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Abstract:

Hypnosis is increasingly used in clinical contexts to improve pain management and is
supported by experimental research, showing reduced pain perception to controlled
nociceptive stimuli. This study investigated spatial selectivity of focused hypnotic analgesia
(FHA), a technique used to reduce pain in one restricted body part. Series of brief contact heat
stimuli were applied randomly to the right and left arm in 40 healthy participants, before,
during and after suggestion of FHA targeting one arm. Pain intensity and unpleasantness were
assessed after each stimulus using numerical ratings scales. Results showed a significant
decrease in pain intensity and unpleasantness for the protected arm during FHA as compared
to before and after, whereas no modulation was evidenced for the unprotected arm. Ratings
were significantly different between the two arms only during FHA. These results were
observed regardless of the level of hypnotizability. This confirms that FHA can selectively
modulate pain perception, both its sensory-discriminative and emotional-cognitive
components, and restrict its effects on a targeted area without affecting perception on other

body parts.

Keywords: pain; nociception; hypnosis; analgesia; focused hypnotic analgesia.






1. Introduction

Hypnoanalgesia, the reduction of pain perception using hypnotic suggestions, has been
increasingly studied over the past few decades, and its effectiveness is well established in both
experimental and clinical settings (Kendrick et al., 2016; Landry et al., 2017; Merz et al., 2022;
Provencal et al., 2018; Thompson et al., 2019). It is used as a treatment for various chronic
pain conditions (Del Casale et al., 2015; Langlois et al., 2022; Sine et al., 2022) and for acute
pain caused by medical procedures (Tefikow et al., 2013). In the context of surgery, it helps to
reduce pain and anxiety, improve post-surgical recovery and patient satisfaction, and reduce
the need for anaesthetic and sedative substances as compared to conventional stress
management strategies and to general anaesthesia (Tefikow et al., 2013; Thompson et al.,

2019; Vanhaudenhuyse et al., 2020).

Among various hypnoanalgesia suggestion procedures, focused hypnoanalgesia (FHA) has
attracted significant interest. FHA involves selectively modulating pain by inducing analgesia
in a specific area of the body and is commonly used for wound care (Denman, 2024),
injections, blood intake and surgical procedures (Kuttner, 2012). Compared to other hypnotic
analgesia suggestions (i.e. deep relaxation, neutral hypnosis, dissociative imagery), FHA has
been identified as the most effective in reducing both pain intensity and distress (De Pascalis
et al., 1999, 2001; Sharav & Tal, 2004; Zachariae & Bjerring, 1994). This suggests that different
pain modulation strategies may be involved, depending on the type of hypnotic suggestion.
Supporting this idea, Sharav & Tal (2004) found that the mechanisms underlying pain
modulation using hypnotic analgesia varied depending on the specific suggestion employed.
Their study revealed that when hypnotic analgesia was induced through a general relaxation

suggestion, pain perception decreased uniformly across all levels of painful stimulation. In



contrast, during FHA, the reduction in pain perception followed an exponential pattern, with
greater pain relief occurring as stimulation intensity increased. This finding suggests that FHA
may engage distinct neural and cognitive mechanisms compared to relaxation-based
suggestions, further reinforcing the notion that different hypnotic analgesia suggestions

operate through different processes to achieve pain relief (Sharav & Tal, 2004).

The underlying mechanisms of FHA remain nevertheless poorly understood. Several
studies have shown that it can modulate both the perception of pain and cortical responses
to painful stimuli compared to a control condition in which no analgesic suggestion was
applied (Casiglia et al., 2020; De Pascalis et al., 2008; Fardo et al., 2015; Friederich et al., 2001).
However, these studies did not compare responses to stimulation of the limb on which FHA is
induced to those of another body part, making it impossible to determine whether the
analgesic effects of FHA are selectively restricted to the protected limb or act in an unspecific
way on the whole body. To our knowledge, only four studies have used another body part (i.e.
one that is outside the region targeted by the suggestion) as a control to investigate whether
FHA is indeed selectively restricted to the protected limb (Benhaiem et al., 2001; Facco et al.,
2011; Paqueron et al., 2019; Sharav & Tal, 2006). For instance, it has been shown that the heat
pain threshold was higher for stimuli applied to the body area protected by FHA than to the
unprotected area (control limb), a difference that was not observed before nor after FHA
(Benhaiem et al., 2001; Facco et al., 2011). Using a similar paradigm, Sharav & Tal (2006) found
that stimuli applied to the FHA-protected site were perceived as less painful than those
applied to a control site during the suggestion, while no such difference was observed
between the FHA-protected and control limbs before and after the suggestion (Sharav & Tal,
2006). More recently, a study using infrared thermography showed that in addition to a

reduction of pain perception, increases or decreases in local skin temperature were observed
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at the FHA-protected site compared to the control site (Paqueron et al., 2019), This suggests
that FHA may involve top-down autonomic regulation resulting in local vasomotor changes

that vary across individuals.

Together, these studies show the ability of hypnoanalgesia to focus its effect on a specific
part of the body. However, these studies attempted to characterize hypnoanalgesia as a
selective process by applying stimuli to a single area at a time (local or remote site of FHA) and
testing the different areas in separate blocks. By doing so, they do not rule out the
contribution of other phenomena such as anticipation or expectation to the observed
modulations, since a single body area is stimulated throughout a whole block of trials. It has
been repeatedly shown that subjectively expecting a stimulus to be less or more painful can
modify pain perception even when the physical intensity of the stimulus remains unchanged
(e.g. Atlas & Wager, 2012; Jepma et al., 2018). Alternatively, presenting the stimuli of the
different experimental conditions randomly within the same stimulus block reduces the
participant's ability to predict which condition the forthcoming stimulus will belong to. For
example, in a study investigating the effect of spatial attention on cortical responses to
nociceptive stimuli, Legrain et al. (2002) applied stimuli to both hands in a randomized order
within the same stimulation blocks and instructed participants to focus their attention on one
hand while ignoring stimuli applied to the other hand. They showed that event-related brain
potentials (ERPs) evoked by stimuli on the attended hand were larger in magnitude than ERPs
evoked by stimuli on the opposite hand during the same blocks. Additionally, the ERPs for the
attended hand were larger compared to those for the same hand when it was unattended in
other blocks. This allowed them to conclude that attention was selectively modulated (Legrain

et al.,, 2002).



