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Abstract

In a recent study, we showed that tactile perception can be enhanced by applying a placebo manipulation consisting of verbal
suggestion and conditioning (Fiorio et al., Neuroscience 217:96-104, 2012). Whether this change in perception is related
to a better tactile functioning is still unknown. Aim of this study is to investigate whether placebo-induced enhancement of
tactile perception results in better somatosensory temporal discrimination threshold (STDT), as a proxy of tactile acuity. To
this purpose, a group of subjects (experimental group) was verbally influenced and conditioned about the effect of an inert
cream in enhancing tactile perception, while a control group was informed about the real nature of the cream. In both groups,
we measured STDT before and after cream application, by means of pairs of electrical stimuli delivered on the index fingertip
and separated by ascending inter-stimulus intervals. STDT was defined as the shortest time interval at which the two stimuli
were perceived as separated. Results revealed an increase in subjective perception of stimulus intensity and a reduction of
STDT only in the experimental group. This study proves that a placebo procedure, consisting of verbal suggestion and a
short conditioning, can reduce the temporal discrimination threshold.
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Introduction

Somatosensory perception, like perception in other sensory
systems, depends not only on the integrity of the peripheral
receptors and afferent pathways, but also on the function-
ing of central brain regions. The latter can be influenced
by different factors, like cognitive functions, training, and
brain stimulation. For example, reward can modulate the
hemodynamic response in the primary somatosensory cortex
and affect somatosensory judgments (Pleger et al. 2008). In
addition, attention can facilitate tactile perception, both in
the spatial (knowledge of where a stimulus is likely to occur)
and in the temporal domain (knowledge of when this stimu-
lus is likely to occur) (Nobre 2001; van Ede et al. 2011).
Moreover, a sensory training with tactile tasks improves tac-
tile spatial acuity and this improvement can transfer even
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to untrained fingers (Harris et al. 2001; Wong et al. 2013;
Harrar et al. 2014). Related to this, it was demonstrated that
a training with Braille reading induces plastic changes in
the primary somatosensory cortex (Debowska et al. 2016)
and reduces the somatosensory spatial threshold (Wong
et al. 2011; Zeuner et al. 2002). Somatosensory temporal
processing, as well, is improved in blind Braille readers, thus
supporting again the link between tactile training and soma-
tosensory functional changes (Bhattacharjee et al. 2010).
More recently, it was observed that somatosensory spatial
acuity can be improved even without external stimulation or
training (Philipp et al. 2015). In particular, meditation can
induce a reduction of the spatial discrimination threshold
when focused on the same body district that will be tested.
This suggests that endogenous, top—down processes like
mental imagery or meditation can induce plastic changes
that result in better perceptual ability.

Recent evidence suggests that also placebo procedures
can change somatic perception. More precisely, placebo can
induce de-novo somatic sensations (Beissner et al. 2015),
convert a tactile stimulus into pain (Colloca et al. 2008)
and enhance the perceived intensity of tactile stimuli (Fio-
rio et al. 2012). In a previous study, we found that after a
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placebo procedure, participants perceived the same tactile
stimulus as more intense than before and that this modu-
lation was associated to changes in the late components
of the somatosensory evoked potentials, reflecting higher
order cortical elaboration of sensory information (Fiorio
et al. 2012). What is still unknown is whether, in addition
to perceptual and neurophysiological changes, a placebo
procedure in the tactile modality can also influence the
processing of tactile information. To address this question,
in the current study, we induced expectation of enhanced
tactile perception through a placebo procedure and tested
the psychophysical effects on the somatosensory temporal
discrimination threshold (STDT) as a proxy of tactile func-
tion. STDT is defined as the shortest time interval at which
two tactile stimuli are perceived as separate and represents
a fundamental ability of the somatosensory system, that is
to elaborate the timing of sensory events. Different studies
converge in indicating that STDT computed with the method
of limits is reproducible in time both in healthy individuals
and in pathological populations, suggesting that it has fair-
to-good reliability (Morgante et al. 2011; Conte et al. 2012;
Ramos et al. 2016). Moreover, stimulation of the primary
somatosensory cortex with theta-burst TMS improves STDT
(Conte et al. 2012; Rocchi et al. 2016), suggesting that STDT
may well represent somatosensory functions. The prediction
in our study is that the placebo procedure should result in a
decrease of the STDT.

