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Caress-like touch is thought to rely on C-tactile (CT) fiber signaling. Here, the arousing and emotional effects of
CT-optimal touch were assessed via participants’ skin conductance level (SCL), facial electromyography (EMG)
responses and subjective ratings of pleasantness and intensity. Temporal facial EMG analysis was based on the
conduction velocity of CT-fibers.
45 healthy participants received CT-optimal touch, control touch and visual control input during 2-minute
trials.
CT optimal touch was significantly more pleasant and intense than control touch. In the initial 700 ms of
stimulation there was no difference in facial EMG responses to touch. Between 700 and 6300 ms there was a
significant reduction of corrugator activity in response to CT optimal touch only, possibly reflecting the affective
value of CT optimal touch. Based on the temporal dynamics of the reduced corrugator activity, we suggest that
CT fibers are involved in mediating a reduction in corrugator activity.

1. Introduction
Touch is one of several senses that we use to orient and interact with
the social and physical environment. Whereas the visual and auditory
systems allow us to observe and communicate at great distances, the
tactile components of our explorative and communicative system are
concerned with the immediate, close proximity of our surroundings
(Gallace & Spence, 2010). Tactile research has predominantly focused
on the sensory-discriminatory aspects of touch (McGlone, Wessberg, &
Olausson, 2014), mediated by fast-conducting, large diameter Aβ fibers
(Abraira & Ginty, 2013). However, Olausson et al. (2008); Olausson,
Wessberg, McGlone, & Vallbo, 2010) argue that humans have a tactile
system working in parallel with the sensory-discriminatory system. This
system appears to be related to the social and affective aspects of touch,
subserving aspects of human interoception and well-being. Parts of this
signaling is thought to be mediated by a group of C-afferent fibers
(McGlone et al., 2014).
C-tactile (CT) fibers are afferent, unmyelinated skin receptors that
typically respond to stimuli similar to a light, stroking touch (Ackerley,
Wasling et al., 2014), and were first described in humans by Johansson,
Trulsson, Olsson, and Westberg (1988). CT afferents exhibit an
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apparent velocity dependent firing frequency which also coincides with
subjective pleasantness ratings in healthy humans (Ackerley, Wasling
et al., 2014; Löken, Wessberg, McGlone, & Olausson, 2009). The preferred velocity seems to reside between 1 and 10 cm/sec, giving rise to
an inverted “U”, with lower CT-afferent firing and lower pleasantness
ratings at slower and faster stroking velocities (Ackerley, Wasling et al.,
2014; Löken et al., 2009). However, recent evidence suggests that different subjective evaluations of touch responses, such as intensity ratings, are not in the same way velocity specific (Jonsson et al., 2015;
Luong, Bendas, Etzi, Olausson, & Croy, 2017), and were more resilient
to change in the presence of disgusting odor than pleasantness ratings
(Croy, Angelo, & Olausson, 2014). Moreover, whereas subjective pleasantness decreases with repeated stimulation, intensity does not
(Triscoli, Croy, Steudte-Schmiedgen et al., 2017). Thus, pleasantness
and intensity ratings of tactile stimulation appear to account for different parts of the subjective experience.
Explicit subjective reports however, require a conscious evaluation
of the stimulus (Cohen, Moyal, Lichtenstein-Vidne, & Henik, 2016),
which may not capture all aspects of the response (Nisbett & Wilson,
1977). Moreover, subjective reports are constructed appraisals based on
several processes, such as recollection, and thus, represent selected
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fragments in a series of processes that ultimately form an experience
(Cowen & Keltner, 2017). Therefore, collecting involuntary (‘implicit’),
physiological measures may complement our current understanding of
affective responses (Strack & Deutsch, 2004). It has been previously
shown that changes in peripheral physiology and/or behavior can
capture affective reactions that do not manifest as changes in conscious
emotional experiences e.g.,(Öhman & Soares, 1998; Quirin, Kazen,
Rohrmann, & Kuhl, 2009; Winkielman & Berridge, 2004; Zajonc, 2000).
Thus, self-reports might not capture responses that do not make it to
consciousness. Alternative measures are also important in situations
where speech is limited (such as in infants), and an increased understanding of physiological responses signaling positive or negative affect
in this population may have important clinical implications (Hartley
et al., 2015).
As a measure of implicit responses, facial electromyography (EMG)
has been used reliably in the field of psychology to distinguish between
negative and positive emotional responses (Dimberg, 1982). Studies of
facial EMG responses to visual (Lang, Greenwald, Bradley, & Hamm,
1993), olfactory (Joussain, Ferdenzi, Djordjevic, & Bensafi, 2017) and
gustatory (Horio, 2003) stimuli have all reported that negative stimuli
increase, whereas positive stimuli can decrease, responses of the corrugator supercilii (“frown”) muscle. Furthermore, studies also report an
increased zygomaticus major response (“smile”) to positive stimuli
(Bradley & Lang, 2000; Lang et al., 1993; Larsen, Norris, & Cacioppo,
2003). Recently, Pawling, Cannon et al. (2017) investigated CT targeted
touch responses using facial EMG and reported an increase in the zygomaticus major muscle during CT targeted touch to the hairy skin, but
not the glabrous skin of the palms. Importantly, the difference in facial
EMG activity was not mirrored by a difference in pleasantness ratings.
The authors propose that the facial EMG response is indicative of an
implicit emotional response to CT targeted touch and that facial EMG
may be a more sensitive measure of affective responses induced by CT
targeted touch than subjective reports (Pawling, Cannon et al., 2017).
Affective stimuli are also often accompanied by responses of the
autonomic nervous system (ANS), which are assumed to reflect the
arousal dimension of emotions (Braithwaite, Watson, Jones, & Rowe,
2013). Electrodermal activity (EDA) is commonly used as a measure of
ANS activity. Typically, EDA is higher when viewing pleasant and unpleasant pictures in contrast to neutral pictures, which is interpreted as
evidence that ANS responses correspond to emotional arousal (Lang
et al., 1993). EDA may be broadly defined into phasic skin conductance
responses (SCRs) and tonic skin conductance level (SCL), thought to
reflect rapid and slower changes in autonomic arousal, respectively
(Boucsein et al., 2012). Previous EDA studies have consistently demonstrated sympathetically mediated responses to discrete auditory
(Bradley & Lang, 2000), visual (Bradley, Codispoti, Cuthbert, & Lang,
2001) and olfactory (Bensafi et al., 2002) stimuli. Moreover, it is
maintained by Boucsein (2012) that EDA measures are preferred over
cardiac measures when investigating responses that are primarily of
lower arousal, although tactile stimuli have been reported to affect
other autonomic measures previously [see for instance Fairhurst,
Löken, and Grossmann, (2014); Pawling, Trotter et al. (2017); Triscoli,
Croy, Olausson et al., 2017; Triscoli, Croy, Steudte-Schmiedgen et al.,
2017].
The few studies which have investigated EDA responses to CT-targeted touch report greater SCRs for fast touch (30 cm/s) compared to
CT targeted touch (3 cm/s) (Greco et al., 2015; Pawling, Cannon et al.,
2017). Olausson et al. (2008) reported a distinct SCR to CT targeted
touch, in both normal adults and in two rare neuronopathy patients
without normal functioning Aβ-afferents. According to the authors, this
suggests an important role of CT mediated touch in influencing the ANS
(Olausson et al., 2008). Although higher SCL in response to touch
compared to non-CT targeted tapping has been reported (Etzi, Carta,
and Gallace, (2017), the authors were unable to conclude as to whether
the higher arousal was due to the type of touch or the different stimulation time. To our knowledge, previous studies investigating CT

