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ABSTRACT: Hypnosis is known for its effects on various psychophysiological phenomena, such as perception,
emotions, fatigue, and muscle strength. Besides the conflicting evidence on the influence of hypnosis on muscle
performance, its role in influencing central or peripheral fatigue remains poorly understood. Here, we investigated
the effects of a single hypnosis session, terminated with a precise posthypnotic suggestion, on muscle strength,
endurance, and myoelectric activity. Thirty participants (M = 17, F = 13) were divided into a Control (CO) and
a Hypnosis group (HY). Handgrip strength and endurance were tested in three pre- and post-training phases:
i) holding the handgrip as strongly as possible for 5 seconds (i.e. a measure of muscle strength); ii) after
a 1-minute passive pause, holding the handgrip as strongly and as long as possible (i.e. a measure of muscle
endurance); iii) after a further 1-minute pause, the first trial was repeated. All these procedures were repeated
after a 30-minute rest period during which the CO could use the time freely, the HY was subjected to the
hypnosis session. During the experimental procedures, surface EMG was applied to the forearm muscles to
assess neuromuscular fatigue. Regardless of a stronger improvement between pre- and post-processing in the
HY, we found no interaction effect between the groups. This suggests that a single post-hypnotic suggestion
is not sufficient to significantly increase the force exerted over time (i.e., impulse), and that the observed HY
improvement may be influenced by highly susceptible participants. Furthermore, despite this difference, we
found no change in forearm muscle activation. Our results show that a single hypnosis session negligibly altered
muscular performance. These findings contribute to the debate on the topic of hypnosis and fatigue but require
further investigation, given the observed tendency of the hypnosis group to delay fatigue.
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Hypnosis can be described as a modified state of consciousness
characterized by increased receptivity to suggestions aimed at
altering perception [1], emotions [2, 3], fatigue [4, 5], pain [6],
and muscle strength [7], among others. Hypnosis has also been
used to enhance the effects of mental imagery [8], to alleviate the
psychological discomfort associated with injury [9], and to improve
performance in sports such as archery, basketball, and golf, when
combined with relaxation [10-12]. Regarding muscle strength, as

early as 1961, lkai and Steinhaus [13] reported an average 25%
increase in strength in maximal voluntary contractions (MVC) of
the forearm flexor muscles after hypnotic suggestion. Mazini Filho
and coworkers [7] investigated the effects of hypnotic induction
on muscle strength in men with experience in resistance training.
These authors showed that hypnotic induction significantly in-
creased strength (approximately 14.8%) in the one-repetition
maximum test compared to controls. However, these data are in

a BioLoay oF SporT, VoL. 42 No3, 2025 303



contrast to other scientific articles. London and Fuhrer [14], for
example, showed that grip strength and endurance when holding
weights did not differ significantly under hypnotic and awake con-
ditions, whereby the former condition was examined in isolation,
i.e. without motivating suggestions. A few years later, Barber and
Calverley [15] found that grip strength did not differ between hyp-
notic and awake experimental treatments without motivational
suggestions. More recently, a study utilizing transcranial magnetic
stimulation (TMS) of the primary motor area of the right hand
compared different types of hypnosis. The results revealed a sig-
nificant increase in cortical excitability and endurance tolerance at
30% of the MVC, but only in the task-motivational hypnosis group.
This effect was not observed in the conventional hypnotic condi-
tioning or task-motivational groups [16]. Interestingly, a similar
study on knee extensors showed no differences in MVC, time-to-task
failure, cortical excitability, and voluntary activation between con-
trol and hypnosis conditions in a cross-sectional design study [17].
Regarding neurophysiological parameters, Williamson and col-
leagues [18] investigated brain activation during real and imaginary
handgrip under hypnosis. The authors showed that hypnosis affects
the activation of central control, highlighting a similar activation
of brain areas during imagined and real exercises. In addition,
electromyography (EMG) data indicated altered neuromuscular
activation under hypnosis, providing insight into the effects on
central fatigue. On the other hand, hypnosis has been shown to
reduce EMG amplitude in the masseter, temporalis, and frontalis
muscles [19-211, but some authors concluded that the actual
effect of hypnosis could not be confirmed due to intrinsic EMG
limitations [21]. Furthermore, in their study, Peter and collabora-
tors [22] investigated the strain and muscle activity during lifting
and holding up the right arm for 3 minutes. During hypnotic arm
lifting, total muscle activity was significantly lower compared to
voluntary holding, especially in terms of deltoid muscle activity.
Without hypnosis, muscle activity correlated positively with the
load, while no such correlation was found under hypnosis. While
this article was being written, a similar study to ours was published,
though without the use of EMG, reaching the same result [23].
Both hypnosis and control group showed no significant differences
in handgrip objective strength immediately afterward; however,
significant differences emerged one week after the experimental
session. Based on what has been introduced so far and in light of
the recent literature [24] it is possible to say that the hypnotic
effect on muscle strength and muscle endurance is not yet fully
elucidated.