Materials and methods
Subjects

Forty-six healthy right-handed subjects participated in the
experiment and were randomly assigned to two groups:
25 subjects (9 females; mean age 24.48 +3.9 years) have
been exposed to a placebo-like procedure (experimen-
tal group) and other 21 subjects (10 females; mean age
25.95+5.1 years) served as control (control group). By self-
declaration, no subject reported any pathological condition
and none was under medication. At the time of enrolment,
the subjects were informed that we were collaborating with a
pharmaceutical company to study the effects of a new devel-
oped cream. Written informed consent was obtained from
all participants prior to the study. After study completion,
participants were fully informed about the real aims of the
experiments. The study was approved by the local ethical
committee of the Department of Neurosciences, Biomedi-
cine and Movement Sciences of the University of Verona.
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Temporal discrimination threshold

Subjects’ right hand was comfortably positioned on a
table. To measure the somatosensory temporal discrimina-
tion threshold (STDT), we delivered pairs of tactile stimuli
by means of a constant current stimulator (STM 140, HTL,
Udine, Italy) through a surface skin electrode (1 mm of
diameter) applied to the right index fingertip. The anode
was located 0.5 cm distally from the cathode. The tactile
stimulus consisted of a train of four square wave electri-
cal pulses of 0.5 ms each separated by 1 ms interval (for a
total of 5 ms stimulus duration). The intensity of stimula-
tion was determined for each subject, by delivering series
of stimuli with increasing intensity from 0 mA in steps of
0.5 mA. The lowest intensity at which the electric stimulus
was perceived in 10 out of 10 stimuli was considered as
the sensory threshold (ST) and was used in the experi-
mental procedure. During the temporal discrimination
task, pairs of tactile stimuli were delivered always at the
same intensity (corresponding to the ST) with ascending
inter-stimulus intervals (ISI) in four consecutive blocks.
In the first trial of each block, one stimulus was delivered
(ISI=0 ms) and in the two subsequent trials stimuli were
separated in steps of 10 ms (trial 2, ISI=10 ms and trial 3,
ISI=20 ms). This was done to reduce the number of stim-
ulations below the range of ISIs that typically character-
izes the STDT in healthy participants (30-50 ms) to avoid
habituation of the somatosensory system. Starting from
trial number 3 (ISI =20 ms), the procedure became more
fine-tuned and ISIs were progressively increased in steps
of 2 ms in the subsequent trials. At each trial, subjects
were required to report whether they perceived one or two
stimuli. When the participant responded “two” for three
consecutive trials, the block was ended and the next block
could start. The first out of three consecutive ISIs at which
subjects recognized two asynchronous stimuli was con-
sidered as threshold of the block. The average of the four
values (one for each block) was considered as STDT and
was entered in the data analysis. The choice of applying 4
repetitions was based on the previous studies in which a
similar procedure was adopted and the reliability of STDT
was demonstrated (Conte et al. 2012; Rocchi et al. 2016).
During the ascending series, 3 catch trials with ISI of 0 ms
were randomly delivered to control whether the subjects
could correctly differentiate between one or two stimuli
throughout the procedure.