targeted touch and EDA responses have not compared very slow touch
to CT targeted touch over a fixed interval, thereby controlling for stimulation time. The present study aimed to investigate the effects of
stroking on the slower responding SCL, allowing for equal amount of
stimulation time between CT targeted touch and control touch.
In the present study, subjective ratings of pleasantness and intensity,
as well as both facial EMG and SCL data were collected with an aim to
obtain a more complete picture of the physiological and affective impact of CT-targeted touch. In addition, we took advantage of the high
temporal resolution of facial EMG to investigate the temporal dynamics
of Aβ- and CT afferent input. More precisely, Ackerley, Eriksson, and
Wessberg, (2013) reported an ultra-late ERP in response to CT targeted
touch to the forearm that did not reach the cortex until approximately
700 ms after stroking began. Microneurography studies indicate that
the conduction velocity of CT afferents varies between 0.6 and 1.3 m
s−1 (Olausson et al., 2010; Watkins et al., 2017), which is distinctly
slower than the large diameter, fast conducting Aβ fibers (Abraira &
Ginty, 2013; Olausson et al., 2010). Therefore, one would expect a
time-lag of approximately 700 ms before the facial EMG responses
following CT afferent input from the arm become evident. In the present study, facial EMG responses during the first 700 ms of CT-targeted
stimulation were analyzed separately from the following intervals, to
differentiate between responses due to mainly Aβ-activation, and responses due to both CT- and Aβ-activation. Moreover, we assessed the
relationship between facial EMG and EDA responses to CT optimal
touch, control touch and visual input and subjective ratings of pleasantness and intensity. By exposing the participants to several twominute trials of sensory stimulation, we aimed to investigate not only
the initial responses to touch and visual input but also how the participants responded over prolonged stimulation.
Thus, our aims were threefold. Firstly, we expected to reproduce
previous findings related to touch and subjective ratings, in which CT
targeted touch (3 cm/sec) to the hairy skin of the forearm is rated as
more pleasant and intense than control touch (0.3 cm/sec). Moreover,
we wanted to extend these findings by using a non-tactile visual control
condition. Secondly, we wanted to examine to what extent explicit
subjective ratings of pleasantness and intensity correspond to implicit
physiological measures of affect and arousal. To this end, we hypothesized that CT targeted touch would lead to an overall reduction in
corrugator activity and increase in zygomaticus activity, compared to
control touch and visual control condition. Based on the reported different conduction velocities of Aβ-afferent input and CT afferent input
(Abraira & Ginty, 2013; Ackerley et al., 2013; Watkins et al., 2017), we
expected these differences to be evident only after 700 ms of touch.
Thirdly, the SCL to repeated tactile and non-tactile stimuli was explored.
2. Methods
2.1. General procedure
The study had a within-subjects design with 1 factor (sensory stimulus) and 3 levels (CT optimal touch, control touch and visual control
condition). The a priori sample size estimation was calculated using the
program PANGEA [Power Analysis for General Anova Designs]
(Westfall, 2016). 45 participants were deemed necessary for a statistical
power of 0.8 and a medium effect size of d = 0.45. 45 healthy people
were recruited by announcements in various academic institutions in
Oslo. One participant was removed from the study due to an acute bout
of rheumatoid arthritis affecting the left wrist in particular. One participant showed signs of clinical depression [Beck Depression Inventory–II; score 36 (Beck, Steer, & Brown, 1996)], however, her mean
pleasantness ratings and facial EMG activity levels were within the
group mean ± 1 standard deviation and the participant was therefore
included in the study. Thus, data from a total of 27 women and 17 men
were included in the study (see Table 1). The study was approved by the
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other. Control touch was delivered at 0.3 cm/s in a similar manner. The
experimenter was trained to deliver the stimulation with appropriate
force and velocity and was guided by a visual meter displayed to the
experimenter only. The visual stimulation consisted of 2 min of colorful
patterns moving at various speeds on the computer screen and was
edited from 6 movies purchased from Shutterstock (Shutterstock Inc;
New York, USA). Following each type of sensory stimulation, the participants rated the pleasantness and intensity of the stimulation on two
visual analogue scales (VAS) anchored by “Very pleasant/very unpleasant” and Very intense/not intense”. The minimum and maximum
scores of the scale were coded as “-10” and “+10” (see Fig. 2).
Additionally, the participants were exposed once to 2 min of pink
noise and a custom made questionnaire that contained random questions pertaining to dietary preferences, facial attractiveness and how
one would spend an imaginary lottery win. This served to further
consolidate the impression that the aim of the study was to investigate
the response to various types of sensory stimuli. The auditory data
served as baseline for the skin conductance level investigations.
Following CT optimal touch, control touch and visual stimulation
(but after VAS ratings), the participants performed an economic task
[reported in Rosenberger, Ree, Eisenegger, and Sailer, (2018)] and
rated different videos (data not reported here). At the end of the experiment, the participants were debriefed about the main purpose of
the study, completed a set of questionnaires and were offered a selection of different gift vouchers as reimbursement for participating in the
study (approximate value 200 NOK).