In this study, we aimed to investigate whether a single hypnotic
induction can alter EMG parameters, MVC, and forearm muscle en-
durance using a handgrip strength test. Our hypothesis was that hyp-
nosis can increase muscle strength, delay fatigue-induced myoelec-
tric changes, and improve muscle endurance, even in the absence of
motivational suggestions. A better understanding of the effectiveness
of hypnotic manipulations on parameters of neuromuscular function
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that could ultimately affect athletic performance could be of benefit
to sports medicine practitioners and sports psychologists.

MATERIALS AND METHOD 'S 155
Participants

Participants were recruited from psychotherapy schools, postgradu-
ate schools of hypnosis, and extended acquaintances and partici-
pated voluntarily in this study. A total of 30 participants (F = 13;
M = 17; mean age: 42.33; SD: 15.87) were recruited and divided
into Control (CO) and Hypnosis (HY) groups. In order to detect an
effect of partial n° of 0.14 [25] with an « level of 0.05 and a power
of 0.80 in a two-way ANOVA with repeated measures and a non-
sphericity correction equal to 1, 28 participants would be required
(G*Power; 3.1.9.6 version).

The inclusion criteria were age > 18 years; no previous expeti-
ence with hypnosis; no neurological diseases; no psychiatric disor-
ders (including schizophrenia, psychosis, and borderline personali-
ty disorder); no cardiac diseases (especially hypertension); no
respiratory diseases; no musculoskeletal diseases in the upper limbs,
shoulders, and neck; and no intense physical activity on the previ-
ous day. We also asked the participants not to drink coffee or alco-
hol from 2 p.m. the day before and not to smoke from the morning
of the trial session. The study protocol was conducted in accordance
with the Declaration of Helsinki and approved by the research eth-
ics committees of the University of Split (Protocol 2181-205-02-05-
24-0027 approved March 1, 2024). Prior to participation, each par-
ticipant gave written, informed consent.

Procedures

During the first visit to the laboratory, the susceptibility of all par-
ticipants to hypnotic suggestions was assessed using Form C of
the Stanford Hypnotic Susceptibility Scale [25]. Receptivity to
hypnosis has been shown to be related to positive responses to at
least three of the following four indicators: closing the eyes, lower-
ing the right hand, rigidity of the right arm, and bringing the hands
together [26]. Participants who scored > 3 of the 4 indicators were
included in HY, while those who scored less than 3 were assigned
to CO. All procedures were performed by a psychologist who was
a hypnotherapist specializing in traditional and rapid hypnotic in-
duction techniques with ten years of experience. Upon arrival at
the laboratory, participants were seated in a comfortable position
for 10 minutes. They were familiarized with the study procedures,
including the application of the handgrip, and the electrodes were
attached to the participants (see EMG detection section; Fig. 1).
The handgrip test was, then, performed. In brief, participants were
asked to bend their elbow to 90 degrees and move closer until their
torso touched the table and the forearm rested. The arm was taped
to the torso and restrained in such a way as to prevent compensa-
tory movement. At this point, they were instructed to i) hold the
handgrip as strongly as possible for 5 seconds (i.e. a measure of
muscle strength); ii) after a 1-minute passive pause, hold the grip
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as strongly and as long as possible (i.e. a measure of muscle endur-
ance); iii) after a further 1-minute pause, the first trial was re-
peated. All these procedures were repeated after a 30-minute rest
period. All experiments were performed at the same time of day to
avoid circadian variations and in a room with controlled tempera-
ture (21°C; Table 1). Although both the CO and HY groups under-
went the same procedures, participants in the HY group received
a single hypnosis session during the 30-minute rest period between
trials while participants in the CO group freely employed the same
time. Once the participant was in a trance, the hypnotist gave the
following post-hypnotic suggestion: “Every time you pick up the
handgrip again and feel its weight, temperature, and texture, you
will immediately feel a surge of energy in your forearm and hand.
The more energy you feel, the tighter you will hold the handgrip.
And the tighter you hold it, the more energy you will feel in your
hand, forearm, and entire body. This energy will give you even
more strength and energy to hold”. At the end of the induction,
the hypnotist returned the participant to a normal waking state,
accompanied him to perform the second test and then left the room
without giving any further suggestions.

