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� We test the relationship between hypnotizability and SEPs to non-painful and painful stimuli.
� N1–P2 complex was lower in high than low hypnotizability group.
� Subjects’ hypnotizability level affects SEPs to non-painful and painful stimuli.

a b s t r a c t

Objective: We evaluated the working hypothesis that the EEG activity associated to non-painful and pain-
ful stimuli in condition of waking state (no hypnotic procedure) was related to the hypnotizability level.
Methods: Hypnotizability level was measured in 16 healthy subjects through the Italian version of the
Stanford Hypnotic Susceptibility Scale (SHSS, score: 0–12). EEG data (56 electrodes) were recorded during
non-painful and painful electrical stimuli applied to the left index finger. Cortical activity (vertex N1–P2
complex) was compared in subjects with low hypnotizability level (N = 8, SHSS:0–6) vs. subjects with
high hypnotizability level (N = 8, SHSS:7–12).
Results: The amplitude of the N1–P2 complex was lower in the High-hypnotizability compared to the
Low-hypnotizability group over primary sensorimotor cortex (C3 and C4 electrodes) and centro-parietal
midline areas (Cz and Pz electrodes) for non-painful and painful stimuli. The SHSS showed a statistically
significant negative correlation with the vertex N1–P2 complex at C3 and Cz (r = �0.5, p < 0.05) elec-
trodes for non-painful stimuli.
Conclusion: Compared to the Low-hypnotizability subjects, High-hypnotizability subjects showed a
reduced cortical activity related to non-painful and painful stimuli.
Significance: The results suggest a relationship between hypnotizability and cortical activity related to
non-painful and painful stimuli in the condition of waking state (no hypnotic effect).

� 2013 Published by Elsevier Ireland Ltd. on behalf of International Federation of Clinical
Neurophysiology.
1. Introduction Crowson et al., 1991; Crawford et al., 1993, 1995; Gruzelier,
The level of hypnotizability is a stable personality trait that has
high test–retest reliability (Piccione et al., 1989; Kumar et al.,
1996). It has been shown that the level of hypnotizability varied
greatly in healthy individuals (Gibson, 1988; Dixon et al., 1990)
and correlated with attentional abilities, vividness of imagery, fan-
tasy proneness, creativity, and emotionality (Crawford, 1989;
2002). Furthermore, level of hypnotizability has important impli-
cations to predict the positive response to a range of psychological
therapies (Gruzelier, 2002; Spiegel, 2007; Kirenskaya et al., 2011).

Several studied have shown that electroencephalography (EEG)
is a viable approach to understand the relationship between corti-
cal activity and hypnotizability. EEG techniques analyzed the data
in frequency and time domains. For the frequency domain, it has
been reported that the theta power (4–8 Hz) was higher in subjects
with high hypnotizability compared to subjects with low hypnotiz-
ability in both waking and hypnotic conditions (Sabourin et al.,
1990; Crawford and Gruzelier, 1992; Crawford, 1994; Graffin
et al., 1995; De Pascalis et al., 1998; De Pascalis, 1999; Williams
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and Gruzelier, 2001). Furthermore, conflicting results were found
at gamma band (around 40 Hz; De Pascalis, 1999; De Pascalis
et al., 1989, 1998; Ray and Bjick, 1997). Some studies reported
an increase of gamma power in subjects with high hypnotizability
compared to subjects with low hypnotizability (De Pascalis et al.,
1998; Ray and Bjick, 1997). The opposite was found in another
study (De Pascalis et al., 1989).

For the time domain analysis, event-related potentials (ERPs)
studies have shown that compared to subjects with low hypnotiz-
ability, subjects with high hypnotizability are characterized, in both
waking and hypnotic state, by a reduction of N100 (N = negativity,
100 = voltage peak at about 100 ms post-stimulus) and/or P300
(P = positivity, 300 = voltage peak at about 300 ms post-stimulus)
components related to auditory (Crawford et al., 1996; Barabasz
et al., 1999; Gruzelier et al., 2002), visual (Spiegel et al., 1985; Nordby
et al., 1999; Barabasz et al., 1999; Jensen et al., 2001), and olfactory
(Barabasz and Lonsdale, 1983; Spiegel and Barabasz, 1988) stimuli.

In the last years, several studies have investigated the relation-
ship between hypnotizability and pain, a critical process for the sur-
vival of the organism, which allows for immediate awareness
concerning potential injury. Hypnotic procedures were able to re-
duce pain perception under a variety of both chronic (i.e. cancer)
and acute (i.e. painful medical procedures) conditions (Hilgard and
Hilgard, 1994; Holroyd, 1996). Furthermore, compared to subjects
with low hypnotizability, subjects with high hypnotizability have
shown a stronger reduction of pain perception following hypnotic
procedures (Hilgard and Hilgard, 1994; De Pascalis and Perrone,
1996; Holroyd, 1996; Chapman and Nakamura, 1998; Crawford
et al., 1998; Milling et al., 2010). It has also been reported a decrease
of late somatosensory ERP components in response to electrical or
laser painful stimuli during hypnotic procedures compared to base-
line condition (no hypnosis; Arendt-Nielsen et al., 1990; De Pascalis
and Carboni, 1997; Crawford et al., 1998; De Pascalis, 1999; De
Pascalis et al., 1998, 1999, 2008; Ray et al., 2002). In this regard, com-
pared to baseline condition, hypnotic analgesia provoked a reduc-
tion of P300 peak related to a laser painful stimuli in healthy
subjects (Arendt-Nielsen et al., 1990). Similarly, healthy subjects
showed a decrease of P300 peak related to electrical painful stimuli
during hypnotic suggestions of deep relaxation, dissociated imagery,
focused analgesia compared to baseline condition (De Pascalis et al.,
1999). Compared to subjects with mid and low hypnotizability, sub-
jects with high hypnotizability showed a stronger reduction of P300
peak related to electrical painful stimuli during hypnotic analgesia
compared to baseline condition (Ray et al., 2002; De Pascalis et al.,
1999, 2008). Furthermore, compared to baseline condition, a hyp-
notic obstructive hallucination produced a reduction on electrical
painful perception in parallel with reduction on P300 peak in healthy
subjects with high hypnotizability (De Pascalis and Carboni, 1997).
Finally, hypnotic analgesia induced a reduction of P200 and P300
peaks related to a electrical painful stimuli in subjects with chronic
back pain (Crawford et al., 1998).