Table 1
Demographic overview of age and BDI-II scores with standard deviation.
Measure

Women (N = 27)

Men (N = 17)

Total (N = 44)

Age
BDI-II

24.3 ± 6.3
9.37 ± 7.8

25.9 ± 4.9
9.35 ± 6.5

24.9 ± 5.7
9.36 ± 7.2

local ethical committee at the Department of Psychology, University of
Oslo and the participants gave written consent.
The participants were instructed that the main purpose of the study
was to investigate if and how various forms of sensory input could affect decision making and perceptions of various sensations. They were
asked to rate the experience of different sensory stimuli and film clips
using both computerized questionnaires and visual analogue scales
(VAS).
Participants were equipped with facial EMG and EDA electrodes
(see below for details). The participants were told that the electrodes
would record muscle and sweat activity, to prevent the conscious and
unconscious desire to frown and smile during the experiment. The
participants were seated in front of a computer screen with the left arm
placed on an inflatable cushion that was adjusted to their comfort. The
participants were restricted from watching the researcher and their own
arm during the experiment by wearing a custom-made cap which limited lateral view (see Fig. 1). This was to ensure that the tactile stimuli
were not facilitated by visual input (Tipper et al., 1998), and to reduce
the influence of other contextual factors that may influence hedonic
responses, such as the (expectation of) facial feedback from the experimenter (Jäncke & Kaufmann, 1994). After completing the practice
trials, they were equipped with a set of headphones which were worn
throughout the experiment (AKG, K 271 MkII). As recommended by
Boucsein et al. (2012), we ensured the electrodes were placed on the
skin at least 5–10 minutes before the actual data collection started.
Three different types of sensory stimulation were investigated: CToptimal touch, control touch, and visual stimulation. The trials lasted
two minutes and each stimulus type was presented twice, thus totaling
6 trials per participant. The order of conditions and repetitions was
pseudorandomized across participants.
CT-optimal touch was delivered during two minutes in a proximaldistal direction to the left forearm at a speed of 3 cm/s and an approximate force of 0.4 N using a cosmetic brush made from goats’ hair.
To reduce the possibility of CT-fiber fatigue (Vallbo, Olausson, &
Wessberg, 1999; Wessberg, Olausson, Fernstrom, & Vallbo, 2003), the
experimenter alternated the stroking between two equally large parts of
the forearm which were in a distance of approximately 5 cm from each