Measures

Muscle strength and muscle endurance

Handgrip force was assessed with a pre-calibrated isometric strain
gauge (MLTOO4/ST Grip Force Transducer, ADInstruments, New Zea-
land) connected to an analog-to-digital data-acquisition system
(PL3516 PowerLab 16/35, ADInstruments, New Zealand) at
a 1000 Hz sampling frequency (LabChart 8.1.30; ADInstruments,
New Zealand).

EMG detection

Bipolar surface EMGs were recorded from the adjacent forearm
muscles during the handgrip test. Five pairs of circular electrodes
(24 mm diameter, Kendall™ ECG, H124SG) were used, with the
electrodes in each pair aligned longitudinally along the forearm with
a center-to-center distance of 3 cm [27]. Although this number may
be relatively high for the small forearm muscles, we wanted to min-
imize type Il error [28] and ensure that most forearm muscles were
represented in the surface EMGs. The center of each pair of electrodes
was placed along a circumference located one-third of the distance
between the styloid processes of the forearm. This circumference
was determined by dividing the distance between the styloid process
of the radius and the lateral epicondyle of the humerus by three. The
distance between consecutive pairs of electrodes was set at 20% of
this circumference (Fig. 1). The EMGs were sampled with a 16-bit
A/D converter at 2 kHz (amplifier with a bandwidth amplifier of
10-500 Hz, Cometa Systems, Italy).

Data Analysis

Assessing myoelectric manifestations of fatigue

All raw EMGs were visually inspected for power line interference and
contact problems: none were discarded. Then, EMGs were trimmed
from 1 s after the force was increased to the MVC level to 1 s before
failure, when the force dropped below the noise level. To ensure
similar comparisons, EMGs collected both before and after the in-
tervention (rest in the CO) were truncated to the shortest duration
before and after the intervention. For each channel, the EMG power
spectrum for 1 s segments was calculated by squaring the absolute
value of the Fourier transform of the raw signal. This number provides

TABLE 1. Phases of the study: TO — T1: 1 month; T1 — T2: 1 week; T3 — T4 — T5: 2 months; T6 — T7: 1 week; CO: control group;

HY: hypnosis group; SHSS: Stanford Hypnotic Susceptibility Scale.

TO Tl T2 T3 — Before T4 — Between T5 — After T6 T7
trials
co HY co HY co HY
Recruitment X X
Eligibility Criteria X X
Informed Consent X
SHSS X
Familiarization study procedures X
Trials/Data Collection
Electrode position X
Handgrip test/EMG X X X

Intervention

V(1 | V@)

Statistical Analysis

(1) Freely employed time; (2) Hypnosis session with post-hypnotic suggestion;
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FIG. 1. Example of raw data (grip force and surface EMGs) and processed data (mean frequency) of a representative participant in
HY. The EMGs were collected considering the relative electrode position shown in the schematic illustration. EMGs were processed
over the same duration corresponding to the shortest endurance test. The regression lines were calculated for the MNF values by
minimizing the mean square residuals. The slope of the regression lines (bolded in the equations) obtained for each EMG channel
was used to assess how much, where and how extensively myoelectric fatigue manifested in the forearm muscles.