Hence, building on this latter experimental procedure, the aim of the present experiment
was to investigate the selective effect of FHA on a restricted body area by comparing the pain
levels induced by stimuli applied to two different limbs. To achieve this, painful heat stimuli
were randomly applied to one of the two forearms at a time during the same stimulation
blocks at three different timepoints: before, during and after FHA was suggested on one arm
using the protective glove procedure. We hypothesized that, as compared to before and after
conditions for which no difference is expected, during the suggestion of FHA stimuli applied
to the protected arm would elicit lower pain ratings than those applied to the unprotected
arm. Additionally, we expected the decrease in pain during the suggestion, relative to before

it, to be significantly greater for the protected arm than for the unprotected one.

2. Material and Methods

2.1. Participants

Forty healthy volunteers (29 women, 11 men) aged between 18 and 36 years old (M =
24.6, SD = 4.2) participated in the experiment. Participants were recruited through
advertisements posted in recruitment groups on the institution’s social media. Exclusion
criteria were history of chronic pain, severe neurological or psychiatric pathology, current or
recent tissue damage or dermatological disease of the hands or forearms, trauma to the upper
limbs within the last six months, regular use of psychotropic drugs, intake of step 1 analgesic
(e.g. paracetamol and non-steroidal anti-inflammatory drugs) within the 12 hours before the
experiment and excessive caffeine consumption (more than 3 cups of coffee per day). A
written consent form was signed by all participants, and the study was approved by the local

ethical committee (N°B403201214265) and followed the Declaration of Helsinki.

2.2. Stimuli and apparatus




Thermal nociceptive stimuli consisted on contact heat stimuli delivered by two Peltier
thermodes (Thermal Cutaneous Stimulator Il (TCS 1), QST.Lab, Strasbourg, France) and were
applied onto the skin of both volar forearms of participants. The surface of each probe is
composed of a 30-mm diameter disc divided into five zones, each consisting of three 3.2*2.4
mm? thermodes, leading to a total stimulus surface of approximately 1.2cm?. Although each
zone can be independently activated, all of them were simultaneously and synchronously
operating during this experiment. Baseline temperature of each thermode was set at 32°Cand
heating ramp of the device was of 300°C/second, allowing to generate brief and sharp-onset
thermal stimuli. Target temperature, that is the temperature used for the experiment, was set
at a level ranging from 60°C to 70°C depending on the sensitivity of participants (see threshold
measurement procedure below). Each stimulus lasted for 200ms comprising the heating of
the thermodes and the plateau at the target temperature. Return to the baseline temperature
was achieved by active cooling at a speed of 300°C/s. Such stimulation profile allows the
generation of responses compatible with the specific activation of Ad nociceptive fibres (e.g.
Lejeune et al., 2023). In order to avoid habituation or sensitization, the probes were displaced
after each stimulus across 6 different predefined zones, and a delay of 5 to 10 seconds was
observed between successive stimulations. To this aim, the length of the forearm was
measured from the flexion fold of the wrist to the fold of the elbow and then divided into 4
zones. The width of the forearm was then measured at its largest and narrowest parts in order
to draw a mark at the middle of each measure and then equally divide the 4 zones into 8. The
two first zones starting from the wrist were not stimulated as the presence of ligaments does

not allow the stimulation probe to be fully in contact with the skin.

2.3. Procedures



Participants were seated in a chair equipped with a support for the head, neck and
shoulders, placed in the centre of the room and faced an occulted window. The main
investigator (A.V.C.) trained in hypnosis, managed the entire procedure and was responsible
for delivering the hypnotic analgesia suggestion. Two other experimenters (C.B. and M.D.)

oversaw the application of stimuli and data recording.

Briefing and instructions were provided orally by the principal investigator, and
participants were asked to complete the written consent form. The experiment began by
determining the target temperature of the stimuli for each participant, which was done by
measuring the heat pain threshold using the method of limits (Tiberghien, 1984). Stimuli were
applied to the volar forearm starting at 58°C and increasing in 2°C increment until the highest
bearable temperature was reached, with a maximum of 70°C for technical and safety
purposes. After each stimulus, participants were asked to rate the perceived pain intensity on
a numerical rating scale (NRS) ranging from 0 to 100 (0= no sensation; 50= pain threshold;
100= the most painful stimulus imaginable) and perceived unpleasantness, also ranging from
0 to 100 (0= not unpleasant; 100= the most unpleasant stimulus imaginable). The procedure
was completed separately for both arms. Stimulus temperatures were determined to elicit
equal pain ratings on both arms (with less than 5% of difference between the two ratings) and

to be as close as possible to the highest bearable stimulus temperature.

The experimental session per se was divided into three experimental blocks, each of
them lasting on average five minutes. During each block, 20 nociceptive stimuli were
delivered, with 10 applied to each forearm in a random order. After each stimulus, participants
were asked to rate pain intensity and unpleasantness associated with the stimulus according

to the two different scales mentioned above. Once a block was completed, the investigator



asked four questions regarding items characterizing the hypnotic experience: absorption,
dissociation, time perception and automaticity (Rainville et al., 2019; Vanhaudenhuyse et al.,
2019). To control for any bias related to the experimenter, the person applying stimuli to one
forearm (i.e. left or right) was counterbalanced between the participants. The three blocks

were structured as follow:

- In the first block, stimuli were delivered before FHA, with no specific instruction given to
the participant except to look straight ahead without shifting their gaze to the left or right,
in order to avoid inducing a visuospatial bias (before condition).

- Inthe second block, stimuli were delivered while FHA was applied to one of the two arms
using the procedure of the protective glove (see details below). To match the other
conditions, participants could not close their eyes and were instructed to look straight
ahead (during condition).