2.2. Psychophysiology
The BioPac MP150 Nomadix wireless system (BioPac Systems Inc,
Ca, USA) was used to collect facial EMG and EDA responses. Data were
sampled at 1000 kHz and recorded using AcqKnowledge software
(version 4.4, BioPac Systems Inc, Ca, USA). Stimulus presentation and
timing were controlled using E-Prime 2.0 (Psychology Software Tools,
Pittsburgh, PA).
2.3. Electromyography
Facial EMG was recorded using 4 mm Ag/AgCl surface click electrodes with disposable adhesive caps (BioPac Inc, Add204), which were
filled with electrode gel (BioPac SignaGel 100). The participants were
seated in a chair and electrodes were positioned over the Mm corrugator
supercilii and zygomaticus major of the left side of the face, as described
by Fridlund and Cacioppo (1986) and Tassinary, Cacioppo, and
Vanman (2007). Prior to the start of the study, the participants were
instructed to actively frown, lift the eyebrows, blink, smile and clench
their teeth whilst the signal was checked. The reference electrode was
placed centrally on the participant’s forehead. Impedance was kept
below 10 kΩ and checked using the EL−CHECK (BioPac Inc, Ca USA).
If the impedance exceeded 10 kΩ, the area under the electrodes was
cleaned again and the electrodes readjusted.
2.4. Electrodermal activity
EDA activity was recorded using the BioPac wireless direct current
set-up, including 2x BioPac Lead 110 A and 2x EL-507 disposable selfadhesive click electrodes, which were lubricated with gel (BioPac
SignaGel 100) and taped to the palmar surface of the middle phalanges
of the 3rd and 4th fingers of the left hand. The skin was cleaned using
water or alcohol if required. If alcohol was used, the fingers were
cleansed with water afterwards. The equipment was then calibrated
according to procedures described by BioPac (AcqKnowledge (4.4),
2018).

Fig. 1. Overview of experimental set-up. Tactile stimulation was delivered for
2 min using a paint brush. The visual control was presented on a computer
screen in front of the participant. A custom-made hat limited lateral view and
contact between the experimenter and participants.
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Fig. 2. Overview of experimental set-up. The order of trials was pseudo-randomized across participants. Facial EMG and skin conductance level were analyzed
continuously during the 2 min trial. Specific investigation into the facial EMG pattern of the initial 6300 ms was analyzed to separate responses containing primarily
Aβ fiber input from responses containing both C tactile fiber and Aβ fiber input. The participants rated the pleasantness and intensity following each trial on a visual
analogue scale (-10 + 10).

2.5.2. EDA data
The data were filtered offline using a high pass filter (0.05 Hz).
Next, mean skin conductance level (SCL) during the two-minute period
was computed for each participant and condition. Then, phasic skin
conductance responses (SCRs) were identified from the initial 8 s and 5
other specifically selected 8 s periods from the same condition, using a
threshold of 0.01 μS. These time periods coincided with the onset of the
tactile and visual input and to changes in the visual background and
were removed to account for the orienting response (Bradley et al.,
2001). To this end, we used the BioPac event-related analysis routine.
To obtain a measure of mean SCL, the phasic mean SCR was subtracted
from the tonic SCL of the same condition. The two minutes of pink noise
served as baseline. Thus, mean SCL equals ((tonic SCL-phasic SCR) baseline)), as recommended by Braithwaite et al. (2013). One participant had a major artifact during one of the visual trials and this was
replaced by activity from the other visual trial.

2.5. Data processing
2.5.1. Facial EMG
The facial EMG signals were amplified 5000x, submitted to a
10–500 Hz band pass filtering, and digitized at 1000 Hz. Offline,
AcqKnowledge software was used to apply a 50 Hz comb band stop
filter to remove power line interference and a 50 Hz FIR high pass filter
to remove electrocardiogram artifacts (Mayo, Linde, Olausson, Heilig, &
Morrison, 2018; Zhou, Lock, & Kuiken, 2007). Filtered signals were
then rectified and integrated over 20 ms, and the resulting data were
used in the analysis. The baseline was designated as the 1 s immediately
preceding the onset of each type of sensory stimulation (see Fig. 2). If
the baseline was found to be contaminated by artifacts by visual inspection, the contaminated baseline was replaced by the baseline from
the next trial. An average of 8.9% of baselines were contaminated. The
facial EMG activity was then analyzed in three separate analyses. First,
the mean muscle activity across the two minutes of stimulation was
computed for the corrugator and zygomaticus muscles before subtracting the respective baseline. Thus, the variables “Mean Corrugator
Activity” and “Mean Zygomaticus Activity” represent mean change in
muscle activity from baseline across the two minute period.
Second, the first 6300 ms (corresponding to ∼2 strokes) of these
two minutes were also analyzed by subtracting the baseline designated
as the 1 s preceding the start of each trial from the 6300 ms section. The
variables “Initial Corrugator Activity” and “Initial Zygomaticus
Activity” represent mean activity during these initial 6300 ms of activity.
Third, the first 6300 ms of the two-minute period were further divided into 9 consecutive intervals of 700 ms activity (see Fig. 2). Here,
the same baseline (1 s) immediately preceding the start of the trial was
subtracted from the activity of each of the 9 intervals. Using an interval
of 700 ms is based on the findings of Ackerley et al. (2013) who investigated CT mediated activity in EEG potentials and reported a
700 ms lag from stroke onset until the proposed CT mediated input
reached the cortex. This interval is also supported by nerve conduction
studies using microneurography recordings (Olausson et al., 2010;
Watkins et al., 2017). The first intervals (1–5) were used to include the
time-window of 3.1 s applied by Ackerley et al. (2013). The latter intervals (6–9) include the completion of a full second brush stroke and
were used to explore the possibility of CT-fiber fatigue, as described by
Vallbo et al. (1999). Thus, a 700 ms time-window was chosen to investigate tactile sensory input predominantly reflecting Aβ input (initial
700 ms) and activity containing Aβ and CT-fiber input (post 700 ms).
“Interval 1” represents the period between 0-700 ms, “interval 2”, represents the period between 700–1400 ms and so forth until “interval
9”, which refers to the period between 5600–6300 ms.