a sufficiently high spectral resolution (1 Hz) while allowing the as-
sessment of spectral changes during the course of a fatiguing
task [29]. The mean power frequency (MNF) was then computed
by weighting and averaging the spectral frequencies. As the MNF is
sensitive to changes in muscle fiber conduction velocity [30], it has
been successfully used to assess the myoelectric manifestations of
fatigue during both isometric [29] and dynamic contractions [31].
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Accordingly, we calculated here the slope of the regression lines
calculated via MNF and considered this slope (Fig. 1) as a proxy for
myoelectric fatigue during the pre- and post-trials. For each subject
and condition, we obtained five slope values, one for each channel.
Three descriptors were considered to evaluate the effect of hypnosis
on the myoelectric manifestation of fatigue. First, we segmented the
channels that provided MNF slopes whose absolute value was
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greater than 70% [32] of the maximum absolute slope among the
channels. Therefore, we calculated: i) the mean MNF value across
the segmented channels; ii) the number of segmented channels; and
iii) the centroid of the segmented channels, defined as the weighted
average of the coordinates at which surface EMGs were collected
from the forearm. These descriptors each indicate how strong, how
extensive and where in the forearm the myoelectric fatigue can occur.

Assessing surrogates of muscle function

Endurance and MVC trials were evaluated separately. How strongly
the participants held to the handgrip during the MVCs was assessed
by averaging the force value over 1 s windows, centered within the
5 s MVC trial. Four 100% MVC force values were obtained for each
participant, two (before and after) the first trial session and two (before
and after) the second trial session. Muscle endurance was also as-
sessed separately for each experimental session. The fluctuation in
muscle strength, computed as the standard deviation of strength, was
taken into account to assess how consistently participants were able
to maintain MVC levels during the endurance test. To account for how
strongly and for how long participants held onto the handle, we nu-
merically integrated the force over time, from the first moment the
force increased to the first moment it dropped back to the noise level.
The impulse values before and after rest (CO) and hypnosis (HY) were
calculated using the trapezoidal rule for integration.

Statistical analysis

The t-test or the U Mann-Whitney test was used to test for significant
differences and to identify possible confounding factors after the dis-
tribution of the variables age, weight, height, and BMI of the two
groups had been controlled using the Shapiro-Wilk normality test.
Fisher's exact test was used to check the equal distribution of gender
between the groups. A two-way ANOVA with repeated measures was
performed to analyze the effect of hypnosis on the EMG, MVC, and
endurance variables after the normal distribution of the dependent
variables was established. The factors considered were the “time” as
within subjects (two levels: baseline and after) and the “groups” as
between subjects (two levels: CO and HY). In addition, for all variables
where the distribution was skewed, the U Mann-Whitney test was
used to compare the groups at baseline and post-intervention, and
the Wilcoxon test was used to compare the groups at baseline and

post-intervention. Finally, a linear mixed model (LMM) was used to
test for significant differences in the variable “failure time from start”.
In this model, we used the average impulse rate as a covariate because
the force developed over time was heterogeneous among all partici-
pants. After comparing the estimated Akaike information criterion,
a random intercept and unstructured matrix were modeled. The
model included fixed effects for the groups, time, and impulse rate,
with a random intercept for participants at two time points. The
model coefficients were estimated using maximum likelihood estima-
tion. The likelihood ratio test was performed to test the goodness of
fit between the model with and without covariates. The Bonferroni
correction for multiple comparisons was applied and a was set to
0.05. IBM SPSS Statistic 29.0.1.0 was used to analyze the data.

RIES U LTS /5000000
Demographic characteristics

No significant difference was found between the groups in terms of
age, weight, BMI variables and gender distribution. The variable
height showed a significant difference between the groups (128 =
-2.667; p = .013). The results — along with sociodemographic
characteristics — are summarized in Table 2.

