increased over the
5-min period but less so when paired with brushing on the face than with brushing on
the forearm. The differential effects of brushing on the face and forearm on touch satiety
and pain modulation may be by the differences in the emotional relevance and neuronal
pathways involved.
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INTRODUCTION

The ability of pain modulation via a variety of presentations of
pleasant stimuli has been established (1-3). More recently, it has
been shown that a pleasant valence attributed to somatosensory
stimuli resulted in a reduction of orofacial muscular pain (4)
and heat pain (5), when the stimulus was applied to the same
dermatome. Within the aforementioned studies, the pleasant
stimulus was one, which activated the C-tactile (CT) afferent
system (6).

C-tactile afferents are unmyelinated low-threshold fibers
located in the hairy skin of humans (7, 8). They have been
found to respond vigorously to a slowly moving, innocuous
touch, which is commonly produced in situations of closeness
or intimacy (9-11). It is therefore not surprising that the
activation of CT afferents was positively correlated with the
subject-reported pleasantness scores via psychometric analyses,
and therefore considered to encode for a pleasant sensation (6).

The animal equivalent of the CT afferent is termed C-low-
threshold mechanoreceptive (C-LTMR) afferents. The activation
of C-LTMRs in rodents has been shown to provide an analgesic
role by inhibiting high-threshold C nociceptive input to the
dorsal horn (12). While C-LTMRs may have an analgesic effect
via other means, in mice the release of the molecule TAFA4,
a chemokine-like secreted protein, has been shown to suppress
the transmission of nociceptive information in the dorsal horn
of the spinal cord (13). Furthermore, the positive expectation
that tends to accompany a pleasant stimulus, has been reported
to activate the opioid system (14) and contributes to a form of
placebo-induced pain reduction (15). Individual differences in
attachment style may also contribute to the effects of affective
touch on pain modulation (16). For instance, the stimulus ideal
for CT activation, when delivered by a romantic partner, can
signal positive emotions and social support (17), serving to
reassure the receiver before experiencing pain and resulting in
lower perceived pain. Of course, this would be influenced by the
individual’s underlying perception of social relationships (18).

The region most often tested in CT afferent studies is the
forearm (19), which may be as a result of the high density of CTs
present as suggested from their abundance in microneurography
recordings (20). However, CT fibers have also been recorded
from the facial area (11). Furthermore, their density relates to
the density of vellus hairs, which is particularly high in the facial
region (21, 22). Hence, coupled with the specialist function of
the orofacial region, in particular with caressing, etc., it may
be speculated that the positive emotions elicited may be more
prominent, resulting in greater experienced pleasantness, in
comparison to the forearm, and therefore a greater reduction in
pain. However, this is yet to be investigated.

At present, there is extensive literature on pleasant touch,
however, the touch applied is commonly short-lasting, likely as a
result of the post-activation depression property of CT afferents
(8, 23). Following initial activation of CT afferents, they exhibit
fatigue, whereby they have a marked decrease in response to a
stimulus, and this effect may last for several minutes; justifying
why a substantial amount of CT afferent investigations utilize few
strokes with a period of rest termed the interstimulus interval.

Although only a limited number of studies have investigated
continuous, or, prolonged pleasant stimulation, it has been
reported that a decrease in pleasantness occurs over time (24).

The study aimed to assess (via psychophysics) if a continuous
CT favorable (pleasant) dynamic stimulus applied to the facial
region can modulate the pain threshold in a differing region of
the body, more than a CT favorable dynamic stimulus applied to
the forearm. The hypotheses to be tested were (1) a standardized
continuous brush stimulus applied to the face is considered
more pleasant than a standardized continuous brush stimulus
applied to the forearm. (2) A standardized continuous CT
favorable brushing stimulus to the face can modulate the pressure
pain threshold (PPT) in a different region of the body. (3) A
standardized continuous CT favorable brushing stimulus to the
face modulates PPT on the hand more than a continuous CT
favorable brush stimulus on the forearm. (4) A standardized
continuous CT favorable dynamic brushing stimulus (3 cm/s) can
modulate PPT more so than a continuous stimulus preferentially
targeting AP nerve fibers (stroking at 30 cm/s).

MATERIALS AND METHODS

Participants

A total of 24 participants were recruited from the database of
the Center for Social and Affective Neuroscience, Linkoping,
Sweden, and The Section of Orofacial Pain and Jaw Function,
Aarhus, Denmark, to attend two sessions each. Sample-size
calculation estimated a 0.86 effect size for the intraindividual
difference between pleasant and control stimuli in experimental
orofacial muscular pain (4). Therefore, risks of errors for type I at
5% and type II at 20%, resulted in a total sample size of 20.