2.6. Data analysis
Following visual inspection of the facial EMG and EDA data, values
exceeding the upper quartile plus the threefold interquartile range
(IQR) and values less than the lower quartile minus the threefold IQR
were defined as outliers and deleted from the dataset. The total amount
of data removal was 2–13%, with least removal for SCL data and most
for zygomaticus data. The raw facial EMG and EDA files from two
participants were corrupted due to technical issues and could not be
included in the analysis. One participant showed no noticeable phasic
or tonic changes in EDA levels and was removed from further analysis.
This is slightly less than the typical reported 10% of the population
(Braithwaite et al., 2013). Two subjects accidentally detached the
corrugator electrodes whilst scratching the foreheads and the signal was
subsequently too noisy. Consequently, data from 41 participants were
used for EDA analysis and the facial EMG analysis was based on responses from 42 and 40 participants for zygomaticus and corrugator
activity, respectively.
The data were analyzed using linear mixed models in the generalized linear mixed model option in SPSS version 24.0 (IBM Corp., NY,
USA). Residuals were plotted and inspected for normality. Bayesian
Information Criteria (BIC) was used to determine the optimal model, as
described by Bolker et al. (2009). A parsimonious model using random
intercept and random slope was used in all analyses, using the Satterthwaite approximation of the degrees of freedom. The random covariance type refers to the covariance structure of the residuals in the
statistical model (West, Welch, & Galecki, 2014). In the present study,
we assumed that the tactile and visual conditions would demonstrate
equal variance. Based on these assumptions and an improvement in BIC
value (Bolker et al., 2009), scaled identity was used as the random
covariance type.
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Dependent variables were the trial-wise subjective ratings of pleasantness and intensity, mean skin conductance level during the 2-min
trial, and mean corrugator and zygomaticus activity. Separate analyses
were run for each dependent variable. Additionally, three different
analyses of mean facial EMG activity were run: 1) during the entire 2mintrial, 2) during the initial 6300 ms of this 2-min trial, and 3) during
nine consecutive 700 ms-intervals within those 6300 ms. The latter
analysis of 700 ms intervals was performed in order to disentangle facial EMG activity due to mainly Aβ-activation from that due to Aβ and
CT-activation. Here, sensory stimulus (levels: CT-optimal and control)
and interval (levels: 1–9) served as fixed factors. Interactions were
followed up with Bonferroni-corrected pairwise contrasts.
For all other analyses, sensory stimulus (levels: CT-optimal, control,
visual) served as fixed factor. In all analyses, subject served as random
intercept and random slope was modelled around sensory stimulus
(levels: CT-optimal, control, visual).
Significant main effects were followed up with pair-wise contrasts.
Effect sizes were calculated as described by Edwards, Muller, Wolfinger,
Qaqish, and Schabenberger, (2008), which may be interpreted as follows: 0.02 = “small semi-partial r2”; 0.13 = “medium semi-partial r2”;
0.26 = “large semi-partial r2”(Page-Gould, 2016).

there was a significant main effect of stimulus type on mean corrugator
activity, (F (2, 122) = 4.242, p = 0.017, see Fig. 4, left) such that CT
optimal touch was associated with significantly less corrugator activity
(-0.085 ± 0.723 mV) than control touch (0.111 ± 0.625 μV, pairwise
contrast p = 0.020) and marginally non-significantly less activity
compared to visual stimulation, (0.057 ± 0.747 μV, pairwise contrast
p = 0.062) [semi-partial r2 = 0.07].
A specific analysis pertaining to tactile responses and the conduction velocity of Aβ and CT fibers were conducted for CT optimal touch
and control touch only. There was a significant main effect of stimulus
type on mean corrugator activity (F (1, 83) = 9.723, p = 0.002), such
that CT optimal touch was associated with significantly less corrugator
activity than control touch [semi-partial r2 = 0.11]. There was, however, no main effect of interval (F (8, 1239) = 0.254, p = 0.980) [semipartial r2 = 0.01], nor any stimulus type*interval interaction (F (8,
1239) = 1.328, p = 0.225) [semi-partial r2 = 0.01]. When investigating the temporal dynamics in 700 ms intervals of activity, the
corrugator activity in the initial 700 ms in response to CT optimal touch
and control touch was similar (−0.031 ± 0.60 μV and
−0.017 ± 0.49 μV, pbonf = 0.982). Over the next 5 intervals, corrugator activity in response to CT optimal touch decreased gradually,
whereas it gradually increased in response to control touch [See Fig. 4,
right]: during interval 2, the corrugator activity was marginally lower
for CT optimal touch than control touch (pbon = 0.071). During intervals 3, 5, 6, 7 and 8, the corrugator activity was significantly lower
during CT optimal touch than during control touch (pbon < 0.034).