To contribute to the vivid debate on relationship among hypno-
tizability, pain, and cortical activity, the present study tested the
hypothesis that somatosensory ERPs associated to electrical stimuli
were related to the level of hypnotizability also in a simple waking
state without hypnosis procedures. Compared to the previous stud-
ies, we evaluated two different levels of predictable electrical stim-
ulation, i.e. non-painful (No-Pain) and moderately painful (Pain).
Fig. 1. Sketch of the experimental design. This design included two conditions,
namely Pain, No-Pain. In all conditions, a visual warning stimulus (red screen,
duration 500 ms) preceded the electrical (painful or non-painful) stimulation of
2500 ms. Immediately after the electrical stimulation, a visual target stimulus
(green screen, duration 200 ms) appeared. The interval between electrical stimu-
lations of two subsequent trials was 10 s. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
2. Methods

2.1. Subjects

Sixteen young (8 female) right-handed healthy volunteers par-
ticipated to the present study. The mean subjects’ age was 24.8
(±0.9 standard error, SE) years. For each subject, the hypnotizabil-
ity level was measured through the Italian version of the Stanford
Hypnotic Susceptibility Scale, form C (SHSS, score: 0–12; De
Pascalis et al., 2000). The enrolled subjects were then subdivided
in two sub-groups of 8 persons: subjects with low hypnotizability
level (Low-hypnotizability, SHSS: 0–6, 3 female, mean subjects’
age: 23.8 ± 1.2 SE) and subjects with high hypnotizability level
(High-hypnotizability, SHSS:7–12, 5 female, mean subjects’ age:
25.6 ± 1.3 SE). T-testing for independent population was computed
to evaluate the presence or absence of statistically significant dif-
ferences between the two sub-groups for age (p < 0.05). Further-
more, Fisher exact test was computed to evaluate the presence
or absence of statistically significant differences between the two
groups for gender (p < 0.05). No statistically significant difference
was found (age: p > 0.35; gender: p > 0.3).

All subjects gave their written informed consent according to
the Declaration of Helsinki and could freely request an interruption
of the investigation at any time. The general procedures were ap-
proved by the local institutional ethics committee.

2.2. Experimental design

A sketch of the experimental design is shown in Fig. 1. Visual
warning stimuli (red screen, duration 500 ms) were followed
(2500 ms) by visual target stimuli (green screen, duration
200 ms) associated with an electrical stimulation at left index fin-
ger (forefinger). The interval between electrical stimulations of two
subsequent trials was 10000 ms, a time period sufficient to make
negligible the effects of habituation to stimulation and to reset
the brain processes specifically related to such kind of stimulation
(Bromm and Lorenz, 1998). The experimental design included two
conditions: No-Pain and Pain. In the No-Pain, a non-painful electri-
cal stimulation was applied, whereas in the Pain condition, a mod-
erately painful electrical stimulation was applied. For both
conditions, 100 trials were collected. Of note, the order of the
two conditions was randomly changed across the subjects.

2.3. Electrical stimulation

In all conditions, the somatosensory stimulus consisted of a
constant current monophasic pulse of 5 ms, which was intracuta-
neously applied to the tip of the left index finger (forefinger). This
electrical stimulation was delivered at the beginning of visual



Fig. 2. Electroencephalographic (EEG) electrode montage.
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stimulus. After drilling a hole in the stratum corneum of the first
phalanx of the left forefinger, a specially constructed electrode
was inserted and fixed on the skin (Bromm and Meier, 1984;
Bromm et al., 1989). This electrode was made of a gold pin (cath-
ode) with a ring electrode (anode), and it did not interfere with
the finger movement. A conductive bracelet located at wrist served
as a ground.

Experimental design included two levels of predictable electri-
cal stimulation, i.e. non-painful (No-Pain) and moderately painful
(Pain). Non-painful and moderately painful stimuli were given in
separate recordings blocks and subjects were told the level of the
simulation at the beginning of each recording block. Therefore,
they could reliably predict the kind of stimulation (i.e. painful,
non-painful) across that recording block. The magnitude of the
stimulation was determined by a series of increasing and decreas-
ing stimulus intensities at the beginning of each recording block. In
particular, the procedure was as follows. During the setting of the
stimulus intensity, subjects had to rate verbally the stimulus mag-
nitude by a numerical scale ranging from 0 (no sensation) to 10
(pain tolerance threshold). In this scale, the subjective evaluation
was 1 for sensory threshold, 2 for strong sensory (just before of
painful threshold), 3 for painful threshold, 4 for slight pain, 5 for
intermediate pain, 6 for moderate pain, and so on up to 10. For
the present experiments, the galvanic stimulation was delivered
at level 2 (strong sensory but not painful) in the non-painful
recording blocks and at level 6 (moderate pain) in the painful
recording blocks. At the end of each block subjects verbally con-
firmed the subjective evaluation of the stimulus intensity across
the blocks, by defining the control stimulation as ‘‘strong but
non-painful’’ and the experimental stimulation as ‘‘painful’’. To
minimize the effects of stress and fatigue, we could not test the ef-
fects due to different intensity levels in the range of non-painful
stimuli (Backer et al., 1999).