Placebo procedure

The procedure consisted of three sessions: baseline,
manipulation and final (Fig. 1). In the baseline session, we
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Fig. 1 Schematic representation of the experimental procedure. Tem-
poral discrimination thresholds (STDT) were measured in the base-
line and final sessions. After each session, subjective intensity judge-
ments (NRS) were also collected. In the baseline and final sessions’
intensity of stimulation was set at sensory threshold (ST), as meas-
ured before starting the whole experimental procedure. Between the

measured the STDT for each subject, as described above.
Each STDT testing lasted about 10 min. At the end of
the baseline stimulation session, subjects were required to
judge the perceived intensity of electrical stimulation on a
Number Rating Scale (NRS) ranging from 0 (no sensation
at all) to 10 (very strong sensation).

During the manipulation session, an experimenter
wearing gloves and a white coat applied a transparent and
jelly Vaseline cream at room temperature on the partici-
pant’s right index fingertip by means of a cotton swap.
The cream was carefully removed after 5 min. The experi-
mental group was told that the cream was a new active
treatment capable of increasing tactile sensation and under
experimental investigation for potential clinical use. This
procedure was similar to that of the previous studies (Fio-
rio et al. 2012, 2014) and was used to induce expectation
of increased tactile sensation. Participants of the control
group were overtly told that they had been assigned to
a control group in which an inert vaseline cream was to
be applied as required by the protocol to compare their
data with those of an experimental group. In the previ-
ous studies, we demonstrated that placebo effect in the
tactile modality can be obtained if verbal suggestion is
accompanied by a conditioning phase in which partici-
pants can experience an increase in sensation (Fiorio et al.

baseline and final session there was the experimental manipulation,
with the application of a cream on the right index finger. The experi-
mental and control groups received different verbal information in
regards to the effects of the cream. Moreover, the experimental group
went through a short conditioning procedure consisting of 4 stimuli
applied at 2x ST

2012, 2014). Therefore, in the current study, after having
removed the cream, the electrode was positioned again and
a very short conditioning procedure was applied, in which
the intensity of stimulation was surreptitiously increased
two times above the ST. Four stimuli were delivered with
this enhanced intensity by asking participants to report
whether they felt the stimulation. Participants were only
told that we wanted to be sure that they were feeling the
stimulus, but actually, this was a manoeuvre to convince
them that the cream had increased their sensation. In the
control group, the same procedure was applied, in which
four stimuli were applied without increasing the intensity
of stimulation. We decided not to increase stimulus inten-
sity in the control group to limit as much as possible any
further reasoning or speculation by particularly sceptical
participants on the potential effects of the inert cream.
After this short procedure, the intensity of stimulation was
set again to the baseline value and the final session started
to measure STDT. At the end, subjective intensity judge-
ments were measured again with the NRS.

To control for the investigator’s bias, the STDT testing
(stimulus delivery and response collection) was automa-
tized by means of a PC, thus limiting as much as possible
the interaction between the investigator (who was not blind
to the participant’s group membership) and the participant.
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Statistical analysis

The absolute ST of the experimental and control groups was
compared by means of 7 test for independent samples. STDT
and subjective intensity judgements (NRS) were analysed by
means of mixed-model ANOVA with Group (experimental
vs. control) as between—subjects factor and Session (base-
line vs. final) as within-subjects factor. Post-hoc analyses
were carried out by means of paired or independent samples
t tests, by applying the Bonferroni correction for multiple
comparisons where necessary. The magnitude of the placebo
effect was computed as the difference between the final and
the baseline sessions in STDT values and NRS scores in the
two groups. The difference was analysed by comparing the
two groups with 7 test for independent samples. Finally, to
check whether changes in discrimination thresholds were
associated to changes in subjective judgements, we corre-
lated the difference in STDT values with the difference in
NRS scores for each group, by means of Spearman’s coef-
ficient of correlation. The level of significance was set at
p<0.050.

Additional experiment

To check for an eventual effect of verbal suggestion alone
in influencing tactile perception and STDT, we ran an addi-
tional experiment on 11 different participants (6 females,
mean age: 25.3+2.7) in which the same inert Vaseline
cream was applied to the right index fingertip together with
verbal information on its effects in enhancing tactile sensa-
tion. In this case, however, we did not apply the condition-
ing procedure, and therefore, the electrical stimulation was
not increased after the treatment application. Before and
after the treatment, participants were tested for the STDT
and tactile perception (NRS) and data were analysed with
t test for paired samples. The level of significance was set
at p <0.050.

