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Abstract

Pain is defined as “an unpleasant sensory and emotional experience associated with, or resembling that associated
with, actual or potential tissue damage”, according to the revised definition of the International Association of Pain

(IASP)
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The global burden of Pain

Pain is defined as “an unpleasant sensory and emotional experience
associated with, or resembling that associated with, actual or potential
tissue damage”, according to the revised definition of the International
Association of Pain (IASP) (Raja et al., 2020).

Pain is the most common reason for physician consultation in most of the
developed countries (De Bono et al., 2013). It is a major presenting
symptom in several medical conditions, and may significantly impact the
quality of life and general functioning of a person (Breivik et al., 2008).
Pain persisting for a long duration is referred to as “chronic” pain, while
the pain that resolves within a short period of time is referred to as “acute”.
Chronic pain is defined as the pain that persists or recurs for greater than
three months or beyond the expected period of healing (Treede et al.,
2019).

Epidemiological studies have reported that 10.1%-55.2% of the people in
various countries experience chronic pain (Tsang et al., 2008).The high
prominence of pain and pain-related diseases is the leading cause of
disability and disease burden globally (\VVos et al., 2017).

Owing to their limited efficacy, pain medications are useful only in 20%-—
70% of the cases (Moore et al., 2015). Moreover, there are frequent
significant side effects of medications, such as the recent opioid epidemic
in USA (Shipton et al., 2018), which is the most common reason for
people shifting to the use of complementary and alternative medicine
(Eisenberg et al., 1998).

Neural Correlates of Hypnotic Analgesia

The experience of pain may be dramatically influenced by cognitive
modulation (De Benedittis, 2020; De Benedittis, 2021). Among all the
cognitive interventions for pain modulation, hypnosis may be the most
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effective in clinical and experimental pain (Hauser et al., 2016; Jensen &
Patterson, 2014; Milling et al., 2021; Thompson et al., 2019).

“Hypnosis” can be defined as a state of consciousness that involves
focused attention and reduced peripheral awareness, which is
characterized by an enhanced capacity for response to suggestion (Elkins
et al., 2015). The subjective experience of hypnosis involves focused
attention, absorption capacity, a high degree of authenticity (experienced
as real), involuntariness, and cognitive/perceptual flexibility (Cardefa et
al., 2013; De Benedittis, 2015).

Given the complex multidimensional nature of the pain experience, it is
likely that hypnotic analgesia involves multiple mechanisms for pain
modulation.

The main mechanism underlying pain relief by means of hypnosis is a
top—down rather than a bottom—up mechanism (Landry et al., 2017).
Although a number of supraspinal sites have been reported to be involved
in the perception of pain, the most consistent areas identified across
different imaging studies are the thalamus, the primary and the secondary
somatosensory cortex (S1 and S2), the anterior cingulate cortex, the
insula, and the prefrontal cortex (Apkarian et al., 2005).

Taken together, these studies suggest that clinical hypnosis could play a
key role in maximizing both behavioral and neurophysiological
responses, as hypnosis is a cognitive phenomenon that affects central
nociceptive processing. Furthermore, these studies are supportive of
greater cognitive flexibility (i.e., the subjective capacity to shift from one
“state” to another) of the high hypnotizables compared to the low
hypnotizables (De Benedittis, 2015).

Neuro-imaging techniques have contributed in a decisive manner to
reveal the putative mechanisms of cognitive modulation of pain,
including hypnotic analgesia. Rainville et al. (1997) first demonstrated
that hypnotic manipulation of the degree of negative affective resonance
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(unpleasantness) elicited by a nociceptive stimulation in a group of
volunteers concomitantly induced corresponding changes in the activities
of the brain structures (such as increased/reduced activation of the
Anterior Cingulate Cortex, ACC) involved in the coding of motivational-
affective component of pain. No change was observed in the activity of
the primary sensorimotor cortex (S1), which is involved in the processing
of sensory-discriminative component of the nociceptive stimulus. The
study was followed by other research studies by the same group as well
as by Belgian researchers (Faymonville et al., 2000; Hofbauer et al.,
2001), which confirmed and extended the results of the afore-mentioned
study, suggesting that the ability of hypnosis to differentially modulate
the different aspects of pain perception is not rigid, structural, and
unidirectional, and rather dynamic and dependent on the structure and
formulation of the hypnotic suggestions.

Brain imaging studies have also shown increased activity in several
regions of prefrontal cortices and the brain stem during hypnotic analgesia
(De Benedittis, 2021). This activation seems consistent with the putative
activation of the descending pathways involved in pain regulation. A
review of functional neuro-imaging studies on pain perception during
hypnosis (Del Casale et al., 2012; Del Casale et al., 2016) indicated that
hypnosis-induced modifications in pain perception are associated with
functional changes in several Regions of Interest (ROIs), including the
cingulate (mainly ACC) as well as the prefrontal, insular, and pregenual
cortices, the thalamus, and the striatum. The ACC appears to be the key
target in the process of reducing pain perception, regardless of the
nociceptive stimulus applied, emphasizing the critical role of ACC in
hypnosis-induced modification in the sensory, affective, behavioral, and
cognitive aspects of nociception.