Four participants withdrew. One suffered a panic attack
during the first session but did not disclose the reasoning
behind it, and three did not come back for the second visit
without stating any reason. Their data were not used for
the analyses. Therefore, the included participants consisted of
14 women (age range 18-35 years) and 6 men (age range
18-25 years), all right-handed. They were compensated 200
SEK per hour of their time with testing lasting approximately
3h. The exclusion criteria consisted of current orofacial
pain or undergoing dental treatment, diabetes, neurological
diseases/disorders, current use of analgesic medication, or
psychiatric disease. The study was performed under the Helsinki
Declaration II and approved by The Scientific Ethics Committees
for Central Denmark Region (reference 1-10-72-312-16) and
Linkoping, Sweden (2018/234-32).

Pressure Pain Stimuli

Utilizing an electronic algometer (SOMEDIC Algometer,
SOMEDIC sales AB, Sweden), that responded linearly to force
application between 0 and 10 kg with a probe diameter of 1 cm?,
the pressure was applied to the hypothenar muscle of the right
hand. The participant pressed a button when the pain was first
felt and the value recorded was referred to as the PPT. The PPT
was calculated as the mean of three series of ascending stimulus
intensities, each applied as a slowly increasing ramp of 50 kPa/s
(25). The two experimenters had previous experience and were
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FIGURE 1 | Overview of the experimental setup. Tactile stimulation was
delivered by the RTS while the participant was lying flat with right forearm
extended (A) and head turned to expose right side (B).

familiar with the technique utilized, to deliver the stimuli in a
controlled manner.

Tactile Stimuli

A 7-cm-wide goat hair brush was mounted onto a robot, termed
the Rotary Tactile Stimulator (RTS, Dancer Design, St Helens,
UK). This allowed controlled brush strokes in a pendulum
motion to be delivered at a calibrated force of 0.4 N and velocities
of 3 and 30 cm/s to the face and forearm (Figure 1). Brush strokes
were delivered continuously in a bidirectional rotation (proximal
to distal and vice versa).

Experimental Procedure

Participants were provided with information leaflets before
the start of the study. On the day of participation, any
questions regarding the study were answered and written consent
was obtained.

The study was undertaken in a quiet room without
disturbance. First, one PPT measurement trial was performed
with the algometer on the hand (the hypothenar muscle of
the right hand) to ensure that the measurement procedure
was understood. Following that, the region and velocity
were randomized, with one velocity and both regions tested
per session.

Pressure pain thresholds were taken before baseline
measurement and at lmin intervals during the stroking
(Figure 2). Initially, a full bidirectional stroke was delivered to
the desired region and the participant rated how pleasant [0-100

numeric rating scale (NRS), 0 = no pleasantness of any kind and
100 = the most pleasant sensation imaginable] and unpleasant
(0-100 NRS, 0 = no unpleasantness of any kind and 100 = the
most unpleasant sensation imaginable) the stroking sensation
was perceived (26). The velocity to use in the first session was
selected by randomization (either 3 or 30 cm/s). This velocity
would then be used on both regions for that session and the
other velocity was used in the second session, for each individual.
The region, which would first be exposed to the stroking was also
randomized. Both randomizations (session and region) were in
a balanced design. Ratings were collected at every minute, for a
total of 5min. To avoid the fatigue of the receptors, or potential
sensitization, the PPT was measured across three sites of the
hypothenar muscle.

The location of stroking on the face was the skin overlying
the mandibular branch of the trigeminal nerve ipsilateral to the
PPT site. This region was selected for its large area and ease of
application of the brush stroke. For the forearm, strokes were
delivered to the flattest portion of the dorsal forearm ipsilateral
to the PPT site. A break of 30 min was provided to the participant
when changing between the different regions to prevent any
potential crossover effects.

DATA AND STATISTICAL ANALYSES

All data are presented as mean =+ standard error of the
mean (SEM).

Model validation was performed by inspecting Q-Q plots.

Pressure pain thresholds, pleasantness, and unpleasantness
ratings at the investigated velocities, regions, and times were
investigated by a repeated measures three-way ANOVA [velocity
(cm/s) x stroking region (face or forearm) x time (min)]. Post-
hoc analyses were performed by the Tukey’s honestly significant
difference test with correction for multiple comparisons. A value
of P < 0.05 was considered statistically significant.