- Inthe third block, stimuli were applied after the protective glove was removed (see details
below) following the experimenter’s instructions. As in the first two blocks, participants
were instructed to look straight ahead while nociceptive stimuli were delivered (after

condition).

After the 3 blocks, participants completed the short version of the Edinburgh Handedness
Inventory (EHI) (Oldfield, 1971) to assess their handedness. The experimenter then
administrated the Elkins Hypnotizability Scale (EHS) (Elkins, Barabasz, et al., 2015; Elkins,
Johnson, et al., 2015; Kendrick et al., 2016) to determine the participants’ hypnotizability.
Finally, a debriefing of the experiment was conducted, followed by the compensation and the

completion of the receipt (see Figure 1).

[Figure 1]

10



Focused hypnotic analgesia procedure

During FHA, the two experimenters responsible for applying the stimuli left the room
to remain blind regarding which arm was chosen for protection and to avoid any stimulus bias.
They returned only after the procedure was completed. FHA was induced using the protective
glove technique, based on the guidelines of Virot & Bernard (Virot & Bernard, 2018). This
method does not require a formal hypnotic induction but rather relies on focusing the
participant’s attention on one body part, which is suggested to become analgesic, and
dissociating it from the rest of the body. In this way, the participant remains responsive and is
able to interact with the environment. Originally, the technique involves building a protective
glove around the hand, but it was adapted in this experiment to protect the area stimulated
by the contact-heat thermodes. Therefore, participants were asked to wear a sleeve or any

object that evoked the sense of protection on their forearm.

First, the experimenter asked the participant which forearm they preferred to protect.
The choice was left to the participant to avoid inducing any conscious or unconscious
resistance to the protection, and the question was formulated to encourage dissociation
between the participant and their arm: “which arm would like to be protected?”. If no
preference was expressed, the experimenter selected the arm to ensure that the number of

participants protecting the right (n=20) and left (n=20) arms was the same.

Once the protected arm was determined, the experimenter sat next to the participant
and began the procedure by applying a slight pinch to the skin of the forearm. This was done
to make the participants aware of the pain that could be encountered on the arm, to give a
reminder of the sensation it produces and therefore to motivate them to protect themselves

by responding to the suggestion. The participant was then invited to mentally recall of an
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object that could be used to protect their forearm from pain. No restrictions were given,
except that the object had to exist in their home and be familiar to them. Once the object was
chosen, the experimenter asked the participant to describe it in detail, including its function,
size, colour, material, texture and thickness. After the participant took a deep breath and
collected visual and auditory references from the room, the experimenter requested
permission to lift their forearm by the wrist and placed it in catalepsy. The participant was
then invited to imagine wrapping the protective object around their forearm. No specific
instructions were given regarding eye closure, allowing participants to decide what felt most
comfortable for them. While the participant was putting on the protection, the experimenter
provided suggestions to focus on the materiel and texture on the skin, and to recall the details

of its colour.

Once the participant confirmed that the protection was properly settled, the next step
was to reinforce it by adding a layer of cotton, similar to what is used to build a cast. The
experimenter started by asking what colour the cotton layer was and then invited them
wrapping it around the forearm, on top of the previously applied protection. To assist with
this process, the experimenter visually mimicked wrapping the band around the participant’s
forearm while providing suggestions of increased protection and analgesia. Depending on
their individual preference, participants could rather be visually guided by the movement
made by the experimenter around their arm, or concentrate their gaze somewhere else/close
their eyes, and use their own visual imagery. In that latter case, they could only benefit from
the sensory cues produced by the wrapping movement made by the experimenter around the
participant’s arm. After completing two full passes over the forearm, the experimenter

stopped the movement and asked the participant whether enough cotton had been added to
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create an effective protection against pain. If necessary, additional cotton was mentally added

to specific areas identified by the participant.

The last step involved adding a layer of resin over the cotton. The experimenter
explained that the resin was initially soft, and gradually dried around the forearm, until it
became as hard as concrete. This explanation was reinforced by the sound of knocking on a
hard surface such as the wall. The same procedure used for the cotton layer was then
completed. Once the resin layer was applied, the experimenter instructed the participant to
take a moment to feel the resin drying and hardening, again accompanied by a knock on the
wall. It was emphasized that the harder and stiffer the protection became, the more
protective and efficient it would be. Once the participant felt that the layer was dry and solid
enough, it was asked to keep it in place, as it would be essential for the next step of the
experiment. To end the procedure, the experimenter applied the same pinch as before
building of the protection. This was done to check the efficiency of the suggestion, and to
bring the participant to realize the modulation of perception compared to the initial sensation.
In addition, a pinch was administered on the control forearm to compare pain perception
between the protected and unprotected forearms. If no modulation was perceived on the
protected forearm, the participant was informed that the time needed for the suggestion to
be efficient could vary across individuals, and additional time was given to reinforce the
suggestion by themselves relying on the previously delivered suggestions. They were asked to
inform the experimenter once their thought they were ready. Finally, the participant was
informed that the protection they had created could be reused whenever they need to protect
themselves from pain. Therefore, when the experimenter would suggest it, they should
remove the protection and store it somewhere in their mind, where they knew they could

reuse it if necessary.
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After the during block was completed, the experimenter instructed the participant to
remove the protection and to give a sign once they felt it was taken off and stored. The
participant was then asked to rub both forearms with their hands to restore equal sensations

between the two arms.

2.4. Measures:

2.4.1. Pain intensity and unpleasantness

Measures of pain intensity and unpleasantness were collected following each stimulus.
Ratings of intensity were evaluated on a numerical rating scale ranging from 0 (no sensation)
to 100 (worst pain imaginable) with a cut off at 50 representing the transition from a non-
painful to a painful sensation. Ratings of unpleasantness were evaluated on a numerical rating
scale ranging from 0 (not unpleasant) to 100 (most unpleasant sensation imaginable). For both
intensity and unpleasantness assessments respectively, stimulus ratings were averaged for
each participant and each of the conditions yielding 6 values resulting from the combination

of time (i.e. before, during, after) and arm (i.e. protected, unprotected) factors.