3. Results
3.1. Pleasantness and intensity ratings
There was a significant main effect of stimulus type on pleasantness
ratings (F (2, 162) = 8.418, p = 0.001), [semi-partial r2 = 0.09]. CT optimal
touch
was
rated
as
significantly
more
pleasant
(Mean ± SD = 4.6 ± 4.2) than control touch (Mean ± SD = 2.2 ± 4.1,
pairwise contrast p = 0.001), but not significantly more pleasant than visual stimulation (Mean ± SD = 3.6 ± 3.2, pairwise contrast p = 0.096,
see Fig. 3). The intensity of all types of stimuli was generally rated as low, as
negative values indicate ratings close to the anchor “not intense”. There was
a significant main effect of stimulus type on intensity ratings (F (2,
165) = 3.536, p = 0.031), [semi-partial r2 = 0.04]. CT optimal touch was
rated as significantly more intense (Mean ± SD = -2.0 ± 5.0) than control touch (Mean ± SD -3.9 ± 4.6, pairwise contrast p = 0.026), but not
significantly more intense than visual stimulation (Mean ± SD =
-2.8 ± 4.5, pairwise contrast p = 0.264).

3.2.2. Zygomaticus
There was no significant main effect of stimulus type zygomaticus
activity across the full two-minute period (F (2, 203) = 1.464,
p = 0.233) [semi-partial r2 = 0.01]. When investigating the initial
6300 ms of sensory stimulation, there was no significant main effect of
sensory stimulus (F (2, 110) = 2.137, p = 0.123) [semi-partial
r2 = 0.04]. A specific analysis pertaining to tactile responses and the
conduction velocity of Aβ and CT fibers were conducted for CT optimal
touch and control touch only. There was no significant main effect of
stimulus type on mean zygomaticus activity (F (1, 82) = 0.897,
p = 0.346) [semi-partial r2 = 0.01], nor a significant main effect of
interval (F (8, 1245) = 0.536, p = 0.830) [semi-partial r2 = 0.01].
There was no stimulus type*interval interaction (F (8, 1244) = 1.212,
p = 0.288) [semi-partial r2 = 0.01], see Fig. 5, right.

3.2. Facial EMG

3.3. Skin conductance level

3.2.1. Corrugator
There was no significant difference in mean corrugator activity in
response to CT optimal touch, control touch, and visual stimulation (F
(2, 200) = 1.462, p = 0.234) over the two-minute blocks [semi-partial
r2 = 0.01]. However, during the initial 6300 ms of sensory stimulation,

The skin conductance level was somewhat higher for CT optimal
touch compared to control touch and visual input, however, the differences did not reach statistical significance (F (2, 191) = 1.896,
p = 0.153, see Fig. 6), [semi-partial r2 = 0.02].

Fig. 3. Mean pleasantness (left) and intensity (right) ratings with SEM after receiving two minutes of CT optimal touch (3 cm/sec), control touch (0.3 cm/sec) and
visual sensory stimulation. As expected, CT optimal touch was rated significantly more pleasant and intense than control touch, however, CT optimal touch was not
rated significantly more pleasant or intense than watching two minutes of geometrical objects moving at various speeds (visual condition).
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Fig. 4. Mean corrugator activity with SEM (left) measured during the initial 6300 ms of stimulation onset. CT optimal touch led to significantly less corrugator
activity compared to control touch. Right: Mean corrugator activity with SEM during the initial 6300 ms of activity split into intervals of 700 ms.

4. Discussion
This study investigated physiological responses and their temporal
dynamics during CT optimal touch, control touch and visual stimulation using facial electromyography (EMG) and skin conductance level
(SCL). We demonstrate that CT optimal touch (3 cm/second) administered over two minutes is more pleasant and intense than slow, control
touch (0.3 cm/second), as measured by self-report. While we found no
differences between pleasant and control touch-related facial EMG and
SCL responses over the 2-minute stimulation periods, there was a significant reduction in corrugator (frowning) activity during the first CT
optimal strokes.
The findings from the present study are in line with previous findings (Ackerley, Carlsson et al., 2014; Crucianelli, Metcalf, Fotopoulou,
& Jenkinson, 2013; Essick et al., 2010; Triscoli, Olausson, Sailer, Ignell,
& Croy, 2013) in which CT optimal touch (3 cm/sec) delivered by brush
to the hairy skin of the forearm was rated significantly more pleasant
than slow control touch (0.3 cm/sec). As such, the results provide further support of a velocity specificity in pleasantness ratings of tactile
stimuli, first described by Löken et al. (2009). Additionally, the intensity ratings were significantly higher for CT optimal touch than
control touch, which has previously been reported by Triscoli et al.
(2013). However, there appears to be less agreement as to how velocity
affects the perceived intensity of the stimulus. Etzi et al. (2017) recently
reported higher intensity ratings in response to fast touch (30 cm/s)
than CT-targeted touch (3 cm/s), whereas Luong et al. (2017) found no
effect of velocity on intensity ratings. McGlone et al. (2012) reported
higher intensity ratings in response to active touch than static pressure
applied to the palm, however, there were no differences in intensity

Fig. 6. Mean SCL with SEM measured over a period of two minutes during
touch delivered at 3 cm/sec (CT optimal touch), 0.3 cm/sec (control touch) and
visual stimulation.

ratings following active touch (slow versus fast). Thus, whereas pleasantness ratings appear to be consistently linked to the velocity of the
stroke, the intensity ratings appear to be linked to other features of the
strokes, possibly reflecting the level of indentation of the skin, or the
perceived roughness of the stroke. Furthermore, an interesting novel
finding from the present study is that CT optimal touch delivered for
two minutes was considered just a fraction more pleasant and no more
intense than merely watching a computer screen displaying colorful
objects moving at different speeds. It is difficult to ascertain the implications of this, but it is conceivable that the pleasantness of CT targeted touch reported elsewhere has been given undue recognition,
being driven perhaps more by the relative discomfort of the very slow
touch (0.3 cm/sec) or the seemingly non-social characteristics of the