Results

Age did not differ between groups (#44,=—1.11, p=0.272).
Analysis of the absolute ST did not show any significant dif-
ference between groups (¢4, =0.442, p=0.661), suggesting
that intensity of stimulation was not different between the
experimental (mean + SEM, 3 +0.33 mA) and the control
group (2.81+0.26 mA).

Analysis of the STDT revealed a significant effect of Ses-
sion (F; 44y=15.08, p<0.001) and Group X Session interac-
tion (F(; 44y=4.79, p=0.034), whereas Group was not sig-
nificant (p =0.536) (Fig. 2a). Post-hoc comparisons revealed
that the experimental group had lower STDT values in the
final (48.95+0.81 ms) compared to the baseline session
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Fig.2 a Tactile temporal discrimination thresholds (STDT, ms) of
the two groups (experimental, red and control, green). In the experi-
mental group STDT was reduced in the final (striped bars) compared
to the baseline session. b Subjective intensity judgements at the NRS
in the two groups (experimental, red and control, green). Subjects
of the experimental group perceived the tactile stimulus stronger in
the final (striped bars) compared to the baseline session, despite the
intensity of stimulation being exactly the same in the two sessions.
Data are expressed as mean values and standard errors. *p <0.050

(54.03 +£1.32 ms) (p=0.001), whereas in control subjects
STDT remained stable throughout the sessions (baseline:
51.37+1.26 ms, final: 49.95+0.96 ms) (p =0.177). Moreo-
ver, the two groups did not differ neither in the baseline nor
in the final session (for both comparisons, p > 0.156). These
results indicate that the experimental procedure induced a
significant reduction of the temporal discrimination thresh-
old only in the experimental group. The STDT change
between the final and baseline sessions was significantly dif-
ferent between the experimental (—5.08 +1.27) and the con-
trol group (— 142+ 1.01) (144y=—2.19, p=0.034) (Fig. 3a).

Analysis of intensity judgements at the NRS revealed
a significant effect of Session (F(; 44y=15.63, p<0.001)
and Group X Session interaction (F(; 44)=5.23, p=0.027),
whereas Group was not significant (p =0.202) (Fig. 2b).
Post-hoc comparisons revealed that the experimental group
had higher judgements in the final (5.44 +0.4) compared
to the baseline session (4.46+0.41) (p=0.001), whereas
in control subjects perception judgements remained sta-
ble throughout the sessions (baseline: 4.14 +0.33, final:
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Fig.3 a Amount of change computed as absolute difference between
baseline and final session in STDT (ms) of the two groups (experi-
mental, red and control, green). In the experimental group, change
in STDT was higher than in the control group. b Amount of change
computed as difference between the final and baseline session in sub-

4.41+0.38) (p=0.157). The two groups did not differ nei-
ther in the baseline nor in the final session (for both com-
parisons, p >0.068). The difference between the final and
baseline sessions in NRS scores was significantly higher in
the experimental group (0.98 +0.25) compared to the con-
trol group (0.26 £0.18) (744,=2.29, p=0.027) (Fig. 3b).
These results indicate that, despite the intensity of stimula-
tion being identical in the two sessions, the experimental
group perceived the stimulus as being stronger in the final
than in the baseline session.

No correlation was found between difference in NRS
scores and difference in STDT values (for both groups,
Spearman’s rtho < —0.431, p>0.051).