2.4.2. Four items of hypnotic experience

After each experimental block, four items measuring aspects of hypnotic experience
were assessed. Those items consist of a self-assessed measure of the participant’s
hypnotizability state. Each item reflects a specific aspect of the hypnotic experience:
absorption, dissociation, time perception, and automaticity (Rainville et al., 2019;
Vanhaudenhuyse et al.,, 2019). Evaluation of all four items was collected after each
experimental block to monitor the hypnotic state and its fluctuations depending on the
experimental conditions. The items were systematically presented in the same order, with

participants responding to the following instructions:
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- Dissociation: “Could you estimate on a 0-to-10 scale if you felt a dissociation between your
bodily sensations and the actual environment? Zero means you were in the reality, in this
room; 10 means that you completely escaped in your subjective experience, totally
disconnected from the here-and-now reality.”

- Absorption: “Could you estimate on a 0- (not at all) to 10- (fully) scale how deeply you felt
absorbed and felt your attention as focalized and focused by the experience you have just
lived?”

- Time perception: “Could you estimate, in terms of minutes, the time that the experimental
block lasted?”

- Automaticity: “Could you estimate, on a 0-to-10 scale, the level with which you were
controlling your actions and thoughts? 0 refers to a state where you were the passive
witness of your actions and thoughts, they were coming and going naturally without
having the impression that you were at the origin of them. 10 means a feeling of perfect
control, where you had the impression of being the engine, the actor of your actions and

thoughts.”

For each participant, three measures of each item were obtained, one for each timepoint
(i.e. before, during and after FHA). The measure of time perception is calculated by subtracting

the perceived duration from the actual duration of the block.

2.4.3. Hypnotizability

Hypnotizability was measured at the end of the experimental session using the Elkins
Hypnotizability Scale (EHS) (Elkins, Barabasz, et al., 2015; Elkins, Johnson, et al., 2015; Kendrick
et al., 2016). The assessment of the EHS was carried out by the principal investigator. The scale

comprises 6 items aiming at evaluating the level of hypnotizability of a participant. The items
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are presented in a specific order, ranging from the most accessible suggestion to the most
difficult one. After completion of the items, responsiveness to each item is evaluated
depending on visual observation made by the experimenter during hypnosis, in addition to
subjective feedback given by the participant after the hypnotic session. The final score ranges
from 0to 12. A score from 0O to 3 refers to low hypnotizability, 4 to 7 a medium hypnotizability,
8 to 11 a high hypnotizability, and 12 a very high hypnotizability. The assessment lasted
approximately 30 minutes. No very high hypnotizable subject was encountered. Therefore,
participants were assigned to one out three groups using their individual score (i.e. low vs.

medium vs. high hypnotizable groups).

2.5. Analyses

Statistical analyses were conducted using JASP 2023 (version 0.17.2.1) and IBM SPSS

Statistics (28.0.0.0.). The impact of FHA on pain ratings were tested according to two analyses.

In the first analysis, intensity and unpleasantness ratings were respectively compared
using a 3*2*3 ANOVA for repeated measures with time (before, during, after) and arm
(protected, unprotected) as within-participant factors, and hypnotizability (low, medium, high)
as a between-participant factor. Sphericity assumption was checked using the Mauchly test,
and Greenhouse-Geisser correction of degrees of freedom was applied when necessary. Post-
hoc analyses were performed by means of paired-samples t-tests with Holm correction to

uncover specific differences.

The second analysis compared changes in perception from one timepoint to another
between the two arms. To this aim, delta scores were obtained by calculating the difference
for each arm of ratings between before and during, during and after, and before and after

respectively. Delta scores were first compared to 0 using one-sample t-tests to test whether
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the changes between two timepoints were significant. Next, paired-samples t-test were
conducted to test whether those changes were different between the two arms. As the
hypnotisability group factor never had a significant effect on the previous analyses (see Results

section), it was discarded from the latter analyses.

In addition, the four measures of absorption, dissociation, time perception and
automaticity were analysed using Friedman tests for repeated measures with time (before,
during, after) as within-participant factor. Contrast analyses were conducted using Wilcoxon

signed-rank tests to highlight differences between levels of significant factors.

For all analyses, normality of the dependent variables was tested using the Shapiro-
Wilk test. Effect size was assessed using partial Eta squared for ANOVA and Cohen's d for t-

tests. Results were considered as statistically significant when p < .05.

3. Results

Based on the participants’ scores to the EHS, the sample was composed of 7 low
hypnotizable (LH) (EHS score 0-3), 22 medium hypnotizable (MH) (EHS score 4-7) and 11 high
hypnotizable (HH) (EHS score 8-11) participants (see Table 1 of the supplementary material
for descriptive statistics on the EHS and the 4 items of hypnotic experience). Based on their
pain threshold measurements, the target temperature of the stimuli was on average of 66.4°C

(SD =2.8°C, min = 60°C, max = 70°C).

Shapiro-Wilk tests for normality applied to the different variables of pain perception and
unpleasantness perception showed no significant effect for any rating scores, except for the
unpleasantness rating of the local arm during FHA (p=.037). Therefore, parametric data

analysis procedures were used as planned.
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3.1. Pain intensity and unpleasantness

Since the group factor hypnotizability had no significant main effect and did not
interact significantly with any of the other factors, neither for the intensity ratings (all F <.91,
p 2.410) nor for the unpleasantness ratings (all F < .49, all p > .656), the analyses are reported

without this factor and only with the within factors time and arm (i.e. ANOVA 3*2).