Fig. 5. Mean corrugator activity (left) showing a gradual decrease in corrugator activity in response to CT optimal touch evident after the initial 700 ms (interval 1).
Right: Mean zygomaticus activity. There appears to be no difference in zygomaticus activity related to Aβ and CT fiber input in response to CT optimal touch and
control touch.
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very fast touch (30 cm/sec).
The higher pleasantness ratings for CT optimal touch compared to
control touch were paralleled by a significant difference in corrugator
activity during the initial 6300 ms of stroking. Notably, CT optimal
touch led to a reduction, and control touch to an increase in corrugator
activity during this interval. The increase in corrugator reactivity in
response to control touch is consistent with an increase in negative
affect, while the reduction in corrugator activity elicited by CT optimal
touch might suggest a reduction in negative affect. To our knowledge,
this is the first study reporting a velocity-specific difference in corrugator activity that compares CT optimal touch (3 cm/s) to very slow
touch (0.3 cm/s). Our study is consistent with a recent study who found
increased corrugator activity in response to fast touch (30 cm/s) compared to CT targeted touch [3 cm/s] (Mayo et al., 2018). Thus, it appears as if the initial physiological responses of the corrugator muscle to
CT optimal touch and control touch are more consistent with the subjective reports provided by the participants after the completion of the
two minute trials, than the physiological responses measured across the
entire two minute trials. Therefore, facial EMG is more suitable to
capture the early responses to a tactile stimulus than an ongoing evaluative process. Facial EMG recordings of the corrugator in particular
may complement our understanding of how a tactile stimulus is perceived. Judging by the results from the present study, facial EMG offers
small “snapshots” of the participants’ implicit responses to tactile stimuli.
Importantly, the corrugator did not respond differently to CT optimal touch or control touch during the initial 700 ms or the full twominute period of CT-optimal stroking. After the initial 700 ms and
throughout the duration of the first CT optimal stroke across the skin,
(see Fig. 4, right), corrugator activity decreased with CT optimal touch,
but increased somewhat in the control touch condition. It is impossible
to distinguish between afferent input derived exclusively from Aβ fibers
and that derived from CT fibers in healthy individuals. However, the
conduction velocity of the CT fibers is much slower than Aβ signaling
(Watkins et al., 2017), consistent with a previously reported ultralate
EEG potential in response to CT targeted touch (Ackerley et al., 2013),
as well as with the temporal pattern of corrugator facial EMG activity
reported here. We therefore tentatively propose that the facial EMG
signal from CT touch is primarily driven by Aβ-fibers for the first
700 ms, and that the decreased corrugator signal observed after this
time interval may be due to gradually increasing activation of the CT
fibers on the forearm. Alternatively, it may be that the higher pleasantness of the CT optimal touch gradually increased over the first few
seconds of the 2-minute block, and that the pleasantness led to a reduction of the corrugator activity.
Contrary to previous results, we did not find that the positive affective response to CT targeted touch was reflected in activation of the
zygomaticus muscle (Pawling, Cannon et al., 2017). The inconsistent
results between the findings from the present study and that reported
by Pawling, Cannon, et al. (2017) may be due to methodological differences. The present study used 2-minute stimulation blocks of CT
targeted (3 cm/sec) and very slow control touch (0.3 cm/sec), whereas
Pawling, Cannon, et al. (2017) compared CT targeted touch (3 cm/sec)
and fast control touch (30 cm/sec). Alternatively, there appears to be a
greater element of the participants being observed in the experimental
set-up implemented by Pawling, Cannon, et al. (2017). This may have
differentially affected the urge to smile as a means of communication in
the two studies.
In the present study, communication between the researcher and
the participants was kept to an absolute minimum and a custom-made
hat was used to restrict the participants from viewing the researcher
during the study. In contrast, the experimental set-up in the study by
Pawling, Cannon et al. (2017) seemed to allow more interaction between the participants and the researchers. Previous research has
shown that facial expressions (measured with EMG) to odors are enhanced when participants are observed by other persons (Jäncke &