2.4. EEG recordings

The EEG data were continuously recorded (bandpass: 0.01–
100 Hz, sampling rate: 256 Hz; EB-Neuro Be-plus�, Firenze, Italy)
from 56 scalp electrodes (cap) positioned over the whole scalp
according to a 10–10 system. Fig. 2 shows the EEG electrode mon-
tage. The electrical reference was located between the AFz and Fz
electrodes, and the ground electrode was located between the Pz
and Oz electrodes. The electrode impedance was kept below
5 KOhm. Simultaneously, bipolar electro-oculographic data were
recorded to monitor blinking and eye movements (EOG; bandpass:
0.1–100 Hz; sampling rate: 256 Hz).

2.5. Preliminary EEG data analysis

The EEG and EOG data were segmented into single trials of 8 s
duration, each trial lasting from �5 to +3 s with respect to the ref-
erence time (i.e. onset of the target visual stimuli when the electri-
cal stimulation was applied). Data epochs showing instrumental,
ocular, and muscular artifacts were identified and automatically
eliminated by a computerized procedure using EEG and EOG sig-
nals as input (Moretti et al., 2003). The EEG data affected by ocular
artifacts were corrected with an autoregressive method (Moretti
et al., 2003). Finally, two expert electroencephalographists (C.D.P
and N.M.) manually confirmed the automatic selection and correc-
tion of the EEG single trials, with special attention to residual con-
tamination of the EEG epochs due to eye movements and blinking.
Therefore, only the EEG single trials totally free from artifacts were
considered for the subsequent analyses. These EEG epochs were re-
ferred to common average reference for further analyses.
For the Low-hypnotizability group, the mean number of the
artifact-free EEG single trials was of 79 (±6 SE) for the No-Pain con-
dition, and 78 (±5 SE) for the Pain condition. For the High-hypno-
tizability group, the mean number of the artifact-free EEG single
trials was of 84 (±3 SE) for the No-Pain condition, and 81 (±6 SE)
for the Pain condition. An ANOVA using the factors Group
(Low-hypnotizability, High-hypnotizability) and Condition (Pain,
No-Pain) served to compare the amount of artifact-free EEG single
trials for the two groups and two conditions. No statistically signif-
icant difference was found (p > 0.5).
2.6. Somatosensory evoked potentials (SEPs)

For the two conditions (No-Pain, Pain), the artifact-free EEG sin-
gle trials were averaged with respect to the onset of the target vi-
sual stimuli associated with electrical stimulation (zerotime), in
order to generate two classes of somatosensory evoked potentials
(SEPs). The first class was constituted by EEG single trials related
to the painful electrical stimulation, while the second class was
formed by EEG single trials related to the non-painful electrical
stimulation. The component typically reflecting cortical responses
at the electrical stimulation is the vertex N1–P2 complex (Chudler
and Dong, 1983; Chen, 1993; Chen et al., 1998a,b; Bromm and
Lorenz, 1998), defined as the amplitude difference between main
negative (N1) and positive (P2) peaks. The amplitude of N1 and
P2 peak was calculated with reference to a baseline taken in a
pre-stimulus period from 1 s before to the warning stimulus.
Firstly, to evaluate the latency of N1 and P2 peaks, the reference la-
tency at Cz electrode was measured in line with our previous ref-
erence studies (Babiloni et al., 2001, 2004a,b, 2006, 2007, 2008)
showing that vertex N1–P2 complex has central scalp distribution
that is maximal at midline central scalp sites. The N1 peak latency
was defined as the instant showing the maximum amplitude of the
negative SEPs in the range from +100 to +150 at Cz electrode. The
P2 peak latency was defined as the instant showing the maximum
amplitude of the positive SEPs in the range from +150 to +250 at Cz
electrode. Secondly, to analyze the spatial distribution of N1 and P2
peaks, the N1 and P2 peaks amplitude was automatically measured
for each experimental condition at each of the 56 electrodes.
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2.7. Topographic maps of the vertex N1–P2 complex

For illustrative purpose, the amplitude of the vertex N1–P2
complex in the Low-hypnotizability and High-hypnotizability
groups was depicted as topographical voltage maps (256 hues)
based on all electrodes of the montage. This was done for the
two conditions (No-Pain, Pain).
Fig. 3. Grand average waveforms (N = 16) of the somatosensory evoked potentials
(SEPs) computed from the scalp electrode sites of interest (Fz, C3, Cz, C4, Pz) in the
non-painful (No-Pain) and in the painful (Pain) electrical stimulation.

Table 1
Mean (±standard error, SE) of N1 and P2 peak latencies recorded at Cz electrode for
No-Pain and Pain conditions.