Results for intensity ratings revealed a significant main effect of the factor time (F(2,78)
= 12.47, p <.001, N%p = .242) and a significant interaction between time and arm (F(2,78) =
11.93, p <.001, N?p =.234). The main effect of arm was not significant (F(1,39) = 1.07, p = .307,
N?p = .027). Post-hoc analyses performed on the protected arm showed that pain intensity
ratings were lower during as compared to before FHA (before: M = 55.09 + 15.58; during: M =
47.02 +19.74; t(39) =-6.28, phoim <.001, d =-.452), and higher after FHA as compared to during
(after: M = 52.19 +18.93; t(39) = 4.02, prom = .001, d = .290) (see Figure 2). There was no
significant difference between before and after FHA (t(39) = 2.26, phoim = .154, d = .163). All
those comparisons were not significant for the unprotected arm (before = 54.68 + 16.79,

during = 51.45 + 18.08, after =51.3 £ 17.62; all |t| < 2.64, all phoim =.094, all |d| <£.190).

When comparing intensity ratings between the two arms at each timepoint, ratings were
significantly smaller for the protected arm than for the unprotected arm during FHA (t(39) = -
3.62, phoim = .006, d=-.248), whereas this difference was not significant neither before (t(39) =

0.33, phoim = 1.000, d =.023) nor after (t(39) = 0.73, phoim = 1.000, d = .050) (see Figure 2).

Figure 2 shows that some participants perceived the stimuli at the timepoint before on
average as non-painful (n = 13). To assess whether this could have influenced the previously
reported results, a complementary analysis was conducted. Specifically, a between-subjects

factor with two levels was added to the initial ANOVA (see above): Group 1 included
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participants who, on average, rated the stimuli as < 50/100 at timepoint before, and Group 2
included those who rated them as > 50/100. The results of this analysis, available in the
supplementary material (Table 2), showed that this factor had no significant influence on the

previously reported results.

[Figure 2]

Analyses performed on the delta scores for pain intensity ratings changes across
timepoints using one-sample t-tests showed that all variables were different from zero (all
t(39) >2.417, all p £.02) except for the after-during delta scores for the unprotected arm (t(39)
=-0.186, p = .853) and the before-after delta scores for the protected arm (t(39) = 1.993, p =
.053). Results for the comparison of before-during showed a significant difference between
the arms, suggesting that reduction of intensity rating was significantly more important for
the protected than for the unprotected arm (protected = 8.07 + 7.86, unprotected = 3.23 +
7.78, t(39)=3.92, p < .001, Cohen’s d =.619). The comparison of the after-during delta scores
was also significant, showing a greater change in pain intensity perception from during to after
FHA for the protected than for the unprotected arm (protected = 5.17 + 9.053, unprotected =
-0.15 + 5.286, t(39) = 4.34, p < .001, Cohen’s d = .686). Note that the after-during delta scores
are opposite for the two arms, meaning that while the perception of intensity increased for
the protected arm from during to after FHA, it tended to decrease for the unprotected arm
(see Figure 3). The differences between before and after FHA were not significantly different
between the two arms (protected = 2.90 + 9.204, unprotected = 3.39 + 8.865, t(39) = -0.424,

p =.674, Cohen’s d =-0.067).

[Figure 3]
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Analyses of unpleasantness ratings showed a significant main effect of time
(F(1.68,65.39) = 11.65, p <.001, N?p = .230) and a significant interaction between time and arm
(F(2,78) = 14.01, p <.001, N?p = .26), but no significant main effect of arm (F(1,39) = 1.05, p
=.312, N?p = .026). Post-hoc analyses showed that for the protected arm, unpleasantness
ratings were lower during FHA as compared to before (before: M = 40.81 + 19.76, during: M =
32.54 + 21.74, t(39) = -6.08, phoim <.001, d = -.392) and compared to after (after: M = 38.07 +
21.49, t(39) = -4.06, proim = .001, d = -.262) (see Figure 4). No significant difference between
before and after was found for the protected arm (t(39) = 2.02, phoim =.277, d =.130). For the
unprotected arm, no significant comparison was observed (before = 40.591 + 20.58, during =

36.99 + 21.60, after =36.77 £ 21.33; all t < 2.804, p > .066).

Comparison between the two arms showed significantly smaller ratings of unpleasantness for
the protected arm as compared to the unprotected one during (t(39) = -3.82, phoim=.003, d =-
.211), but not before (t(39) = 0.19, pnoim = 1.00, d =.011) nor after FHA (t(39) = 1.13, phoim =

1.00, d = .061).

[Figure 4]

Results of the one-sample t-tests performed on the delta scores for unpleasantness
ratings changes revealed that all scores were significantly different from zero (all t >.2.502, p
<.017) except for the after-during delta scores for the unprotected arm (t(39) =-252, p =.802)
and before-after delta scores for the protected arm (t(39) = 1.820, p = .076). Results comparing
unpleasantness ratings changes between before and during showed a significant difference
between the two arms, suggesting a greater decrease of unpleasantness perception during
FHA for the protected arm than for the unprotected one (protected = 8.37 + 8.98, unprotected

=3.64 + 8.83, t(39) = 3.79, p<.001, Cohen’s d = .599). A significant after-during difference was
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also found between the two arms, suggesting different changes of unpleasantness from
during to after FHA between the protected arm and the unprotected one (protected = 5.53 +
8.45; unprotected =-0.217 + 5.45, t(39) = 4.809, p < .001, Cohen’s d =.760). It should be noted
that the after-during delta scores show opposite tendencies for the two arms, as the
perception of unpleasantness increased for the protected arm from during to after FHA, and
decreased for the unprotected arm (see figure 5). No significant difference was observed
between the arms when comparing before-after changes (protected = 2.744 + 9.54,

unprotected = 3.816 + 9.648, t(39) =-1.077, p = 0.288, Cohen’s d =-0.170).