EMG variables

The non-parametric analysis revealed no significant differences in the
mean MNF slope (U Mann-Whitney test at baseline: p = .345;
U Mann-Whitney test after the intervention: p = .412; Wilcoxon test
CO: p = .233; Wilcoxon test HY: p = .609) and on the MNF NCHS
(U Mann-Whitney test at baseline: p = .870; U Mann-Whitney test
post-intervention: p = .838; Wilcoxon test CO: p = .952; Wilcoxon
test HY: p = .744). For the MNF focus, the ANOVA revealed no
significant differences (main effect within subjects: F; ,3 = .116,p =
.736; between-subjects effect: F; ,g = 2.032, p = .165; interaction
time x groups: F; ,g = .595, p = .447; pairwise comparison at base-
line: p = .593).

MVC variables

ANOVA revealed no significant differences in MVC strength, both
pre-intervention (main effect within subjects: F; ,5 = .526, p =
474; between-subjects effect: F; ,3 = 3.900, p = .058; time x group
interaction: F; ,5 = .166, p = .687; pairwise comparison at baseline:

TABLE 2. Demographic characteristics of the groups involved in the study.

Hypnosis (n = 15)

Control (n = 15) Comparison between groups

Gender 6M - 9F
Age (years), (IQR) 48 (34)
Weight (kg), Means (SD) 67.40 (17.99)
Height (m), Means (SD) 1.67 (12.06)
BMI, Means (SD) 24.11 (5.19)

11M - 4F p=.139
43 (34) p=.285
71.73 (15.79) p = .489
1.77 (10.18) p = .013*
22.54 (3.30) p=.331

IQR, interquartile range; SD, Standard deviation; BMI, body mass index; p, p-value. M, Male. F, Female; * significant value (p < .05).
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Error bar. 5% CI

FIG. 2. Mean values before (baseline) and after intervention impulse variable (A) and failure time (B).

Ns: Newton*Second; Sec.: seconds.

p = .067) and after the intervention (main effect within subjects:
F108 = .003, p = .957; between-subjects effect: F; ,5 = 3.893,
p = .058; interaction time x groups: F; o5 = .294, p = .592; pair-
wise comparison at baseline: p = .055).

Endurance variable

The non-parametric analysis revealed no significant differences in
strength fluctuation (U Mann-Whitney test at baseline: p = .089;
U Mann-Whitney test after the intervention: p = .217; Wilcoxon test
CO: p = .865; Wilcoxon test HY: p = .865). For the impulse variable,
the ANOVA revealed significant differences (main effect within sub-
jects: Fy .3 = 9.725, p = .004, partial 12 = .258; between-subjects
effect: Fy ,5 = .791, p = .381; interaction time x groups: F; 55 =
.706, p = .408; pairwise comparison to baseline: p = .193; Fig-
ure 2A). For the variable “failure time from start” the LMM showed
a significant difference in time (F; 39447 = 11.887, p = .002) and
impulse rate (F, 3058, = 39,117, p < .001, partial n? = .314), no
significant difference was found between the groups (F; 5771 =
1.351, p = .254) and in the interaction term time X group (F; 3067 =
1.351, p = .254; Fig. 2B).

DISCU'S S 1O /N 15
The present study was designed to test the hypothesis that hypnotic
suggestions would increase both MCV and endurance during handgrip
contraction. Contrary to our hypothesis, we did not find an interaction
effect between the groups. The statistical result can be explained by
simple chance, but it is also possible — based on our empirical obser-
vations — to assume that it may be due to the fact that participants
within the HY showed a very heterogeneous level of depth of hyp-
notic trance, characteristic, observed by the hypnotist through their
experience. The literature that has examined MVC and hypnosis is
sparse and also quite controversial. In general, a larger mean difference
between before and after in the HY group compared to CO is consis-
tent with the studies that have shown that hypnosis affects not only