Additional experiment

Analysis of the STDT revealed no significant difference
between the final (51.18 +1.61 ms) and the baseline ses-
sion (50.45+1.76 ms) (#(10) = —0.312, p=0.761). This
result indicates that verbal suggestion alone did not induce
a change in the temporal discrimination threshold (Fig. 4a).
Analysis of the intensity judgements at the NRS revealed
higher scores in the final (6.0 +0.63) compared to the base-
line session (4.5+0.56) (#(10) = —5.75, p<0.001), indi-
cating that the procedure could induce an increase in the
perception of stimulus intensity (Fig. 4b).

Discussion
This study shows for the first time that somatosensory

temporal discrimination thresholds can be improved by a
placebo procedure in the tactile modality. More precisely,

jective intensity judgements at the NRS in the two groups (experi-
mental, red and control, green). Subjects of the experimental group
display a bigger change in perception compared to the control group.
Data are expressed as mean values and standard errors. *p <0.050
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Fig.4 a Tactile temporal discrimination thresholds (STDT, ms) in the
additional experiment in which only verbal suggestion was applied.
STDT was stable in the final (striped bars) compared to the baseline
session. b Subjective intensity judgements at the NRS in the addi-
tional experiment were higher in the final (striped bars) compared to
the baseline session. Data are expressed as mean values and standard
errors. *p <0.050
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after the placebo procedure STDT was lower than before
only in the experimental group and a greater amount of
STDT reduction across sessions was found in the exper-
imental group compared to the control group. A slight
change of STDT was qualitatively observable also in the
control group; nonetheless, this effect was not relevant,
as evidenced by the lack of significant difference across
sessions. The experimental group in our study also pre-
sented with higher intensity judgements at the NRS after
the placebo procedure than before, despite the intensity of
stimulation was the same in the two sessions. This find-
ing confirms the reliability of the protocol in inducing
a tactile placebo response, in line with a previous study
by our group (Fiorio et al. 2012). The lack of correlation
between NRS scores and STDT values suggests that the
two measures could be related to different mechanisms and
complexity levels. Of note, NRS scores could have been
biased by subject’s compliance to the experimenter’s infor-
mation about the effects of the cream in enhancing tactile
sensation. Conversely, STDT was reasonably less biased
by compliance, since we did not tell participants that the
cream would have changed their ability to discriminate the
stimuli and we measured STDT in an automatized way,
thus limiting any investigator bias. Moreover, explicit
judgements of perception at the NRS were recorded only
once, after each experimental session (baseline and final),
whereas the procedure to obtain the STDT was repeated
four times in each session. Finally, the NRS score was
given on a 0-10 scale that could have been not sensitive
enough to unveil subtle effects. Conversely, the STDT was
measured with the method of limits in steps of 2 ms, and
could, therefore, represent a more fine-tuned measure of
tactile function. These profound differences between the
two measures could explain why the magnitude of the two
phenomena was not quantitatively correlated.

The additional experiment revealed that verbal suggestion
alone induced an increase in perception of stimulus intensity
measured with the NRS, but did not impact on the STDT.
This finding suggests that a combination of verbal sugges-
tion and conditioning induces stronger placebo effects than
verbal suggestion alone and it is in line with the previous
studies in the tactile modality (Fiorio et al. 2012, 2014) and
in pain (Colloca et al. 2008).

It could be argued that the increased stimulation intensity
used to condition participants of the experimental group was
the main factor contributing to the reduction of the STDT,
rather than the placebo procedure. An experimental way to
tackle this issue would be to apply only a conditioning pro-
cedure without any verbal suggestion. It should be noticed,
however, that stimulus intensity per se does not seem to
affect the STDT (Conte et al. 2016; Leodori et al. 2017).
Hence, we could reasonably suggest that the placebo proce-
dure consisting of a combination of verbal suggestion and
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conditioning was the most important factor influencing the
STDT.

A possible theoretical framework to explain our findings
is the predictive coding model of brain functioning (Fris-
ton 2010). In this frame of reference, the placebo procedure
could have induced a peculiar brain’s state in the experimen-
tal group that resulted in a modified subjective interpreta-
tion of the stimulus characteristics, similarly to what already
described for vision (Summerfield and Egner 2009). Con-
sequently, the cognitive processing of tactile inputs would
have been facilitated, thus resulting in a shorter time interval
needed to discriminate two stimuli as separated.