RESULTS

Pressure Pain Thresholds

A significant main effect of region (P = 0.001) and time (P <
0.001) was identified, Figure 3. There was no significant effect
of velocity (P = 0.310) and no significant interactions between
factors (P > 0.133).

Overall, PPTs were significantly lower (increased pain
sensitivity) when stroking the forearm (mean = 242.91 =+ 80.62)
compared to the face (mean = 256.02 £ 83.92), irrespective of
the stroking velocity and time. An overall decrease in PPT was
found over time (P < 0.001). The post-hoc analysis demonstrated
that PPTs were significantly lower at the second, third, fourth,
and fifth minute (P < 0.008), compared to baseline. Pressure pain
thresholds were also significantly lower at minute four compared
to the first minute of continuous stroking (P < 0.027).

Pleasantness Ratings
All participants experienced a pleasant sensation when stroked
with the brush on both the face and forearm.
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FIGURE 2 | Schematic representation of the experimental design. The velocity randomized would be used for the entire session, in this example 3 cm/s, with 30 cm/s
to be used at the second session. NRS, numerical rating scale (0-100 for pleasantness and unpleasantness); PPT, pressure pain threshold (to hypothenar muscle).

A significant main effect of time on mean pleasantness ratings
(0-100 NRS) was identified (P = 0.046), Figure 4. However,
the pair-wise comparisons between time points in the post-hoc
analysis did not reveal any statistically significant differences
(P > 0.078). There were no significant main effects of velocity
(P = 0.118) or region (P = 0.904) on pleasantness ratings. A
significant interaction between region and time was identified
(P = 0.008), with post-hoc analysis identifying that there was a
significant decrease in pleasantness ratings at 3 (P = 0.045), 4 (P
= 0.001), and 5 (P < 0.001) min of continuous stroking on the
forearm compared to baseline, but not the face (P > 0.107). There
were significantly lower pleasantness ratings at minutes four (P
= 0.003) and five (P < 0.001), compared to the first minute of
continuous stroking of the forearm.

No significant interactions between velocity and region (P =
0.614) and velocity and time (P = 0.638) were identified.

Unpleasantness Ratings

The unpleasantness ratings were generally low (Figure 5).
Nevertheless, there was only one participant that did not
experience any unpleasantness (i.e., NRS of 0) associated with
the continuous stroking at either velocity on the face, and two
participants that did not experience unpleasantness at either
stroking velocity on the forearm.

There were no significant main effects of velocity (P = 0.254),
region (P = 0.351), or time (P = 0.550) on unpleasantness scores
(0-100 NRS), Figure 5.

A significant interaction between region and time was
identified (P = 0.007), with post-hoc analysis identifying a
significant increase in unpleasantness ratings at 4 (P = 0.015) and
5 (P = 0.012) min of continuous stroking on the forearm, but not
the face (P > 0.056), compared to baseline.

No significant interactions between velocity and region (P =
0.470) and velocity and time (P = 0.379) were identified.

DISCUSSION

In general, PPTs declined (increased pain sensitivity) over time
during continuous stroking, compared to baseline, and there
were no differences in the PPTs when continuous stroking was
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FIGURE 3 | Mean PPTs (kPa) during continuous stroking on the differing
regions at the differing time intervals. BL, baseline; NRS, numerical rating
scale; PPTs, pressure pain thresholds.

applied at different velocities. However, PPTs on the hand were
significantly less reduced when continuous stroking was applied
to the face, compared to the forearm. There was no difference
in pleasantness ratings between the face and forearm, however,
continuous stroking resulted in a modest decline in pleasantness
ratings over time on the forearm but not on the face.

It has been identified that a CT favorable stimulus can reduce
experimental pain (27). Here, neither CT favorable (3 cm/s) nor
AP favorable (30 cm/s) stimulation resulted in a decrease in pain
sensitivity. However, since we did not have a condition without
touch in our experimental design it is possible that both stimuli
mitigated pain sensitization. Specific to AP fibers, modulating
pain by touch stimuli has been attributed to activation of wide
dynamic range (WDR) neurons in the dorsal horn of the spinal
cord (28). The WDR neurons respond to both nociceptive and
tactile inputs, with receptive fields containing excitatory centers
and inhibitory peripheries. Within humans, it has been found
that the spatial position of the touch stimulus (activating AP
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fibers) can influence the pain relief experienced (29). As pain
measurements were taken from the hand, and stimulation was
performed on the forearm and face, the distance from the WDR
neuron fields may explain the lack of pain reduction between
sites. Furthermore, tactile inputs tend to inhibit pain perception
segmentally but not when applied to different dermatomes (29),
as undertaken in the present study and further supporting the
lack of pain-reducing effects observed.