Latency No-pain Pain

N1 108 (±8) 117 (±6)
P2 220 (±14) 202 (±10)
2.8. Statistical analysis

The following three statistical sessions were performed.
The first session aimed at verifying the quality of the EEG exper-

iments in that the amplitude of the vertex N1–P2 complex was ex-
pected higher in painful (Pain) than non-painful (No-Pain)
stimulations. To this aim, the amplitude of the vertex N1–P2 com-
plex from enrolled subjects was used as an input for an ANOVA de-
sign. Mauchley’s test evaluated the sphericity assumption, and the
correction of the degrees of freedom was made by Greenhouse–
Geisser procedure. Duncan test was used for post hoc test compar-
isons (p < 0.05). The ANOVA used the factors Condition (No-Pain,
Pain), and Electrode (Fz, C3, Cz, C4, Pz). Of note, the electrodes of
interest were those roughly overlaying primary sensorimotor cor-
tex of both sides (C3, C4) and midline areas (Fz, Cz, Pz). The work-
ing hypothesis would be confirmed by the following two statistical
results: (i) a statistical ANOVA effect including the factor Condition
(p < 0.05); (ii) a post hoc test indicating statistically significant dif-
ferences of the vertex N1–P2 complex amplitude with the patterns
Pain > No-Pain (Duncan test, p < 0.05).

The second session tested the working hypothesis that the cor-
tical activity related to painful and/or non-painful stimuli was low-
er in High-hypnotizability compared to Low-hypnotizability
subjects. To this aim, the amplitude of the vertex N1–P2 complex
from High-hypnotizability and Low-hypnotizability subjects was
used as an input for an ANOVA design using age and gender as
covariates. The ANOVA used the factors Group (Low-hypnotizabil-
ity, High-hypnotizability), Condition (No-Pain, Pain), and Electrode
(Fz, C3, Cz, C4, Pz). The working hypothesis would be confirmed by
the following two statistical results: (i) a statistical ANOVA effect
including the factor Group (p < 0.05); (ii) a post hoc test indicating
statistically significant differences of the vertex N1–P2 complex
amplitude with the patterns High-hypnotizability < Low-hypnotiz-
ability (Duncan test, p < 0.05).

The third session tested the working hypothesis that the corti-
cal activity related to painful and/or non-painful stimuli was re-
lated to hypnotizability level. To this aim, we performed a
correlation analysis (Pearson test, p < 0.05) between the amplitude
of the vertex N1–P2 complex and the Stanford Hypnotic Suscepti-
bility Scale (SHSS) in all enrolled subjects as a single group. This
correlation was computed for the two conditions (No-Pain, Pain)
and for the five electrodes (Fz, C3, Cz, C4, Pz).
3. Results

3.1. Pain vs. No-Pain

Fig. 3 shows grand average waveforms (N = 16) of the SEPs com-
puted from the electrodes of interest (Fz, C3, Cz, C4, Pz) in the non-
painful (No-Pain) and painful (Pain) stimulations. The electrodes of
interest were those roughly overlaying primary sensorimotor cor-
tex of both sides (C3, C4) and midline areas (Fz, Cz, Pz). As a sign of
data reliability, standard components of the SEPs were observed
after the electrical stimulation, namely the vertex N1–P2 complex.
This complex was more represented at scalp vertex (Cz electrode
site; vertex potential). Furthermore, it was stronger in amplitude
in the Pain compared to No-Pain conditions.
Table 1 reports the mean (±SE) of N1 and P2 peak latencies for
No-Pain and Pain conditions. Furthermore, Fig. 4 shows the spatial
distribution of the vertex N1–P2 complex for the No-Pain and Pain
conditions. As expected, this complex was more represented at
scalp vertex and was stronger for the Pain compared to No-Pain
conditions.

The ANOVA for the evaluation of the quality of the EEG experi-
ments (i.e. the amplitude of the vertex N1–P2 complex was ex-
pected higher in Pain than No-Pain conditions) showed a
statistically significant interaction (F(4,60) = 2.93; p < 0.02; see
Fig. 5) between the factors Condition (No-Pain, Pain) and Electrode
(Fz, C3, Cz, C4, Pz). Duncan post hoc testing indicated that the
amplitude of the vertex N1–P2 complex was higher in the Pain
than in the No-Pain conditions at Fz (p = 0.0003), C3
(p = 0.00008), Cz (p = 0.00003), C4 (p = 0.0002), and Pz
(p = 0.00004) electrodes. The present results confirmed the quality
of our EEG experiment.

3.2. Low-hypnotizability vs. High-hypnotizability

Fig. 6 shows grand average waveforms (N = 8) of the SEPs
computed from the electrodes of interest (Fz, C3, Cz, C4, Pz) in
the non-painful (No-Pain) and painful (Pain) stimulations for
Low-hypnotizability and High-hypnotizability groups. For both
conditions (No-Pain, Pain), the amplitude of the vertex N1–P2
complex was lower in the High-hypnotizability compared to
Low-hypnotizability subjects at C3, Cz, C4 and Pz electrodes.



Fig. 4. Spatial distribution of the vertex N1–P2 complex for the No-Pain and Pain
conditions. Color scale indicates voltage (lV) with 256 hues. The maximal voltage
value of the vertex N1–P2 complex is reported under the maps.

Fig. 5. Across subjects’ means (±standard error, SE) of the N1–P2 complex
amplitude illustrating a statistical ANOVA interaction between the factors condition
(No-Pain, Pain), and electrode (Fz, C3, Cz, C4, Pz).

Fig. 6. Grand average waveforms (N = 16) of the SEPs computed from the scalp
electrode sites of interest (Fz, C3, Cz, C4, Pz) for the No-Pain and Pain conditions in
the Low-hypnotizability and in the High-hypnotizability group.

Table 2
Mean (±standard error, SE) of N1 and P2 peak latencies recorded at Cz for the Pain and
No-Pain conditions in the Low-hypnotizability and in the High-hypnotizability group.

