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Abstract

Background: The mechanisms of pain perception in individuals with masochis-
tic behaviour (MB) remain poorly documented. We hypothesized that MB is as-
sociated with context-specific changes in descending pain modulation.
Methods: We compared the effects of four standardized sets of images with posi-
tive (erotic), negative (mutilations), masochistic or neutral emotional valences
on the RIII nociceptive reflex evoked by electrical stimulation of the sural nerve
and recorded on the ipsilateral biceps femoris in 15 controls and 15 men rou-
tinely engaging in MB. We systematically assessed the RIII reflex threshold and
recruitment curves (up to the tolerance threshold), thermal (heat and cold) pain
thresholds measured on the upper and lower limbs and responses to the pain sen-
sitivity questionnaire, to compare basal pain perception between our two groups
of participants. We also assessed anxiety, depression, empathy, alexithymia, high
sensation seeking and catastrophizing, to investigate their potential influence on
the emotional modulation of pain.

Results: Thermal pain thresholds, RIII reflex recruitment curves, and responses
to the psychological and pain sensitivity questionnaires were similar in the two
groups. Neutral, positive and negative images modulated the RIII reflex simi-
larly in the two groups. By contrast, masochistic images induced a significant
(p <0.01) decrease in RIII reflex responses in subjects with MB, whereas it tended
to increase these responses in control subjects.

Conclusions: Our data suggest that psychological profile, basal pain sensitivity
and the emotional modulation of pain are normal in individuals with MB but that
these subjects selectively engage descending pain inhibition in the masochistic
context.

Significance: Decrease pain perception related to masochistic behaviours is as-
sociated with specific activation of descending pain inhibition.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. European Journal of Pain published by John Wiley & Sons Ltd on behalf of European Pain Federation - EFIC ®.

EurJ Pain. 2022;26:2227-2237.

wileyonlinelibrary.com/journal/ejp 2227


www.wileyonlinelibrary.com/journal/ejp
mailto:﻿
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:didier.bouhassira@aphp.fr

BAUDIC ET AL.

2228

1 | INTRODUCTION

The acronym BDSM (bondage and discipline, dominance
and submission, sadism and masochism) refers to various
sexual practices including physical, psychological and
role-play elements involving power exchanges between
willing participants (De Neff et al., 2019). BDSM, thus,
corresponds to a large range of interactions in which a
dominant partner controls the scene and a submissive
partner consents to being subjected to the actions of the
dominant partner. These interactions frequently involve
painful stimuli, even though playing with power relation-
ships is probably just as important as inflicting or receiv-
ing pain (Kamping et al., 2016).

Masochistic individuals (i.e. those who are the most
exposed to pain in these situations) have variable attitudes
towards pain. They gain pleasure from painful stimuli in
the context of BDSM interactions but seem to have normal
pain perception in everyday life (Dunkley et al., 2020). This
suggests that physiological nociceptive mechanisms are
normal in subjects with masochistic behaviour (MB), but
some studies have reported an increase in pain thresholds
in response to experimental stimuli outside the masochistic
context in subjects displaying MB (Defrin et al., 2015; Pollok
et al., 2010; Wuyts et al., 2021). Another question concerns
the way in which subjects with MB process painful stimuli
into pleasure in specific contexts. Do they display general
or context-specific alterations to the emotional modulation
of pain? The answers to these questions may provide new
insight into the neural mechanisms underlying pain modu-
lation, but also improve our understanding of some chronic
pain syndromes associated with alterations to the emotional
modulation of pain (Elsenbruch et al., 2010).

The mechanisms underlying the emotional modula-
tion of pain are incompletely understood, but it has re-
peatedly been shown that emotions can influence pain
perception by acting on descending modulatory systems
(Rhudy et al., 2005; Roy et al., 2009, 2011). Many studies
have used the nociceptive flexion (RIII) reflex to analyse
the effects of positive or negative emotions elicited, for ex-
ample, by images, on descending modulation of the spinal
transmission of nociceptive signals. The RIII reflex is not a
measure of pain per se, but it is considered to be a reliable
index of the spinal transmission of nociceptive signals
because its threshold and amplitude are closely related
to those of concomitant painful cutaneous sensations
evoked by electrical stimulation (Sandrini et al., 2005).
The amplitude of the nociceptive flexion (RIII) reflex typi-
cally increases if the subject is shown unpleasant pictures
and decreases if the subject is shown pleasant pictures.

Using a similar experimental paradigm, we compared
the RIII reflex modulation elicited by four standardized
sets of pictures, including BDSM pictures and pictures

with positive (erotic), negative (mutilations) or neutral
emotional valences, between individuals regularly in-
volved in predominantly masochistic BDSM activities
and control subjects. Our working hypothesis was that
descending modulation would be engaged differently in
the MB subjects in the context of masochistic images, be-
cause they would be regarded as pleasant by these subjects
(Rhudy et al., 2005, 2006, 2010).