C-tactile favorable touch provides a non-verbal method of
communicating social support and results in reduced pain
sensitivity (18). In this study, CT-targeted and Ap-targeted
strokes were rated similarly. The hedonic tone, i.e., valence,
modulate pain which may explain a similar effect for both CT-
and AP-targeted touch in this study (4). However, the absence of
a social context in the delivered stimulation may account for the
absence of pain reduction between the velocities (17). It could
be considered that the environment created differs when the

stimulus lacks the characteristics that accompany human touch,
a factor previously inferred (5, 18).

A prolonged CT specific (24, 30) or non-specific (30) stimulus
result in a moderate decline in pleasantness ratings, over time.
However, in these studies testing was exclusively performed
on the forearm. This study reinforces these findings but adds
knowledge from the understudied facial region, suggesting that
the site may determine how a continuous stroking stimulus is
perceived over time.

The effect of time played a role in both pleasantness and
unpleasantness ratings when applied to the forearm. Continuous
stroking resulted in a significant decrease in pleasantness ratings
by the third minute and a significant increase in unpleasantness
ratings by the fourth minute. These changes were not identified
when the face was stroked. It could be speculated that the
emotional significance of the stroked region may determine
the change in perceptions. For example, the face could be
considered a highly emotional area and possibly more tolerant of
a continuous touch than a differing region, such as the forearm.
Nonetheless, the absence of social context in this study may
contribute to the findings in the stimulus delivery between sites.

The decrease in reward from repeated exposure, termed
satiety, has specifically been investigated for affective touch,
specifically on the forearm (31, 32). The affective value of
touch was found to decrease over time with an increase in
unpleasantness perception (31, 32). Such touch satiety was
suggested to be modulated by peripheral and cognitive factors,
e.g., boredom and/or the mechanisms linked to the relationship
between the subject and experimenter. When exactly the shift in
the perception paradigm occurs is still unclear. One factor that
may contribute to the uncertainty is the common use of a single
visual analog scale which encompasses differing perceptions, i.e.,
having endpoints that range from unpleasantness to pleasantness
(24, 30) (or vice versa). A suggestion for future studies would be
to utilize separate scales for each perception as this study has
shown, stimuli can encompass a variety of perceptions at the
same time.

It has recently been stated that the link between pleasantness
and CT afferent activation is still a hypothesized effect (33). The
current study indicates that CT afferent activation does not only
give rise to sensations of pleasantness but also other emotional
attributes which are not necessarily positive. Certainly, it has
previously been demonstrated that a CT favorable stimulus has
a multidimensional construct that includes both pleasant and
unpleasant sensations (4, 26, 34, 35). This aspect may have
been overlooked in previous studies investigating CT activation
and using single rating scales with endpoints of pleasantness to
unpleasantness (or vice versa). To the knowledge of the authors,
this has been demonstrated for the first time from a continuously
delivered stimulus in this study. It can only be hypothesized that
the dominating sensation may depend on the context within
which the stimulus is being delivered and/or the phenotype of
the individual (33).

It must not be overlooked that both cutaneous and
subcutaneous regions will contribute to the recorded changes
in PPTs (36). The reduction in PPTs observed from 2min
onward may have resulted from the repetitive measurements, and
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thereby repeated pressure, of the PPTs on a small muscle causing
sensitization of the overlying cutaneous and/or deeper located
nociceptors. To exclude part of this effect, and for consideration
in future studies, a control group could have been utilized with
a topical local anesthetic applied to the overlying skin (37). It
is interesting to note that the PPTs decreased significantly less
when stroking was applied to the face than when stroking was
applied to the forearm. As the continuous stimulation was rated
as no different in terms of pleasantness between the sites, and
from the lack of social context, any modulatory effect may more
likely be attributed to the difference in mechanistic processes, i.e.,
trigeminal vs. spinal mechanism, as has been reported in other
studies indicating heterotopic site differences for pain thresholds
(38-40) and the magnitude of endogenous pain inhibition (41).
In addition, differences in the density of tactile afferents that
innervate the skin may vary between the face and forearm
which may, in turn, contribute to the modulation in observed
PPTs (42-44).

LIMITATIONS

This study was associated with some limitations.