Latencies (ms)

Low-hypnotizability High-hypnotizability

No-Pain Pain No-Pain Pain

N1 112 (±4) 115 (±10) 104 (±16) 119 (±8)
P2 215 (±18) 200 (±12) 225 (±23) 204 (±18)
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Table 2 reports the mean (±SE) of N1 and P2 peak latencies for
No-Pain and Pain conditions in the Low-hypnotizability and High-
hypnotizability groups. Furthermore, Fig. 7 shows the spatial dis-
tribution of the vertex N1–P2 complex for the No-Pain and Pain
conditions in the Low-hypnotizability and in the High-hypnotiz-
ability subjects. This complex was lower in amplitude in the
Low-hypnotizability compared to the High-hypnotizability sub-
jects for both conditions (No-Pain, Pain).

The ANOVA for the evaluation of the first working hypothesis
(i.e. amplitude difference of the vertex N1–P2 complex between
Low-hypnotizability vs. High-hypnotizability groups) showed a
statistically significant interaction (F(4,56) = 2.64; p < 0.04; see
Fig. 8) between the factors Group (Low-hypnotizability, High-hyp-
notizability) and Electrode (Fz, C3, Cz, C4, Pz). Duncan post hoc
testing indicated that regardless the factor Condition, the ampli-
tude of the vertex N1–P2 complex was lower in the High-hypnotiz-
ability than in the Low-hypnotizability subjects at C3 (p = 0.00007),
Cz (p = 0.00003), C4 (p = 0.0003), and Pz (p = 0.01) electrodes. The
present results confirmed the working hypothesis of a decrease
of cortical activity related to painful and/or non-painful stimuli
in the High-hypnotizability compared to the Low-hypnotizability
subjects.
Finally, the amplitude of the vertex N1–P2 complex for the two
conditions (No-Pain, Pain) and for the five electrodes (Fz, C3, Cz, C4,
Pz) was correlated with the Stanford Hypnotic Susceptibility Scale
(SHSS; Pearson test, p < 0.05). SHSS showed a statistically signifi-
cant negative correlation with amplitude of the vertex N1–P2 com-
plex at C3 (r = �0.5, p = 0.04) and Cz (r = �0.5, p = 0.04) electrodes
only for No-Pain conditions (see Fig. 9).
4. Discussion

In the present study, we tested the hypothesis that EEG cortical
activity associated to non-painful and painful stimuli was related
to the level of hypnotizability in the condition of waking state
(no hypnotic procedure). In particular, we verified that compared
to subjects with low hypnotizability, subjects with high hypnotiz-
ability was characterized by an amplitude modulation of N1–P2
complex related to electrical non-painful and painful stimuli.

We report that N1–P2 complex was more represented at scalp
vertex (Cz electrode site) and was stronger in the painful compared
to the non-painful condition, in line with previous EEG evidence
showing a typical negative-positive peak complex 100–300 ms fol-
lowing an electrical painful stimulus, which is typically highest in
amplitude at scalp vertex (Chudler and Dong, 1983; Chen, 1993;



Fig. 7. Spatial distribution of the vertex N1–P2 complex for the No-Pain and Pain
conditions in the Low-hypnotizability and High-hypnotizability groups. Color scale
indicates voltage (lV) with 256 hues. The maximal voltage value of the vertex N1–
P2 complex is reported under the maps.

Fig. 8. Across subjects’ means (±standard error, SE) of the vertex N1–P2 complex
amplitude illustrating a statistical ANOVA interaction between the factors Group
(Low-hypnotizability, High-hypnotizability), and electrode (Fz, C3, Cz, C4, Pz).
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Chen et al., 1998a,b; Bromm and Lorenz, 1998). The specificity of
this effect was suggested by the significant correlation among
the vertex potential amplitude, pain magnitude, and analgesics
Fig. 9. Scatterplots showing the correlation between the amplitude of vertex N1–P2 com
The r- and p-values in the diagram refer to Pearson correlation.
administration (p < 0.05). The negative-positive peak complex
would roughly model the event-related response of midfrontal
and cingulate cortex, deeply involved in the attentional and affec-
tive aspects of the cortical information processing (Bromm and
Lorenz, 1998; Chen et al., 1998b).

As original results of the present study, we found that N1–P2
complex related to both non-painful and painful stimuli in waking
state was lower in amplitude in the subjects with high hypnotiz-
ability compared to the subjects with low hypnotizability. This
was observed in a large scalp region overlying primary sensorimo-
tor cortex of both hemispheres (C3 and C4 electrodes), as well as
centro-parietal midline areas (Cz and Pz electrodes). Furthermore,
the level of hypnotizability was negatively related to the amplitude
of the N1–P2 complex overlying sensorimotor cortex of left hemi-
sphere (C3 electrode) and central midline area (Cz electrode) only
for non-painful stimuli. The present results suggest that in the con-
dition of waking state, there was a reduced cortical activity related
to both non-painful and painful stimuli in the subjects with high
hypnotizability compared to those with high hypnotizability.