the perception of pain and fatigue but also performance [3, 7, 11, 311.
The fact that strength improved over time is consistent with seminal
studies such as those of Ikai and Steinhaus [13], who reported an
approximate 25% increase in MVC under hypnosis. However, our
findings are consistent with other studies, such as that of Dittrich and
coworkers [171, which found no increase in MVC for knee extensors.
As mentioned in the introduction, there are some conflicting results
in the existing literature regarding the effects of hypnosis on perfor-
mance, particularly strength. London and Fuhrer [14], for example,
found no significant differences in grip strength or endurance under
hypnosis compared to awake, although the authors do not explicitly
state what type of hypnosis — or posthypnotic suggestion — was per-
formed. Although we used a specific post-hypnotic suggestion with
the aim of improving both strength and endurance, conditions that
seem to be crucial for maximizing the effects of hypnosis [71, we did
not find significant differences between the groups. Another difference
was that our HY included both men and women, whereas London
and Fuhrer [14] included only women. On the other hand, Mazini
Filho and coworkers [7] have shown that hypnotic induction has
a positive effect on improving maximal strength in individuals by pro-
moting a higher number of repetitions for the same load. However, in
contrast to our study, the authors examined 1-RM in the upper limbs,
included only male participants, and did not examine EMG. Further-
more, while this article was being written, Nieft and colleagues (2024)
conducted an experiment similar to ours, but without EMG, and came
to results that are consistent with ours. Participants were divided into
two groups: an experimental group that received a hypnosis session
and a control group that read the Schwarzenegger’s autobiography
during the same period. Handgrip force was measured at four time
points: before the hypnosis session, immediately after and one week
later, both before and after activation of the posthypnotic suggestion.
The subjective feeling of strength was measured using a visual analogue
scale. The results showed that the post-hypnotic suggestion primar-
ily increased subjective perception. Interestingly, force values increased
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significantly one week after the intervention, but not immediately
after. This article may suggest the effects discussed in our HY alone
may have led to a significant interaction between the groups after one
week. This research further confirms the great heterogeneity of results
in the literature about the topic strength and hypnosis. In our opinion,
given the extensive experience of the hypnotist who conducted the
experimental sessions, and supported by the literature, the discrep-
ancy between the experiments is most likely due to differences in the
suggestibility and hypnotic depth of the participants. In fact, it has
already been discussed that depth of hypnosis and hypnotic suggest-
ibility are associated with individual differences in neuroanatomy and/
or levels of functional connectivity [34], to the point that hypnotic
depth and hypnotic suggestibility should not be considered synonyms.
We would like to emphasize once again that suggestibility and depth
of hypnosis are not the same thing. The former describes how easily
a person can enter a hypnotic trance, while the latter indicates how
deeply they enter that trance. In this context, it is important to know
that the suggestibility index is not proportional to the depth of hyp-
nosis. In other words, it is possible for a person who is less suggestible
than another to reach a greater depth during hypnosis.

A strength of our research is the use of forearm EMG recording
during the experimental sessions. In our experimental setup, the EMG
frequency descriptor during contraction — and for the same duration
— showed no differences between the groups before and after the in-
tervention. It has been highlighted in the literature that the accumu-
lation of metabolites in the muscle fibers, which is a consequence of
the fatigue process, alters the pH and consequently the speed at which
the action potential propagates along the muscle fiber [33]. Since the
reduction in conduction velocity directly affects the mean frequen-
cy [34], the frequency descriptor should have changed significantly
between groups, which was not the case. Therefore, the sustained
voluntary activation of the muscles by the influence of hypnosis on
the central neural mechanisms could explain the observed significant
improvement in the impulse value, albeit only in the HY. However, the
lack of interaction between the groups does not allow us to determine
whether hypnosis is able to modulate central or peripheral fatigue.
The notion that central fatigue can be at least partially modulated by
hypnosis is supported by a study by Takarada and Nozaki [16]. The
researchers used transcranial magnetic stimulation of the primary mo-
tor cortex to investigate how hypnosis, together with a concurrent sug-
gestion that increased motivation for a strength task, affected the state
of the motor system. An increase in corticospinal excitability leading
to increased effort was observed, but only when the motivational sug-
gestion was administered during the hypnotic induction. This result
suggests that the hypnotic suggestion significantly altered the state of
the primary motor cortex and the corresponding behavior. Taken to-
gether, these evidences seem to contradict previous studies [7, 13],
as Takarada and Nozaki [16] which found no change in MVC by hyp-
notic suggestion alone. Regarding MVC strength and central/periph-
eral mechanisms, an interesting study by Ranganathan and col-
leagues [35] provides valuable insights into these processes. The