The RTS is a large robotic device that emits noise when
operating. This may have served to distract the participant from
the PPT, particularly when stroking was performed on the face
and, as a result, the RTS located closer to the ear and generating
a greater noise. However, we have previously demonstrated that
stroking by the RTS or by a human experimenter gives similar
pleasantness ratings (45). In addition, although the force and
velocity were controlled by the RTS, calibration was performed
on the position of the participants at the start of the experiment.
Any movements by the subject during the experiment may have
compromised those factors.

Due to time constraints, we were not able to recruit an equal
number of male and female participants, and investigation of
gender differences was therefore not possible. Since there is a
known difference in pain sensitivity between genders (46, 47),
it seems possible that there also is a gender difference in pain
modulation via pleasant touch. Regrettably, this could not be
addressed in this study.

Furthermore, the small sample size and narrow age range limit
the generalizability, particularly to the elderly population. The
PPT measurements were always coupled to a tactile stimulation
on either the forearm or the face. Hence, we do not know how
the PPTs may have developed over time in the absence of the
tactile stimulation, and therefore we do not know to what extent
the tactile stimulation reduced pressure pain sensitivity. These
factors should all be considered in future studies.

REFERENCES

1. Rhudy JL, Meagher MW. The role of emotion in pain modulation. Curr Opin
Psychiatry. (2001) 14:241-5. doi: 10.1097/00001504-200105000-00012

2. Roy M, Peretz I, Rainville P. Emotional valence contributes to music-
induced analgesia. Pain. (2008) 134:140-7. doi: 10.1016/j.pain.2007.
04.003

CONCLUSION

The threshold to mechanical pain reduced over time, potentially
occurring as a result of sensitization. However, this sensitization
was less prominent when the face was stroked compared to
the forearm and may attribute to the emotional relevance of
the facial region, or the processing of information via the
trigeminal pathways.

The pleasantness experienced from a continuous stroking
stimulus declined over time only on the forearm and not on
the face, suggesting that touch satiety may be region-specific and
potentially dependent on the emotional relevance and neuronal
pathways (i.e., trigeminal or spinal) involved.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Scientific Ethics Committees for Linkoping,
Sweden (2018/234-32) and the Scientific Ethics Committees
for Central Denmark Region (reference 1-10-72-312-16). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

PT, SS, LB-H, and HO contributed to the design of the
study. PT undertook data collection. PT, SS, LB-H, PS, and
HO contributed to data analysis. All authors contributed to
drafting of the manuscript. All authors have read and approved
the manuscript.

FUNDING

This study was supported by the Danish Dental Association,
Aarhus University Research Foundation, and Swedish Research
Council. All funding agencies provided funding for participant
compensation, payment for experimenters and costs toward use
of equipment and facilities.

ACKNOWLEDGMENTS

The authors gratefully acknowledge Saad Nagi for providing his
feedback on the manuscript of the study.

3. Villemure C, Slotnick BM, Bushnell MC. Effects of odors on pain perception:
deciphering the roles of emotion and attention. Pain. (2003) 106:101-
8. doi: 10.1016/S0304-3959(03)00297-5

4. Taneja P, Olausson H, Trulsson M, Vase L, Svensson P, Baad-Hansen
L. Modulation of experimental facial pain via somatosensory stimuli
targeting sensations of different valence. J Oral Rehabil. (2020) 47:720-
30. doi: 10.1111/JOOR.12963/v2/responsel

Frontiers in Pain Research | www.frontiersin.org

November 2021 | Volume 2 | Article 693987


https://doi.org/10.1097/00001504-200105000-00012
https://doi.org/10.1016/j.pain.2007.04.003
https://doi.org/10.1016/S0304-3959(03)00297-5
https://doi.org/10.1111/JOOR.12963/v2/response1
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles

Taneja et al.

Stroking on Satiety and Pain

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Vallbo AB. Olausson Hk, Wessberg J,

. Liljencrantz J, Strigo I, Ellingsen DM, Kramer H, Lundblad LC, Nagi SS, et al.