3.2. Four items of hypnotic experience

Analyses on the four items measuring dimensions of the hypnotic experience revealed

no significant difference between the difference timepoints for absorption, (x*(2) = 2.9, p

=.235), time perception (x*(2) = 4.13, p = .127) nor automaticity (x*(2) = 0.46, p = .796).
Nevertheless, a significant difference was found for dissociation (x*(2) = 24.28, p <.001). Post-
hoc analyses showed that dissociation increased during FHA (M = 4.66 + 2.56) as compared to
before (M =3.24 + 2.54; z = 3.96, pholm-bonf = .003, r =.790) and after (M =3.49 + 2.34; z=3.07,

Pholm-bonf = .004, r = .643). There was no difference for dissociation between timepoints before

and after FHA (z = -.97, pPholm-bonf = .328, r = -.192) (see Figure 6).

To determine whether changes in dissociation between timepoints before and during
were associated with changes in pain intensity and unpleasantness for both the protected and
unprotected arms, correlation tests were conducted on the difference of score between
before and during for each measure (i.e. pain intensity, pain unpleasantness and dissociation).
Spearman’s rho was chosen as outliers were highlighted and linearity was not encountered

for several variables. No significant correlations were found (dissociation & intensity —
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protected: p (38) =-.002, p =.992, z = -.002; — unprotected: p (38) = .058, p = .723, z = .058;
dissociation & unpleasantness — protected: p (38) =-.064, p = .695, z =-.064; — unprotected: p
(38) =-.014, p =.931, z = -.014). The same analyses were applied to differences between the
after and during timepoints, again revealing no significant correlations (dissociation &
intensity — protected: p (38) =-.192, p =.234, z =-.195; — unprotected: p (38) =-.064, p = .695,
z = -.064; dissociation & unpleasantness — protected: p (38) = -.232, p = .150, z = -.236; —

unprotected: p (38) =-.004, p =.982, z = -.004) (see table 3 of supplementary material).

[Figure 6]

4. Discussion

The aim of the present study was to investigate the ability of focused hypnotic
analgesia (FHA) to selectively modulate pain perception, that is, to modulate the perception
induced by nociceptive stimuli applied to the limb where the suggestion of hypoalgesia is
focused, without affecting the perception induced by the same stimuli applied to another
limb. To achieve this, thermonociceptive stimuli were randomly applied to both forearms of
each participant before, during and after FHA was administered to one of them using the
protective glove technique. Measures of pain intensity and unpleasantness were collected
after each stimulus. We had hypothesized that pain intensity and unpleasantness ratings
would be lower on the protected arm compared to the unprotected one specifically during the
suggestion of FHA, while no such difference was expected before or after the suggestion.
Furthermore, we predicted that the reduction in pain from before to during the suggestion
phase would be significantly greater for the protected arm than for the unprotected arm. Also,
we expected that modulation of pain intensity and unpleasantness would vary according to

the level of hypnotizability, with individuals exhibiting higher hypnotizability showing a greater
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reduction in pain perception during FHA compared to before and after. Similarly, it was
hypothesized that dissociation, automaticity, and absorption would increase during FHA,

while time perception would decrease.

Results showed significant differences in both pain intensity and unpleasantness
between the protected and unprotected forearms. During FHA, stimuli applied to the
protected arm elicited lower pain intensity and unpleasantness ratings than those applied to
the unprotected arm, whereas no differences between the arms were observed before or after
the suggestion. In addition, ratings for the protected arm were lower during FHA compared
to both before and after, while no significant differences were observed between the three
timepoints for the unprotected arm. Analyses of the delta scores of pain intensity and
unpleasantness between timepoints revealed that the decrease of pain during relative to
before the suggestion was greater for the protected arm than for the unprotected one.
Furthermore, the comparison of the after-during delta scores was also significant, with a
greater change in pain intensity and unpleasantness for the protected arm. This finding aligns
with the idea that, once the protection is removed, sensation returns to a level close to the

initial state.

Overall, the present results demonstrate that FHA suggestion can selectively modulate
pain perception within a restricted area of the body. Specifically, only the protected arm
showed a decrease in pain intensity and unpleasantness, while no modulation was observed
in the unprotected arm. This suggests that the observed changes were due to the hypnotic
suggestion itself, rather than to a general reduction in pain perception across the body. These
findings are in line with those of Sharav and Tal (2006) who also reported a localized reduction

in pain perception to electrical stimuli in the FHA-targeted area, with no effect on the control
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limb. However, contrasting evidence is found in the study of Benhaiem et al. (2001), where
pain threshold increased not only in the protected area but also, to a lesser extent, in the
unprotected site. This indicates that FHA suggestions might exert broader, non-specific effects
depending on the type of pain measure—suggesting that pain threshold and pain perception

could be modulated through partially distinct mechanisms.

Essentially, the design of the present study offers a methodological advance over
previous work. By randomizing the delivery of stimuli between the protected and control sites,
we minimized the influence of non-specific cognitive factors such as anticipation or
expectation. This design reinforces the interpretation that the modulation of pain perception
was indeed selective, and attributable specifically to the spatial focus of the suggestion—
something that earlier studies could not clearly establish. Moreover, since pain modulation
was observed in both intensity and unpleasantness, these findings, in agreement with
previous research (Sharav & Tal, 2006), suggest that hypnosis can selectively influence
different aspects of pain processing, including sensory-discriminative and emotional-cognitive

components.

Regarding underlying physiological mechanisms, in a study comparing wakefulness vs.
FHA during functional magnetic resonance imaging, Casiglia and colleagues (2020) have
observed a decreased activity in the primary somatosensory cortex, anterior cingulate cortex
and prefrontal cortex during FHA (Casiglia et al., 2020). As FHA seemed to alter the activity of
cortical regions involved in the processing of nociceptive afferents, authors suggest that the
technique may actually prevent noxious stimuli from reaching the cortical areas where they
are processed as painful. However, since the study was designed to investigate the general