researchers investigated whether mental imagery alone could lead to
increases in strength in the little finger abductors and elbow flexors.
Thirty healthy participants were divided into groups that either per-
formed mental contractions or served as a control group, with some
participants performing MVC for comparison. The results showed that
mental training alone increased finger abduction strength by 35% and
elbow flexion strength by 13.5%. Even more interestingly, these gains
were accompanied by a significant increase in brain activity as mea-
sured by cortical potentials. The authors concluded that mental train-
ing can improve muscle strength by enhancing brain signals to the
muscles and suggested that neural adaptations, rather than muscle
hypertrophy, were responsible for these improvements. More recent-
ly, Dittrich and coworkers [17] investigated whether hypnosis can
modulate corticospinal excitability by examining its effects on knee
extensor muscles. The authors found no effect of hypnotic suggestions
on corticospinal excitability and intracortical inhibition but reported
a significant increase in the amplitude of the motor evoked potential
(MEP) and the short-term relationship between intracortical inhibi-
tion and MEP towards the end of exercise. If an increase in MEP am-
plitude and the Short-Interval Intracortical Inhibition/MEP ratio is ob-
served at the end of the exercise in the hypnosis group, this would
indicate that hypnosis facilitates greater activation of the muscle groups
involved. According to the existing literature, increased corticospinal
excitability is typically associated with increased EMG activity, reflect-
ing a stronger neural drive through the motor cortex [36, 371. The ob-
served changes thus suggest that hypnosis increased the performance
of the motor cortex, leading to increased muscle recruitment during
the task. However, this appears to be limited to participants who are
particularly susceptible to hypnosis. In contrast to the cited authors,
the hypnotherapist in our study was not involved in the hypnotic in-
ductions during the exercise and no motivational suggestions were
given, so this potential confounding factor could be excluded, and the
effect of hypnosis alone could be isolated. Although these studies ap-
pear contradictory, one plausible explanation is that this effect is me-
diated by increased recruitment of motor units or a reduction in in-
hibitory signals that normally limit voluntary muscle contraction under
fatiguing conditions [38, 39]. However, it is important to emphasize
that by using the handgrip, we indirectly observed the behavior of
smaller motor units and found an improvement in the impulse value
under MVC conditions after the intervention. Considering that our re-
sults would probably have been different if we had found a group of
people with the same high hypnotic susceptibility, it can be conclud-
ed that hypnosis during MVCs has a stronger effect during exercise
with small motor units than during submaximal efforts with large mus-
cle groups. This effect seems to act mainly on mechanisms related to
the central nervous system, including fatigue. In addition, hypnosis
could influence the top-down regulation of attentional processes, as
suggested by studies in which changes in functional connectivity be-
tween the anterior cingulate cortex and neural networks involved in
cognitive and emotional processing were observed [3]. These mech-
anisms could also partly explain the pulse increase we observed, as
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a reduction in central fatigue would allow hypnotized individuals to
maintain more efficient muscle activation during the task, which would
increase the pulse generated over time. In conclusion, our results do
not fully support the literature suggesting that hypnosis can positive-
ly influence strength endurance by modulating central fatigue. There-
fore, due to the limited and conflicting results in the current literature,
further studies are needed that simultaneously consider central and
peripheral fatigue parameters, different levels of hypnotic suggestibil-
ity, submaximal and maximal strength, and psychological profiles of
participants.

CON C LU S 1O/ S 50000000
Several limitations must be acknowledged. The differences observed
in the HY are coincidental, however, this aspect does not necessar-
ily represent a limitation. Rather, the result could be due to the large
statistical variability of the variables of interest, which in turn is

Andrea De Giorgio et al.

caused by the heterogeneity of the depth of hypnosis of the indi-
vidual participants. In addition, the hypothesis regarding central
fatigue during the MVC handgrip test induced by hypnosis requires
further investigation to confirm our above hypotheses. Finally, the
p-values for the MVC variables are close to the significance threshold,
and we hypothesize that the lack of statistical significance may be
due to the limited number of hypnosis sessions. With regard to this
point, it is important to emphasize that a homogeneous hypnosis
group, which is particularly susceptible to hypnosis, would in all
likelihood have led to clearer and more encouraging results. For this
reason, a further study with specific parameters for allocation to the
hypnosis group could lead to clearer results.
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