We also systematically assessed the RIII reflex thresh-
old and recruitment curves (up to the tolerance threshold),
thermal (heat and cold) pain thresholds and responses to
the pain sensitivity questionnaire before the subjects were
shown the images, to compare basal pain sensitivity be-
tween our two groups of participants. We also used spe-
cific questionnaires to assess depression, anxiety, empathy,
alexithymia, high sensation seeking and catastrophizing
systematically in the subjects tested, to better characterize
the psychological profiles of the participants and evaluate
the potential influence of these factors on the emotional
modulation of pain.

2 | MATERIALS AND METHODS
The study was approved by the local institutional review
boards (CPP 8, Ile-de France-Ouest) and all participants
provided written informed consent for inclusion in the
study which was conducted from October 2018 to March
2021.

2.1 | Participants

The study sample consisted of two groups of paid male vol-
unteers: 15 participants who routinely engaged in MB and 15
controls (i.e. participants not oriented towards masochism)
matched for age and level of education (Table 1). The choice
of including only men was motivated by the finding in some
previous studies of differences in MB (Luo & Zhang, 2018;
Wayts et al., 2021) and in the effects of emotional (notably
erotic and mutilation) images (Rhudy et al., 2010) between
men and women, which might have significantly increased
the variability of our results. The MB subjects were recruited
from BDSM community clubs by advertisement and by re-
quests made in person and the controls were recruited via
advertisements. All the participants underwent a semi-
structured interview concerning their sexuality with a psy-
chologist (SB) during a screening visit to obtain information
about their practice. All the selected MB participants re-
ported a clear preference for the submissive role, including
pain-related MB during active BDSM interactions. By con-
trast, the controls had never practiced BDSM-related activi-
ties. All the participants were heterosexual.
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TABLE 1 Demographic and
psychological characteristics of
participants
Age

Education (years)

Pain sensitivity questionnaire

State anxiety

Beck Depression Inventory
Pain Catastrophizing Scale
International Reactivity Index
Toronto Alexithymia Scale
High Sensation Seeking Scale

2229

MB subjects Controls
(n =15) (n =15) p
46.53 (14.63) 46.20 (15.64) 0.952
15.73 (1.83) 16.33 (1.99) 0.397
55.20 (26.75) 63.80 (22.48) 0.349
40.93 (11.70) 35.15 (8.42) 0.130
4.13(3.98) 2.40 (1.99) 0.143
18.07 (8.06) 15.33 (7.08) 0.332
61.07 (9.41) 57.20 (8.45) 0.246
50.46 (7.82) 46.06 (8.27) 0.209
21.8(7.23) 21.00 (5.46) 0.740

Note: Values are expressed as means (SD).

The exclusion criteria included diseases capable of
causing neural damage (e.g. diabetes, alcoholism), the
presence of skin lesions in the testing regions, a history
of chronic pain and a current major depressive episode
or chronic psychiatric disorder. “Switchers” (i.e. people
who alternate between submissive and dominant roles)
were excluded from the study. All participants were native
French-speakers with a normal physical examination, no
history of chronic pain (continuous or intermittent) and
none were taking drugs affecting pain perception.

2.2 | General design of the study

After the screening visit, each volunteer participated in
two experimental sessions separated by an interval of
2 +1weeks. During the first session, they responded to
a series of questionnaires to assess anxiety, depression,
catastrophizing, alexithymia, empathy, high sensation
seeking and pain sensitivity. Quantitative sensory tests
(QSTs) were then performed to assess the thermal detec-
tion and pain (heat and cold) thresholds of both hands
(thenar eminence) and both feet (dorsum), with the vari-
ous sites tested in a randomized order. During the sec-
ond experimental session, we assessed the effects of four
standardized sets of images with positive (erotic), negative
(mutilations), masochistic or neutral valences on both the
RIIT nociceptive reflex and the intensity and unpleasant-
ness of the pain elicited by electrical stimulation. The par-
ticipants were then asked to assess the emotional value of
each image.

2.3 | Questionnaires used in the study

A series of questionnaires were administered to the par-
ticipants to better characterize their psychological profile
including the Spielberger State-Trait Anxiety Inventory

(Spielberger et al., 1983) to assess trait and state anxiety,
the Beck Depression Inventory (Beck et al., 1961) to as-
sess the presence and severity of depressive symptoms,
the pain catastrophizing scale (Sullivan et al., 1995) to
assess the thoughts and feelings of individuals concern-
ing the experience of pain and the pain sensitivity ques-
tionnaire (Ruscheweyh et al., 2009) to assess general pain
sensitivity.

We also administered the Toronto Alexithymia Scale
(Bagby et al., 1994) to assess alexithymia, the International
Reactivity Index (Davis, 1983) measuring the cognitive and
emotional dimensions of the trait empathy, the Sensation
Seeking Scale (Zucherman, 1979) measuring sensation
seeking, defined as ‘the search for experiences and feel-
ings that are varied, novel, complex and intense, and the
prompt taking of physical, social, legal and financial risks’.