It is becoming increasingly clear that hypnosis is able to effectively
modulate not just the motivational-affective component of pain, rather
also the sensory-discriminative one (which is further directly linked to the
intensity of the nociceptive stimulation), although to a lesser extent. These
findings confirm the great cognitive-perceptual flexibility mediated by
trance, and would certainly exert a significant impact in the clinical
context. The hypnotic modulation in pain intensity causes changes in
pain-related activity mainly in the primary somatosensory cortex (S1),
while the modulation of pain unpleasantness induces changes mainly in
the anterior cingulate cortex (ACC), with the anterior (mid) cingulate
cortex possibly modulating both sensory and affective components of
pain (Faymonville et al., 2000).

Hypnotic analgesia may also be dependent on the activation of the
descending inhibitory systems that specifically modulate the spinal
transmission of the nociceptive input (Sandrini et al., 2000) . The
involvement of these systems during hypnotic suggestions of analgesia
was demonstrated in a few electrophysiological studies that reported that
hypnosis leading to a significant reduction in the amplitude of the
nociceptive flexion reflex (R-111), which is believed to be linearly
correlated to the intensity of perceived pain (Danziger et al., 1998;
Kiernan et al., 1995), and the effect was proportional to the extent of
hypnotic suggestibility.

In addition to spinal and supraspinal mechanisms, hypnosis also
modulates the activity of the autonomic nervous system (ANS) and
possibly the peripheral nervous system (PNS) as well. The sympatho-
vagal interaction of the ANS during trance was investigated for the first
time by De Benedittis et al. (1994) through the spectral analysis of the
heart rate variability signal (RR interval). The authors demonstrated that
hypnosis modulates the RR interval by shifting the balance of the
sympatho-vagal interaction toward an increased parasympathetic output,
concomitant with a reduction in the sympathetic tone. The effect
correlated positively with hypnotic susceptibility.

It has also been shown (Langlade et al., 2002) that the heat pain threshold
assessed with thermal stimuli is significantly elevated during hypnosis,
suggesting that hypnosis may down-regulate the neuronal inflow from the
stimulation of A delta and C fibres. A recent study (Paqueron et al., 2019)
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demonstrated that a focal glove hypnotic hand anesthesia could induce
thermal changes within the area of hypnotic protection.

In summary, the current evidence strongly supports the existence of
multiple hierarchical pain-control systems during hypnotic suggestions of
analgesia at different levels and sites within the nervous system (De
Benedittis, 2020; De Benedittis, 2021). At the peripheral level, hypnosis
may modulate the nociceptive input by down-regulating the stimulation
of A delta and C fibers and reducing the sympathetic arousal, which is
relevant for inducing and maintaining certain chronic pain states. At the
spinal level, hypnosis probably activates the descending inhibitory
systems by reducing the nociceptive R-I11 reflex, parallel to self-reported
reduction in pain. At the supraspinal cortical level, neuro-imaging and
electrophysiological studies have demonstrated the ability of hypnotic
suggestions of analgesia to directly and selectively modulate both sensory
and affective dimensions of pain perception (the latter exhibiting greater
significant reduction compared to pain). Furthermore, the highly
hypnotizable subjects possess stronger attentional filtering abilities
compared to the low hypnotizable subjects, and this greater cognitive
flexibility might result in better focusing and diverting attention from the
nociceptive stimulus as well as in better ignoring the irrelevant stimuli in
the environment.

Taken together, these data support the notion that cognitive (hypnotic)
modulation of pain causes dramatic alterations in the cortical Pain Matrix
.This complex network may represent the ‘Neurosignature’ of the
hypnotic modulation of pain (De Benedittis, 2020; De Benedittis, 2021).
However, hypnosis is not a panacea and is unlikely to serve as a stand-
alone therapy in the treatment of a variety of chronic pain syndromes,
including inflammatory and neuropathic pain. Given the multifactorial
nature of chronic pain, a multimodal approach, which includes hypnosis
as well as pharmacotherapy (such as NSAID, tricyclic antidepressants,
and antiepileptic drugs), is often the preferred and the most appropriate
treatment for pain control (De Benedittis et al., 2021).

Conclusions

Robust evidence suggests that hypnosis could be effective in the top-
down modulation of pain sensation in both acute and chronic pain states.
Recent studies on hypnotic analgesia are rather convergent and strongly
supportive of multiple hierarchical pain control systems during hypnotic
suggestions of analgesia at different levels and sites within the nervous
system, thereby providing a cognitive modulation of the Pain Matrix.
Taken together, these data support the notion that cognitive (hypnotic)
modulation of pain causes dramatic alterations in the cortical Pain Matrix
(De Benedittis, 2020; De Benedittis, 2021). This complex network may
represent the ‘Neurosignature’ of the hypnotic modulation of pain (De
Benedittis, 2021). However, hypnosis is not a panacea and is unlikely to
serve as a stand-alone therapy in the treatment of a variety of chronic pain
syndromes.
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