Slow brushing reduces heat pain in humans. Eur J Pain. (2017) 21:1173-
85. doi: 10.1002/ejp.1018

. Loken LS, Wessberg J, McGlone F. Olausson HJNn. Coding of pleasant

touch by unmyelinated afferents in humans. Nat Neurosci. (2009) 12:547-
8. doi: 10.1038/nn.2312

Norrsell U. A system of
mechanoreception in the
doi: 10.1016/0006-8993(93)9

unmyelinated afferents for innocuous
human skin. Brain Res. (1993) 628:301-4.
0968-S

. Vallbo A, Olausson H, Wessberg J. Unmyelinated afferents constitute a second

system coding tactile stimuli of the human hairy skin. ] Neurophysiol. (1999)
81:2753-63. doi: 10.1152/jn.1999.81.6.2753

. Olausson H, Wessberg ], McGlone F  Vallbo A, The
neurophysiology ~ of  unmyelinated  tactile  afferents. = Neurosci
Biobehav ~ Rev.  (2010)  34:185-91. doi:  10.1016/j.neubiorev.2008.
09.011

Gallace A, Spence C. The science of interpersonal touch: an overview. Neurosci
Biobehav Rev. (2010) 34:246-59. doi: 10.1016/j.neubiorev.2008.10.004
Nordin M. Low-threshold mechanoreceptive and nociceptive units with
unmyelinated (C) fibres in the human supraorbital nerve. J Physiol. (1990)
426:229. doi: 10.1113/jphysiol.1990.sp018135

Lu Y. Perl ER A specific inhibitory pathway between
substantia  gelatinosa neurons receiving direct C-fiber input. ]
Neurosci. ~ (2003)  23:8752-8.  doi:  10.1523/J]NEUROSCI.23-25-087
52.2003

Delfini M-C, Mantilleri A, Gaillard S, Hao ], Reynders A, Malapert P, et al.
TAFA4, a chemokine-like protein, modulates injury-induced mechanical
and chemical pain hypersensitivity in mice. Cell Rep. (2013) 5:378-
88. doi: 10.1016/j.celrep.2013.09.013

Case LK, Ceko M, Gracely JL, Richards EA, Olausson H, Bushnell MC. Touch
perception altered by chronic pain and by opioid blockade. eNenero. (2016).
3:ENEURO.0138-15.2016. doi: 10.1523/ENEURO.0138-15.2016

Ellingsen D-M, Wessberg ], Eikemo M, Liljencrantz ], Endestad T,
Olausson H, et al. Placebo improves pleasure and pain through opposite
modulation of sensory processing. Proc Nat Acad Sci USA. (2013) 110:17993-
8. doi: 10.1073/pnas.1305050110

Krahé C, Drabek MM, Paloyelis Y, Fotopoulou A. Affective touch and
attachment style modulate pain: a laser-evoked potentials study. Philos
Trans R Soc Lond B: Biol Sci. (2016) 371:20160009. doi: 10.1098/rstb.2016.
0009

Kirsch LP, Krahé C, Blom N, Crucianelli L, Moro V, Jenkinson PM,
et al. Reading the mind in the touch: neurophysiological specificity in the
communication of emotions by touch. Neuropsychologia. (2018) 116:136—
49. doi: 10.1016/j.neuropsychologia.2017.05.024

von Mohr M, Krahé C, Beck B, Fotopoulou A. The social buffering
of pain by affective touch: a laser-evoked potential study in romantic
couples. Soc Cogn Affect Neurosci. (2018) 13:1121-30. doi: 10.1093/scan/
nsy085

Taneja P, Olausson H, Trulsson M, Svensson P, Baad-Hansen L. Defining
pleasant touch stimuli: a systematic review and meta-analysis. Psychol Res.
(2019) 85:20-35. doi: 10.1007/s00426-019-01253-8

Wessberg J, Olausson H, Fernstrém KW, Vallbo AB. Receptive field properties
of unmyelinated tactile afferents in the human skin. J Neurophysiol. (2003)
89:1567-75. doi: 10.1152/jn.00256.2002

Otberg N, Richter H, Schaefer H, Blume-Peytavi U, Sterry W, Lademann
J. Variations of hair follicle size and distribution in different body
sites. ] Invest Dermatol. (2004) 122:14-9. doi: 10.1046/j.0022-202X.2003.2
2110.x

Jonsson EH, Bendas ], Weidner K, Wessberg J, Olausson H, Wasling
HB, et al. The relation between human hair follicle density and
touch perception. Sci Rep. (2017) 7:1-10. doi: 10.1038/s41598-017-0
2308-9

Bessou P, Burgess P, Perl E, Taylor C. Dynamic properties of
mechanoreceptors with unmyelinated (C) fibers. ] Neurophysiol. (1971)
34:116-31. doi: 10.1152/jn.1971.34.1.116

Sailer U, Triscoli C, Higgblad G, Hamilton P, Olausson H, Croy L
Temporal dynamics of brain activation during 40 minutes of pleasant