hypnotic effect rather than the spatial selectivity of the analgesia on a particular body area, it
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does not allow us to determine whether the observed modulation was due to hypnosis itself
or to the specific mechanisms of FHA. It is therefore currently difficult to understand the
neural mechanisms by which hypnosis selectively modulates the perception of stimuli applied
to arestricted part of the body. However, some suggestions can be made based on the analogy
to studies conducted on selective attention in somatosensory modalities. Most of these
studies have been conducted using event-related evoked potentials (ERPs) and show that
selectively paying attention to a certain body part modulates the amplitude of ERP
components that are supposed to reflect the activity of the primary and mostly the secondary
somatosensory regions (e.g. Desmedt & Robertson, 1977; Forster et al., 2016; Forster & Eimer,
2005; Gherri et al., 2023; Michie, 1984; Michie et al., 1987; Mima et al., 1998; see Sambo &
Forster, 2011 for a review). Since these areas represent some somatotopy of the body, this
suggests that attention could selectively modulate the response of neurons receiving inputs
from the body region on which attention is focused (Sinclair, 2000). However, most of these
studies have been conducted using non-painful innocuous stimuli and therefore cortical
responses evoked by activation of the lemniscal system. Very few have been carried out using
stimuli that specifically activate thermonociceptive fibres. For example, Legrain et al. (2002)
applied radiant heat stimuli to the back of their participants' hands using a procedure similar
to our experiment and asked participants to pay attention to only one of the two hands to
detect changes in intensity without paying attention to the stimuli of the other hand. Results
showed a modulation of the amplitude of the ERPs, in particular the components with
lateralized scalp topography, suggesting a modulation of the responses of the cortical areas
receiving inputs from the contralateral part of the body (Legrain et al., 2002). In order to clarify

the cerebral underpinnings of the selective modulation of pain by FHA, future studies should
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rely on similar paradigms as the ones developed in selective attention using neuroimaging or

neurophysiology techniques.

Surprisingly, results of the present study were observed across the whole sample
suggesting that the FHA suggestion was effective irrespective to the level of hypnotizability.
This contrasts with previous studies that found FHA to be more effective among highly
hypnotizable individuals (Benhaiem et al., 2001; Sharav & Tal, 2004, 2006). Several factors
may explain this discrepancy. First, sample size of each group in this study (7 LH, 22 MH, 11
HH) was different than those of Sharav et al. (2006), mostly due to the absence of preselection
for hypnotizability in our study. Second, previous studies either included only LH and HH
participants and did not consider MH ones (Sharav & Tal, 2004, 2006) possibly contributing to
divergent findings. Third, in contrast to several previous studies on FHA, no formal hypnotic
induction was administered in the present protocol. According to Milling (2008), a suggestion
delivered without prior induction may not constitute a truly hypnotic procedure, but rather
what is referred to as an imaginative suggestion—a form of suggestion that relies more on
cognitive engagement and imagery than on a distinct hypnotic state (Milling, 2008). This
distinction is important, as imaginative suggestions tend to be more accessible to individuals
across all levels of hypnotizability, potentially explaining the absence of group differences in
the present study. Hence, the observed effect may reflect suggestion-based modulation of
somatosensory experience rather than hypnosis per se. Nevertheless, the reported increase
in the experience of dissociation does support the notion that FHA suggestions produced

hypnosis-related effects.

Finally, our exploratory analyses revealed that among the four items measuring facets

of the hypnotic experience, dissociation was significantly modulated during the FHA
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suggestion, compared to before and after. This is consistent with findings from a study
integrating hypnosis with virtual reality in which dissociation has been reported to be more
sensitive to the hypnotic context than absorption or time perception (Rousseaux et al., 2023).
Beyond its responsiveness to hypnotic suggestions, dissociation has also been shown to
predict hypnotizability levels. For example, Vanhaudenhuyse et al. (2019) demonstrated that
dissociation scores could reliably differentiate between high and low hypnotizable individuals
(Vanhaudenhuyse et al., 2019), as defined by the Stanford Hypnotic Susceptibility Scale, Form
C (SHSS C) (Weitzenhoffer & Hilgard, 1962). In the context of our study, this would suggest
that greater dissociation during FHA might be associated with stronger pain modulation, as
HH are known to benefit more from hypnotic suggestions than LH. However, our correlation
analyses did not reveal any significant association between dissociation scores and pain
modulation across timepoints (see Table 3 of supplementary material). This absence of
relationship may be interpreted by the lack of interaction observed between hypnotizability
and pain modulation (see above), possibly reflecting individual variability or methodological
limitations due to the absence of a formal hypnotic induction. The lack of significant
differences across timepoints for absorption and time perception items is also in line with
Rousseaux et al. (2023), who similarly reported no modulation of these dimensions during
virtual reality hypnosis. Although these measures were conceived based on the clinical and
research experience of several experts (Vanhaudenhuyse et al., 2019), further research on the
items of absorption and time perception needs to be conducted in order to identify the
hypnotic conditions in which they show a modulation. Lastly, the item measuring automaticity
was not modulated in our study (Polito et al., 2013; Rainville et al., 2019; Weitzenhoffer, 1974,

2002). This may be due to the absence of a formal hypnotic induction—used in prior studies
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(e.g., Desmarteaux et al., 2021; Rainville et al., 2019)—which likely limited the depth of the

hypnotic state achieved by participants.

The present study presents several limitations. First, for 13 participants out of 40, the
average pain intensity rating was less than 50 prior to the FHA procedure meaning that a
significant portion of the stimuli were not judged as painful by them. This could be due, on the
one hand, to the upper limit of 70° during the pain threshold assessment, which would mean
that such a temperature was not high enough to be clearly perceived as painful by some
participants, and, on the other hand, to habituation related to the repetition of the heat
stimuli. Accordingly, one could question the analgesic nature of the FHA procedure
administered and the interpretation of the results. However, complementary analyses
showed that the observed selective modulation of pain intensity and unpleasantness did not
differ depending on whether the stimuli were perceived as painful prior to FHA. In this study,
it could be argued that the suggestion produced hypoesthesia for some participants and

hypoalgesia for others, depending on the initial presence or absence of pain.