What is the relationship between hypnotizability and cortical
activity related to both non-painful and painful stimuli? Human
nociception is a multidimensional phenomenon involving separate
sensory-discriminative, affective-motivational, and cognitive as-
pects, which would be subserved by a distributed brain system
(Melzack and Casey, 1968; Coghill et al., 1994). Positron emission
tomography has revealed that the major brain structures involved
in tonic painful information processing are the contralateral insula,
anterior cingulate cortex (ACC), the bilateral thalamus and premo-
tor cortex, and the cerebellar vermis (Casey, 1999). Furthermore,
the vertex N1–P2 complex is mostly generated by neurons in the
anterior cingulate cortex (ACC) and is important for the emotional
component of sensation (Bromm and Chen, 1995; Valeriani et al.,
1996; Garcia-Larrea, 1998; Garcia-Larrea et al., 2003; Frot et al.,
1999). The ACC is part of the limbic system and mainly modulates
the affective- emotional component of pain perception (Derbyshire,
2000; Peyron et al., 2000). Therefore, it can be speculated that com-
pared to the subjects with low hypnotizability, the subjects with
high hypnotizability are characterized by a reduced activation of
ACC areas during non-painful and painful stimuli.

The results of the present study are compatible with previous
EEG findings showing that compared to subjects with low hypno-
tizability, subjects with high hypnotizability were characterized by
a stronger reduction of late ERPs potentials related to a electrical or
laser painful stimuli in hypnotic (i.e. hypnotic analgesia, hypnotic
suggestions of deep relaxation, dissociated imagery, hypnotic
obstructive hallucination) compared to waking condition (De
Pascalis and Carboni, 1997; Crawford et al., 1998; De Pascalis,
1999; De Pascalis et al., 1998, 1999, 2008; Ray et al., 2002). Fur-
thermore, the present findings extend previous evidence reporting
plex and the Stanford Hypnotic Susceptibility Scale in all subjects as a single group.
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that compared to subjects with low hypnotizability, subjects with
high hypnotizability present an amplitude reduction of ERPs com-
ponents related to auditory, visual, and olfactory stimuli not only
in hypnotic state but also in normal waking condition (Barabasz
and Lonsdale, 1983; Spiegel et al., 1985; Spiegel and Barabasz,
1988; Crawford et al., 1996; Nordby et al., 1999; Barabasz et al.,
1999; Jensen et al., 2001; Gruzelier et al., 2002).

In conclusion, here we tested that the EEG cortical activity asso-
ciated to non-painful and painful stimuli was related to the level of
hypnotizability in condition of waking state (no hypnotic proce-
dure). Results showed that the amplitude of the N1–P2 complex
was lower in the subjects with high hypnotizability compared to
the subjects with low hypnotizability. This was true in a large scalp
region overlying primary sensorimotor cortex of the two hemi-
spheres (C3 and C4 electrodes) and centro-parietal midline (Cz
and Pz electrodes) for both non-painful and painful conditions.
Furthermore, the level of hypnotizability showed a statistically sig-
nificant negative correlation with amplitude of the N1–P2 complex
at C3 and Cz electrodes only for non-painful stimuli (p < 0.05). The
present results suggest a relationship between hypnotizability and
cortical activity related to both non-painful and painful stimuli in
the condition of waking state (no hypnotic procedure).

Acknowledgments

The research was supported by Ministero dell’Istruzione,
dell’Università e della Ricerca by the PRIN2008 grant for the re-
search project entitled ‘‘Cognitive and physiologic responses to
painful stimulation in subjects with high versus low
hypnotizability’’.

References

Arendt-Nielsen L, Zachariae R, Bjerring P. Quantitative evaluation of hypnotically
suggested hyperaesthesia and analgesia by painful laser stimulation. Pain
1990;42:243–51.

Babiloni C, Babiloni F, Carducci F, Cincotti F, Rosciarelli F, Rossini P, et al. Mapping of
early and late human somatosensory evoked brain potentials to phasic galvanic
painful stimulation. Hum Brain Mapp 2001;12:168–79.

Babiloni C, Brancucci A, Arendt-Nielsen L, Babiloni F, Capotosto P, Carducci F, et al.
Attentional processes and cognitive performance during expectancy of painful
galvanic stimulations: a high-resolution EEG study. Behav Brain Res
2004a;152:137–47.

Babiloni C, Brancucci A, Arendt-Nielsen L, Del Percio C, Babiloni F, Pascual-Marqui
RD, et al. Cortical sensorimotor interactions during the expectancy of a go/no-go
task: effects of painful stimuli. Behav Neurosci 2004b;118:925–35.

Babiloni C, Brancucci A, Capotosto P, Del Percio C, Romani GL, Arendt-Nielsen L,
et al. Different modalities of painful somatosensory stimulations affect
anticipatory cortical processes: a high-resolution EEG study. Brain Res Bull
2007;71:475–84.

Babiloni C, Brancucci A, Del Percio C, Capotosto P, Arendt-Nielsen L, Chen AC, et al.
Anticipatory electroencephalography alpha rhythm predicts subjective
perception of pain intensity. J Pain 2006;7:709–17.

Babiloni C, Del Percio C, Brancucci A, Capotosto P, Le Pera D, Marzano N, et al. Pre-
stimulus alpha power affects vertex N2–P2 potentials evoked by noxious
stimuli. Brain Res Bull 2008;75:581–90.

Backer M, Knecht S, Deppe M, Lohmann H, Ringelstein EB, Henningsen H. Cortical
tuning: a function of anticipated stimulus intensity. Neuroreport
1999;10:293–6.

Barabasz AF, Lonsdale C. Effects of hypnosis on P300 olfactory-evoked potential
amplitudes. J Abnorm Psychol 1983 Nov;92:520–3.

Barabasz A, Barabasz M, Jensen S, Calvin S, Trevisan M, Warner D. Cortical event-
related potentials show the structure of hypnotic suggestions is crucial. Int J
Clin Exp Hypn 1999 Jan;47:5–22.