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44,

touch. J NeuroImage. (2016) 139:360-7. doi: 10.1016/j.neuroimage.2016.
06.031

Rolke R, Magerl W, Campbell KA, Schalber C, Caspari S, Birklein E et al.
Quantitative sensory testing: a comprehensive protocol for clinical trials. Eur
J Pain. (2006) 10:77-88. doi: 10.1016/j.ejpain.2005.02.003

Taneja P, Olausson H, Trulsson M, Vase L, Svensson P, Baad-Hansen L.
Assessment of experimental orofacial pain, pleasantness and unpleasantness
via standardized psychophysical testing. Eur ] Pain. (2019) 23:1297-
308. doi: 10.1002/ejp.1391

Habig K, Schénzer A, Schirner W, Lautenschliger G, Dassinger B, Olausson
H, et al. Low threshold unmyelinated mechanoafferents can modulate pain. J
BMC Neuro. (2017) 17:1-11. doi: 10.1186/s12883-017-0963-6

Le Bars D. The body receptive field of dorsal
multireceptive  neurones. ] Brain Res  Rev.  (2002)
44. doi: 10.1016/S0165-0173(02)00186-8

Mancini F Nash T, Iannetti GD, Haggard P. Pain relief by touch: a
quantitative approach. J Pain. (2014) 155:635-42. doi: 10.1016/j.pain.2013.
12.024

horn
40:29-

whole

Triscoli C, Croy I, Steudte-Schmiedgen S, Olausson H, Sailer
U. Heart rate variability is enhanced by long-lasting pleasant
touch at CT-optimized velocity. J Biol Psychol. (2017) 128:71-

81. doi: 10.1016/j.biopsycho.2017.07.007

Bendas J, Ree A, Pabel L, Sailer U, Croy I. Dynamics of affective habituation to
touch differ on the group and individual level. Neuroscience. (2020) 464:44-
52. doi: 10.1016/j.neuroscience.2020.12.024

Triscoli C, Ackerley R, Sailer U. Touch satiety: differential effects of stroking
velocity on liking and wanting touch over repetitions. PLoS ONE. (2014)
9:e113425. doi: 10.1371/journal.pone.0113425

Sailer U, Hausmann M, Croy I. Pleasantness only? Exp Psychol. (2020) 67:224-
36. doi: 10.1027/1618-3169/a000492

Taneja P, Krause-Hirsch C, Laursen S, Serensen CJ,
H, Svensson P, et al. Reliability of orofacial quantitative sensory

Olausson

testing for pleasantness and unpleasantness. Cephalalgia. (2020)
40:1191-201. doi: 10.1177/0333102420929700

Shaikh S, Nagi SS, McGlone F Mahns DA. Psychophysical
investigations into the role of low-threshold C fibres in non-

painful affective processing and pain modulation. PLoS ONE. (2015)
10:€0138299. doi: 10.1371/journal.pone.0138299

Jensen K, Andersen HQ, Olesen ], Lindblom U. Pressure-pain threshold in
human temporal region. Evaluation of a new pressure algometer. Pain. (1986)
25:313-23. doi: 10.1016/0304-3959(86)90235-6

Sjolund BH, Persson AL. Pressure pain threshold changes after
repeated mechano-nociceptive stimulation of the trapezius muscle:
possible influence of previous pain experience. ] Pain. (2007)

8:355-62. doi: 10.1016/j.jpain.2006.11.003

Graven-Nielsen T, Babenko V, Svensson P, Arendt-Nielsen L.
Experimentally induced muscle pain induces hypoalgesia in heterotopic
deep tissues, but not in homotopic deep tissues. Brain Res. (1998)
787:203-10. doi: 10.1016/S0006-8993(97)01480-7

Dunn JS, Mahns DA, Nagi SS. Modulation of muscle pain is not
somatotopically restricted: an experimental model using concurrent
hypertonic-normal saline infusions in humans. Front Pain Res. (2020)
1:601544. doi: 10.3389/fpain.2020.601544

Fillingim RB, Fillingim LA, Hollins M, Sigurdsson A, Maixner W.
Generalized vibrotactile allodynia in a patient with temporomandibular
disorder.  Pain.  (1998)  78:75-8.  doi:  10.1016/S0304-3959(98)0
0131-6

Rosén A, Feldreich A, Dabirian N, Ernberg M. Effect of heterotopic
noxious conditioning stimulation on electrical and pressure pain thresholds
in two different anatomical regions. Acta Odontol Scand. (2008) 66:181-
8. doi: 10.1080/00016350802169111