Kaufmann, 1994). This may also apply to the participants in the study
by Pawling, Cannon et al. (2017). Their participants may have had a
greater inclination to communicate signs of appreciation than the
participants in the present study. This has some support by findings
from Hertenstein, Holmes, McCullough, and Keltner, 2009; Hertenstein,
Keltner, App, Bulleit, & Jaskolka, 2006), who argue that touch has the
ability to communicate both positive and negative emotions in a more
differentiated manner than vocal and facial communication. Alternatively, Larsen et al. (2003) have previously reported that the corrugator and the zygomaticus muscles show different response patterns
across a variety of positive and negative stimuli. Specifically, the corrugator demonstrates a linear response pattern across the affective
spectrum, with negative affective stimuli showing increased corrugator
activity and positive affective stimuli showing reduced corrugator activity. Zygomaticus responses on the other hand, appear to have a “Jshaped” distribution pattern, in which positive affective stimuli elicit
zygomaticus activation and negative affective stimuli elicit more activation than neutral stimuli (Larsen et al., 2003). Importantly, in the
study by Larsen et al. (2003), only highly affective pictures led to an
increase in zygomaticus activity. Thus, it may be that in the present
study, the pleasantness of the touch may not have been sufficient to
yield a distinct response in the zygomaticus muscle. Moreover, since all
conditions were rated as pleasant, the lack of an unpleasant or neutral
control condition may have diluted the differences between the stimuli.
Future studies should investigate whether the pleasantness associated
with CT targeted touch is a necessity of tactile research, or whether
pleasantness is a by-product of the firing frequency unrelated to any
subsequent social or affective effects.
There was no significant difference in SCL between CT optimal
touch, control touch and visual stimulation. The findings from the
present study are somewhat in contrast to a recent study by Etzi et al.
(2017) who reported higher SCL in response to fast non-CT targeted and
slow CT-targeted touch than to non-CT targeted tapping. Etzi et al.
(2017) argue that the tactile conditions were more socially relevant
than tapping and this may account for the higher SCL associated with
the touch conditions. However, Etzi et al. (2017) also speculate as to
whether the differences observed in their study were due to differences
in stimulation time. In the present study in which all three conditions
had equal stimulation time, there was a non-significant difference between the CT optimal touch and the presumably less social visual
control condition. Moreover, there was no difference between the tactile conditions. It therefore appears that when tactile inputs are applied
for the same amount of time, the differences in SCL are minimal. In
comparison, Greco et al. (2015; Greco, Valenza, and Scilingo (2016)
found a general reduction of SCL in response to various forms of touch,
thought to reflect a general relaxation effect, independent of the valence of the touch. A recent study by Pawling, Trotter et al. (2017)
found that fast touch (30 cm/sec) was more arousing than CT targeted
touch (3 cm/sec), evident by higher SCRs in the fast touch group.
Methodological differences may partly account for these inconsistent
findings, however, it is clear that the autonomic responses to touch are
as of now, not fully understood. Previous studies have shown that CT
targeted touch also affects other autonomic measures, such as heart rate
deceleration (Fairhurst et al., 2014; Pawling, Cannon et al., 2017;
Pawling, Cannon et al., 2017; Triscoli, Croy, Olausson et al., 2017) and
heart rate variability (Triscoli, Croy, Steudte-Schmiedgen et al., 2017).
Therefore, future studies investigating autonomic responses to touch
should preferably combine EDA and cardiac measures.
Some limitations apply to the present study. For one, we used a
brush as opposed to direct human contact when delivering the touch.
We acknowledge that this could possibly influence the ecological validity of the touch (Kress, Minati, Ferraro, & Critchley, 2011). However,
due the length of the stimulation period, we maintain that it was important to standardize the touch as much as possible, thereby limiting
other factors, such as skin temperature and sweating to influence the
results. Secondly, the study population was predominantly young and
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healthy students, and the results may not be generalized beyond this
population. Thirdly, it is impossible to selectively stimulate CT fibers
without also activating Aβ fibers in healthy humans. Thus, it is entirely
conceivable that the reduction in corrugator activity observed in response to CT optimal touch could in fact be due to the Aβ-input.
However, we believe this to be unlikely for several reasons. Firstly,
there is no difference in corrugator activity in response to control or CT
optimal touch in the initial period of touch. This period is arguably free
from CT-fiber input due to their reported slow conduction velocity.
Therefore it is likely that a reduction of corrugator activity mediated by
Aβ input would have been present in the initial part of the touch also.
Moreover, Aβ fibers continue to fire in the presence of repeated stimulation (Olausson et al., 2010), as opposed to the fatigue-prone CT
fibers (Vallbo et al., 1999). In our study, the main difference between
CT optimal and control touch is evident between 700 ms–5600 ms of
touch onset. Between 5600 and 6300 ms, the reduction of corrugator
activity in response to CT optimal touch is still evident, however, the
differences between CT optimal and control touch seem to diminish
steadily [See Fig. 4, right]. It is tempting to speculate that this observation reflects CT-fiber fatigue. Nevertheless, as the control touch
response is unchanged in this period, we argue that the reduced corrugator activity is not primarily mediated by Aβ-input, but most likely
the arrival of CT afferent input. Lastly, the SCL results need to be interpreted cautiously as they may be confounded by the use of sub-optimal gel and alcohol as a means of cleaning the hands. Alcohol may
reduce the natural conductivity of the skin (Dawson, Schell, & Filion,
2007). The soft gel utilized in the present study may interfere with the
SCL due to leakage of gel into sweat ducts (Tronstad, Johnsen, Grimnes,
& Martinsen, 2010). Whilst we do not know the extent that our results
may be influenced by the inappropriate gel, it is our understanding that
the issue pertaining to soft gels is mostly relevant with long-term recordings and recordings from abdominal sites, due to the thinner skin
corneum of the abdomen.
In conclusion, this study has demonstrated that CT optimal touch
delivered to the forearm during 2-minute trials was rated as significantly more pleasant and intense than control touch, but not visual
input. CT-optimal touch did not elicit significant changes in the activity
of the corrugator or zygomaticus muscles, or electrodermal activity,
during these stimulation periods. However, CT-optimal touch was associated with an early, transient reduction in corrugator activity, consistent with the notion that facial expressions may supplement verbal
communication. Moreover, the temporal pattern through which the
reduced corrugator activity is expressed, possibly reflecting the slow
conduction velocity of CT fibers, suggests that firing from CT fibers may
have led to the relaxation in frowning muscle activity.
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