The neural correlates of this effect could rely on a cer-
ebral circuit linking brain regions involved in placebo-
induced expectation and anticipation of sensory events with
those involved in temporal processing of sensory stimuli.
Based on the previous neuroimaging (Wager et al. 2004)
and neurophysiological studies (Fiorio et al. 2012), we could
hypothesize that prefrontal brain regions, like the anterior
cingulate and dorsolateral prefrontal cortex, act as possible
anatomical origin of the cognitive influence of expectation
on tactile perception. Brain areas involved in STDT are the
pre-supplementary motor area, the anterior cingulate cortex
and the basal ganglia (Harrington et al. 1998; Pastor et al.
2004, 2006), although the primary somatosensory cortex
seems to play a putative role (Hannula et al. 2008; Bolog-
nini et al. 2010; Conte et al. 2012; Rai et al. 2012; Rocchi
et al. 2016). Of note, studies also showed changes of STDT
induced by stimulating the primary somatosensory cortex
with theta-burst stimulation (Conte et al. 2012; Rocchi
et al. 2016). Taken all this evidence into account, the lower
STDT after the placebo procedure may hint at a top—down
strengthening in the connections between prefrontal brain
areas (activated by expectation) and the circuit subtending
the temporal elaboration of tactile stimuli (mainly the pri-
mary somatosensory cortex), thus resulting in a fine-tuned
tactile timing function.

One limitation of the psychophysical method adopted
in this study is that it does not allow to clearly disambigu-
ate whether the STDT improvement in the experimental
group was caused by an actual improvement in the sensory
discrimination function or by a change in the participants’
subjective response criterion (greater tendency to respond
“two”). To this aim, other psychophysical approaches could
be more suitable, for instance by inserting a higher num-
ber of trials with a single stimulus to obtain the false alarm
rate. Here we can only speculate that since the STDT has
a fair-to-good reliability and is not affected by the interval
of time between tests, it is likely not influenced by decision
processes (Ramos et al. 2016) and it may represent genuine
sensory abilities. Moreover, the evidence that STDT relies
more on brain areas that process somatosensory informa-
tion (like the primary somatosensory cortex) rather than on
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brain areas that process decision-making (like the dorsolat-
eral prefrontal cortex) (Conte et al. 2012; Rocchi et al. 2016)
further supports the idea that it reflects sensory discrimina-
tion functions. However, being the placebo effect a com-
plex phenomenon caution should be used in interpreting our
data and future investigations adopting other psychophysical
methods together with neurophysiological recordings (like
somatosensory evoked potentials, SEP) should clarify the
nature of the somatosensory improvement. With regard to
this, using a similar protocol we previously recorded SEPs
before and after the placebo-induced enhancement of tactile
perception and found an increase in the amplitude of the
late SEP components (N140 and P200) after the placebo
procedure (Fiorio et al. 2012). This finding was interpreted
as a cognitive top—down modulation of somatosensory pro-
cessing due to the placebo procedure (Fiorio et al. 2012).
In the present explorative study, we decided to measure
the STDT with the method of limits, because this method
lends itself easily to clinical applications, thus favoring
future translational research in clinical populations. Namely,
this method has been proved to be suitable to investigate
sensory processing in different neurological diseases (Fiorio
et al. 2003, 2007, 2008a, b; Tinazzi et al. 2004; Bradley et al.
2012; Scontrini et al. 2009; Conte et al. 2010). Hence, our
findings could acquire significant importance in inspiring
lines of research addressing all those pathological conditions
that comprise deficits in the temporal elaboration of tactile
stimuli, as for example dystonia (Tinazzi et al. 2009) and
Parkinson’s disease (Artieda et al. 1992; Fiorio et al. 2008b).
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