Second, participants recruited in this study were not preselected based on their level
of hypnotizability. One could argue that the lack of relationship between the observed effects
and hypnotizability could be explained by this absence of preselection, as the distribution of
hypnotizability levels have been uneven across the sample. From an ecological point of view,
this choice aligns with the real-world clinical settings, where hypnotizability is not
systematically assessed prior to hypnosis-based interventions. However, from an
experimental perspective, preselection could be useful for identifying the potential
generalizability of a given hypnotic procedure to broader population. Nevertheless, studies

suggest that about 70 to 90% of the population falls in the moderate range of hypnotizability,
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the rest being high or low responders (about 5 to 15% each) (Landry et al., 2017; Piccione et
al., 1989; Polito et al., 2013; Register & and Kihlstrom, 1986; Weitzenhoffer, 1974, 2002).
Interestingly, the sample in the present experiment exhibited similar proportions, suggesting
that it was representative of the general population. This challenges the necessity of focusing
on hypnotizability as a prerequisite in experimental research. Supporting this view, a meta-
analysis by Montgomery et al. (2011) found that hypnotizability accounted for only 6% of the
variance in clinical hypnosis outcomes, indicating that other factors likely play a more

substantial role in determining the effectiveness.

To conclude, results of the present study demonstrate that focused hypnotic analgesia
can selectively modulate pain intensity and unpleasantness at a targeted body location,
without affecting the rest of the body. Future studies should investigate the underlying brain
mechanisms responsible for this selective effect, in order to determine at which level of the

neuronal processing nociceptive signals are modulated.
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Figure 1. Time course of the experiment. Before the experimental phase, stimulus temperature was determined for each
participant using the method of limits. The experimental session consisted of three timepoints: before, during and after.
During each block, 20 stimuli were applied randomly and equally between the two forearms of the participant, followed by
the assessment of four items characterizing the hypnotic experience: absorption, dissociation, time perception and
automaticity. Between timepoints before and during, FHA was induced using the protective glove technique. Between the
timepoints during and after, FHA was ended by removing the glove. After the experimental phase, participants completed
the Edinburgh Handedness Inventory (EHI) (Oldfield, 1971) and measure of their hypnotizability was assessed using the Elkins

Hypnotizability scale (EHS) (Elkins, Barabasz, et al., 2015; Elkins, Johnson, et al., 2015; Kendrick et al., 2016) .

Figure 2. Boxplots representing pain intensity ratings for the protected (blue) and unprotected (red) arms across the three
times points (before, during and after). The boxes represent the interquartile range (IQR) with the thick internal line
representing the median of the data, the upper side the first quartile (Q1) and the lower side the third quartile (Q3). The dots
represent the mean values of each participant with the thin grey lines connecting the values of the protected and unprotected
arms of a same participant for each time condition. Unconnected dots of a given arm and timepoint are the outliers (< (Q1 -
1.5*IQR) or > (Q3 +1.5*IQR), and those were included in the calculation of the quartiles. The group-averaged mean values of
each condition are illustrated by the grey triangles. Significance levels are indicated with asterisks (** p <.01, *** p <.001).
Pain intensity ratings of the protected arm are significantly smaller during as compared to before and after FHA. Pain intensity

is also significantly smaller for the protected arm as compared to the unprotected one, only at the timepoint during.

Figure 3. Mean change in pain intensity perception between the different timepoints. Change in pain intensity is computed
by subtracting ratings between different timepoints. Before-During corresponds to the subtraction of pain intensity ratings
for timepoint during to those of timepoint before for each subject and each arm. The higher is the value, the greater is the
reduction of pain from before to during. After-During corresponds to the subtraction of pain intensity during to the perception
after. The higher is the value, the greater is the increase between during and after. Before-After corresponds to the
subtraction of the timepoint after to the timepoint before. The higher is the value, the greater is the intensity before
compared to after. Errors bars represent 95% confidence intervals of each condition. Significant differences are indicated

with asterisks ( *** p <.001).
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Figure 4. Boxplots representing pain unpleasantness ratings for the protected (blue) and unprotected (red) arms across the
three timepoints (before, during and after). The boxes represent the interquartile range (IQR) with the thick internal line
illustrating the median of the data, the upper side the first quartile (Q1) and the lower side the third quartile (Q3). The dots
represent the mean values of each participant with the thin grey lines connecting the values of the protected and unprotected
arms of a same participant for each time condition. Unconnected dots of a given arm and timepoint are the outliers (< (Q1 -
1.5*IQR) or > (Q3 +1.5*IQR), and those were included in the calculation of the quartiles. The group-averaged mean values of
each condition are illustrated by the grey triangles. Significance levels are indicated with asterisks (** p <.01, *** p <.001).
Pain unpleasantness ratings of the protected arm are significantly smaller during as compared to before and after FHA. Pain

intensity is also significantly smaller for the protected arm as compared to the unprotected one, only at the timepoint during.

Figure 5. Mean change in pain unpleasantness perception between the different timepoints. Change in pain unpleasantness
is computed by subtracting ratings between different time points. Before-During corresponds to the subtraction for each
subject and each arm of the ratings during to the those before. The higher is the value, the greater is the reduction of
unpleasantness from before to during. After-During corresponds to the subtraction of the ratings of during to the ones of
after. The higher is the value, the greater is the increase of unpleasantness between during and after. Before-After
corresponds to the subtraction of the timepoint after to the timepoint before. The higher is the value, the greater is the
perception of unpleasantness before compared to after. Errors bars represent 95% confidence intervals for each condition.

Significant differences are indicated with asterisks (** p <.01, *** p <.001).

Figure 6. Boxplots representing the 4 items dissociation, absorption, automaticity and time perception at the 3 timepoints
before, during and after FHA. Boxplots represent the interquartile range (IQR) with the first quartile (Q1), median and third
quartile (Q3). The isolated dots (not connected to the other ones of a given timepoint) are the outliers (< (Q1 -1.5*IQR) or >
(Q3 +1.5*IQR), and those were included in the calculation of the quartiles. Significant differences are indicated with asterisks
(** p £.01, *** p <.001). Only dissociation significantly differs between the different timepoints, increasing during FHA as

compared to before and after.
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