Barlow SM. Mechanical frequency detection thresholds in the human face.
Exp Neurol. (1987) 96:253-61. doi: 10.1016/0014-4886(87)90044-6

. Johansson RS, Trulsson M, Olsson K. Westberg K-G. Mechanoreceptor

activity from the human face and oral mucosa. Exp Brain Res. (1988) 72:204-
8. doi: 10.1007/BF00248518

Corniani G, Saal HP. Tactile innervation densities across the whole body. J
Neurophysiol. (2020) 124:1229-40. doi: 10.1152/jn.00313.2020

Frontiers in Pain Research | www.frontiersin.org

November 2021 | Volume 2 | Article 693987


https://doi.org/10.1002/ejp.1018
https://doi.org/10.1038/nn.2312
https://doi.org/10.1016/0006-8993(93)90968-S
https://doi.org/10.1152/jn.1999.81.6.2753
https://doi.org/10.1016/j.neubiorev.2008.09.011
https://doi.org/10.1016/j.neubiorev.2008.10.004
https://doi.org/10.1113/jphysiol.1990.sp018135
https://doi.org/10.1523/JNEUROSCI.23-25-08752.2003
https://doi.org/10.1016/j.celrep.2013.09.013
https://doi.org/10.1523/ENEURO.0138-15.2016
https://doi.org/10.1073/pnas.1305050110
https://doi.org/10.1098/rstb.2016.0009
https://doi.org/10.1016/j.neuropsychologia.2017.05.024
https://doi.org/10.1093/scan/nsy085
https://doi.org/10.1007/s00426-019-01253-8
https://doi.org/10.1152/jn.00256.2002
https://doi.org/10.1046/j.0022-202X.2003.22110.x
https://doi.org/10.1038/s41598-017-02308-9
https://doi.org/10.1152/jn.1971.34.1.116
https://doi.org/10.1016/j.neuroimage.2016.06.031
https://doi.org/10.1016/j.ejpain.2005.02.003
https://doi.org/10.1002/ejp.1391
https://doi.org/10.1186/s12883-017-0963-6
https://doi.org/10.1016/S0165-0173(02)00186-8
https://doi.org/10.1016/j.pain.2013.12.024
https://doi.org/10.1016/j.biopsycho.2017.07.007
https://doi.org/10.1016/j.neuroscience.2020.12.024
https://doi.org/10.1371/journal.pone.0113425
https://doi.org/10.1027/1618-3169/a000492
https://doi.org/10.1177/0333102420929700
https://doi.org/10.1371/journal.pone.0138299
https://doi.org/10.1016/0304-3959(86)90235-6
https://doi.org/10.1016/j.jpain.2006.11.003
https://doi.org/10.1016/S0006-8993(97)01480-7
https://doi.org/10.3389/fpain.2020.601544
https://doi.org/10.1016/S0304-3959(98)00131-6
https://doi.org/10.1080/00016350802169111
https://doi.org/10.1016/0014-4886(87)90044-6
https://doi.org/10.1007/BF00248518
https://doi.org/10.1152/jn.00313.2020
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles

Taneja et al.

Stroking on Satiety and Pain

45. Triscoli C, Olausson H, Sailer U, Ignell H. Croy I. CT-optimized skin stroking
delivered by hand or robot is comparable. Front Behav Neurosci. (2013)
7:208. doi: 10.3389/fnbeh.2013.00208

46. Dao TT, LeResche L. Gender differences in pain. J Orofac Pain. (2000).
14:169-84; discussion 184-95.

47. Greenspan JD, Craft RM, LeResche L, Arendt-Nielsen L, Berkley KJ, Fillingim
RB, et al. Studying sex and gender differences in pain and analgesia:
a consensus report. Pain. (2007) 132:526-45. doi: 10.1016/j.pain.2007.
10.014

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Taneja, Baad-Hansen, Shaikh, Svensson and Olausson. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pain Research | www.frontiersin.org

November 2021 | Volume 2 | Article 693987


https://doi.org/10.3389/fnbeh.2013.00208
https://doi.org/10.1016/j.pain.2007.10.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/pain-research#articles

	Robotic Stroking on the Face and Forearm: Touch Satiety and Effects on Mechanical Pain
	Introduction
	Materials and Methods
	Participants
	Pressure Pain Stimuli
	Tactile Stimuli
	Experimental Procedure

	Data and Statistical Analyses
	Results
	Pressure Pain Thresholds
	Pleasantness Ratings
	Unpleasantness Ratings

	Discussion
	Limitations
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