Bromm B, Meier W. The intracutaneous stimulus: a new pain model for algesimetric
studies. Methods Find Exp Clin Pharmacol 1984;6:405–10.

Bromm B, Chen CAN. Brain electrical source analysis of laser evoked potentials in
response to painful trigeminal nerve stimulation. Electroencephalogr Clin
Neurophysiol 1995;95:14–26.

Bromm B, Lorenz J. Neurophysiological evaluation of pain. Electroencephalogr Clin
Neurophysiol 1998;107:227–53.

Bromm B, Meier W, Scharein E. Pre-stimulus/post-stimulus relations in EEG spectra
and their modulations by an opioid and an antidepressant. Electroencephalogr
Clin Neurophysiol 1989;73:188–97.

Casey K. Forebrain mechanisms of nociception and pain: analysis through imaging.
Proc Natl Acad Sci 1999;96:7668–74.
Chapman CR, Nakamura Y. Hypnotic analgesia: a constructivist framework. Int J
Clin Exp Hypn 1998;1:6–27.

Chen ACN. Human brain measures of clinical pain, a review: I. topographic
mappings. Pain 1993;54:115–32.

Chen ACN, Arendt-Nielsen L, Plaghki L. Laser-evoked potentials in human pain: I.
Use and possible misuse. Pain Forum 1998a;7:174–90.

Chen ACN, Arendt-Nielsen L, Plaghki L. Laser-evoked potentials in human pain: II.
Cerebral generators. Pain Forum 1998b;7:201–11.

Chudler EH, Dong WK. The assessment of pain by cerebral evoked potentials. Pain
1983;16:221–44.

Coghill RC, Talbot JD, Evans AC, Meyer E, Gjedde A, Bushnell MC, et al. Distributed
processing of pain and vibration by the human brain. J Neurosci
1994;4:4095–108.

Crawford HJ. Cognitive and physiological flexibility: multiple pathways to hypnotic
responsiveness. In: Gheorghiu V, Netter P, Eysenck H, Rosenthal R, editors.
Suggestion and suggestibility: theory and research. New York, NY: Plenum;
1989. p. 155–68.

Crawford HJ. Barin dynamics and hypnosis: attentional and disattentional
processes. Int J Clin Exp Hypn 1994;42:204–32.

Crawford HJ, Gruzelier J. A midstream view of the neuropsychophysiology of
hypnosis: recent research and future directions. In: Fromm W, Nash M, editors.
Hypnosis; research developments and perspectives. 3rd ed. New
York: Guildford Press; 1992. p. 227–66.

Crawford HJ, Brown AM, Moon CE. Sustained attentional and disattentional
abilities: differences between low and highly hypnotizable persons. J Abnorm
Psychol 1993;102:534–43.

Crawford HJ, Kapelis L, Harrison DW. Visual field asymmetry in facial affect
perception: moderating effects of hypnosis, hypnotic susceptibility level,
absorption, and sustained attentional abilities. Int J Neurosci 1995;82:11–23.

Crawford HJ, Corby JC, Kopell BS. Auditory event-related potentials while ignoring
tone stimuli: attentional differences reflected in stimulus intensity and latency
responses in low and highly hypnotizable persons. Int J Neurosci
1996;85:57–69.

Crawford HJ, Knebel T, Kaplan L, Vendemia JMC. Hypnotic analgesia: 1.
somatosensory event-related potential changes to noxious stimuli 2. transfer
learning to reduce chronic low back pain. Int J Clin Exp Hypn 1998;1:92–132.

Crowson J, Conroy AM, Chester TD. Hypnotizability as related to visually induced
affective reactivity. Int J Clin Exp Hypn 1991;39:140–4.

De Pascalis V. Psychophysiological correlates of hypnosis and hypnotic
susceptibility. Int J Clin Exp Hypn 1999;47:117–43.

De Pascalis V, Bellusci A, Russo PM. Italian norms for the Stanford Hypnotic
susceptibility scale, Form C. Int J Clin Exp Hypn 2000;48:15–23.

De Pascalis V, Perrone M. EEG asymmetry heart rate during experience of
hypnotic analgesia in high low hypnotizables. Int J Psychophysiol
1996;21:163–75.

De Pascalis V, Carboni G. P300 event-related-potential amplitudes and evoked
cardiac responses during hypnotic alteration of somatosensory perception. Int J
Neurosci 1997;92:187–207.

De Pascalis V, Marucci FS, Penna PM. 0-Hz EEG asymmetry during recall of
emotional events in waking and hypnosis: differences between low and high
hypnotizables. Int J Psychophysiol 1989;7:85–96.

De Pascalis V, Ray WJ, Tranquillo I, D’Amico D. EEG activity and heart rate during
recall of emotional events in hypnosis: relationships with hypnotizability and
suggestibility. Int J Psychophysiol 1998;29:255–75.

De Pascalis V, Magurano MR, Bellusci A. Pain perception, somatosensory event-
related potentials and skin conductance responses to painful stimuli in high,
mid, and low hypnotizable subjects: effects of differential pain reduction
strategies. Pain 1999;83:499–508.

De Pascalis V, Cacace I, Massicolle F. Focused analgesia in waking and hypnosis:
effects on pain, memory, and somatosensory event-related potentials. Pain
2008;134:197–208.

Derbyshire SW. Exploring the pain ‘neuromatrix’. Curr Rev Pain 2000;4:467–77.
Dixon M, Brunet A, Laurence JR. Hypnotizability and automaticity: toward a parallel

distributed processing model of hypnotic responding. J Abnorm Psychol
1990;99:336–43.

Frot M, Rambaud L, Guenot M, Mauguiere F. Intracortical recordings of early pain-
related CO2-laser evoked potentials in the human second somatosensory (SII)
area. Clin Neurophysiol 1999;110:133–45.

Garcia-Larrea L. Multimodal approaches to generators of laser evoked potentials:
with a little help from our friends. Pain Forum 1998;7:216.

Garcıa-Larrea L, Frot M, Valeriani M. Brain generators of laser evoked potentials:
from dipoles to functional significance. Neuropysiol Clin 2003;33:279–92.

Gibson HB. Correlates of hypnotic susceptibility. In: Heap M, editor. Hypnosis:
current clinical, experimental and forensic practices. London: Croom Helm;
1988. p. 51–60.

Graffin NF, Ray WJ, Lundy R. EEG concomitants of hypnosis and hypnotic
susceptibility. J Abnorm Psychol 1995;104:123–31.

Gruzelier J. New insights into the nature of hypnotizability. In: 4O Simposio da
Fundacao BIAL Porto, Portugal: Fundacao BIAL; 2002. p. 275–92.

Gruzelier J, Gray M, Horn P. The involvement of frontally modulated attention in
hypnosis and hypnotic susceptibility: cortical evoked potential evidence.
Contemp Hypn 2002;19:179–89.

Hilgard ER, Hilgard JR. Hypnosis in the relief of pain. New York: Brunner/Mazel
Inc; 1994.

Holroyd J. Hypnosis treatment of clinical pain: understanding why hypnosis is
useful. Int J Clin Exp Hypn 1996;44:33–51.



C. Del Percio et al. / Clinical Neurophysiology 124 (2013) 1448–1455 1455
Jensen SM, Barabasz A, Barabasz M. Warner D.EEG P300 event-related markers of
hypnosis. Am J Clin Hypn 2001;44:127–39.

Kirenskaya AV, Novototsky-Vlasov VY, Chistyakov AN, Zvonikov VM. The
relationship between hypnotizability, internal imagery, and efficiency of
neurolinguistic programming. Int J Clin Exp Hypn 2011;59:225–41.

Kumar VK, Pekala RJ, Cummings J. Trait factors, state effects, and hypnotizability. Int
J Clin Exp Hypn 1996;44:232–49.

Melzack R, Casey KL. Sensory, motivational, and central control determinants of
pain. A new conceptual model. In: Kenshalo DR, editor. The skin
senses. Springfield, IL: Charles C. Thomas; 1968. p. 423–43.

Milling LS, Coursen EL, Shores JS, Waszkiewicz JA. The predictive utility of
hypnotizability: the change in suggestibility produced by hypnosis. J Consult
Clin Psychol 2010;78:126–30.

Moretti DV, Babiloni F, Carducci F, Cincotti F, Remondini E, Rossini PM, et al.
Computerized processing of EEG–EOG–EMG artifacts for multicentric studies in
EEG oscillations and event-related potentials. Int J Pshycophysiol
2003;47:199–216.

Nordby H, Hugdahl K, Jasiukaitis P, Spiegel D. Effects of hypnotizability on
performance of a Stroop task and event-related potentials. Percept Mot Skills
1999;88:819–30.

Peyron R, Laurent B, Garcia-Larrea L. Functional imaging of brain responses to pain.
A review and meta-analysis. Neurophysiol Clin 2000;30:263–88.

Piccione C, Hilgard E, Zimbardo P. On the degree of stability of measured
hypnotizability over a 25-year period. J Pers Soc Psychol 1989;56:289–95.
Ray WJ, Bjick E. Psychophysiological measures of hypnosis and hypnotic
susceptibility: implications from 40 Hz activity. Int J Psychophysiol
1997:25–61.

Ray WJ, Keil A, Mikuteit A, Bongartz W, Elbert T. High resolution EEG indicators of
pain responses in relation to hypnotic susceptibility and suggestion. Biol
Psychol 2002;60:17–36.

Sabourin ME, Cutcomb SD, Crawford HJ, Pribram K. EEG correlates of hypnotic
susceptibility and hypnotic trance: spectral analysis and coherence. Int J
Psychophysiol 1990;10:125–42.

Spiegel D, Cutcomb S, Ren C, Pribram K. Hypnotic hallucination alters evoked
potentials. J Abnorm Psychol 1985;94:249–55.

Spiegel D, Barabasz AF. Effects of hypnotic instructions on P300 event-related-
potential amplitudes: research and clinical implications. Am J Clin Hypn
1988;31:11–7.

Spiegel H. The neural trance: a new look at hypnosis. Int J Clin Exp Hypn
2007;55:387–410.

Valeriani M, Rambaud L, Mauguière F. Scalp topography and dipolar source
modelling of potentials evoked by CO2 laser stimulation of the hand.
Electroencephalogr Clin Neurophysiol 1996;100:343–53.

Williams JD, Gruzelier JH. Differentiation of hypnosis and relaxation by analysis
of narrow band theta and alpha frequencies. Int J Clin Exp Hypn
2001;49:185–206.


	Subjects’ hypnotizability level affects somatosensory evoked potentials  to non-painful and painful stimuli
	Introduction
	Methods
	Subjects
	Experimental design
	Electrical stimulation
	EEG recordings
	Preliminary EEG data analysis
	Somatosensory evoked potentials (SEPs)
	Topographic maps of the vertex N1–P2 complex
	Statistical analysis

	Results
	Pain vs. No-Pain
	Low-hypnotizability vs. High-hypnotizability

	Discussion
	Acknowledgments
	References