2.4 | Quantitative sensory testing

Thermal perception was evaluated with QSTs performed
in a quiet room at constant temperature (22-23 °C).
Subjects were seated in a comfortable reclining chair
and asked to remain as relaxed as possible. We assessed
the detection and pain thresholds for thermal sensations
with a Somedic thermotest (Somedic AB, Stockholm,
Sweden), as described previously (Attal et al., 2004;
Bouhassira et al., 1999). A contact thermode of Peltier
elements measuring 25x 50 mm was applied to the skin
over both thenar eminences and over the dorsum of
both feet. The baseline temperature of the thermode was
adjusted to the patient's skin temperature. Thresholds
were measured by the method of limits (Frushstorfer
et al., 1976): stimuli of increasing or decreasing inten-
sities were applied and, for each stimulus, the subjects
pressed a button that reversed the thermal stimulation
as soon as they detected a sensation of cold or heat
(for detection thresholds) or as soon as the stimulation
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became painful (for pain thresholds). The interstimu-
lus intervals used were 6-8 s for detection thresholds,
15-20s for heat pain thresholds (HPTs) and 20-30s for
cold pain thresholds. The maximum and minimum tem-
peratures were set to 50°C for heat and 4°C for cold. The
thermal rate of change was 1°C/s for detection thresh-
olds and 2°C/s for pain thresholds. Thresholds were
calculated as the mean threshold recorded in four suc-
cessive detection tests and four successive pain tests and
are expressed as absolute thresholds (°C).

2.5 | Nociceptive flexion RIII
reflex recordings

The RIII reflex was evoked and recorded with a com-
pletely computerized system (Notocord Systems, Croissy,
France), using previously described and validated tech-
niques (Bossard et al., 2002; Bouhassira et al., 1998;
Guirimand et al., 2000; Martin et al., 2007). In brief, the
sural nerve was stimulated electrically with a pair of
surface electrodes placed 2 cm apart on degreased skin
overlying the nerve, along its retromalleolar path. Each
electrical stimulus consisted of a train of five rectangular
pulses, each lasting 1 ms, delivered over a 12ms period
by a constant current stimulator. Electromyographic
responses were recorded from the ipsilateral biceps
femoris muscle with a pair of surface electrodes placed
2 cm apart on the skin over the muscle. RIII reflex re-
sponses were identified as multiphasic waves appearing
90-180 ms after the onset of the stimulus. By restricting
the study to responses within this timeframe, it is pos-
sible to avoid the tactile (RII) reflex, which can occur
between 50 and 70ms, or artefacts produced by invol-
untary movements, which can be observed 250-300 ms
after the stimulus. Each reflex response was amplified,
digitized, full-wave-rectified and integrated. The result-
ing integrals were used to quantify the RIII response.
The experimental session began with construction of the
recruitment curve for the reflex as a function of stimu-
lus intensity, which was gradually increased to the toler-
ance threshold at a frequency of 0.17 Hz (i.e. 10 stimuli/
min). The reflex threshold was defined as the intersec-
tion of the linear regression line for the RIII stimulus/
response relationship with the abscissa. The tolerance
threshold was the maximal intensity (mA) on the re-
cruitment curve. The intensity of electrical stimulation
of the sural nerve was then decrease to 20% above the
RIII reflex threshold and kept constant during the four
successive experimental sequences, each consisting of a
2-min control period, 1 min of image view and a 2-min
post-image-viewing period. We also assessed the effects
of each series of images on pain sensation, by asking

the participants to rate the average pain intensity and
unpleasantness induced by the electrical stimulation on
two visual analog scales graduated as follows: “no pain-
worst possible pain” and “not unpleasant-very unpleas-
ant”, at the end of the 2-min control period and just after
the 1-min image-viewing period of each sequence.

2.6 | Images used as stimuli

Digital pictures with various emotional valence and
arousal values were selected from the International
Affective Picture System (Lang et al., 1999). These pic-
tures have normative ratings for emotional valence and
arousal and have been used in numerous previous stud-
ies (Rhudy et al., 2005, 2006, 2008). The images selected
from the collection were split into three sets of 30 pic-
tures with positive (erotic), negative (mutilations) or
neutral emotional values. Another set of 30 masochistic
images was selected from websites on the basis of rat-
ings of emotional valence and arousal by masochistic
subjects. All the images were presented on a computer
screen placed on a table about 50 cm in front of the sub-
jects during the four experimental sequences, each con-
sisting of a 2-min control period, a 1-min image-viewing
period and a 2-min post-viewing period. Each image
was presented for 2, given a duration of 1 min for each
image-viewing period. The order of presentation of the
four sets of images was randomized.

After the electrophysiological session, the participants
were asked to rate the emotional value of each of the 120
images. The Self-Assessment Manikin (SAM) was used
to measure the affective valence (unpleasant-pleasant)
and arousal (calm-excited) elicited by each image (Lang
et al., 1999). We used a paper-and-pencil format of SAM
consisting of two sets of five pictographs measuring af-
fective valence (unpleasant-pleasant) and arousal (calm—
excited). The participants responded by ticking on one of
the five pictographs of each scale or between two of the
pictographs. A rating between 1 and 9 was obtained for
both affective valence and arousal (higher scores = greater
pleasure or arousal).

2.7 | Data analysis

Results are expressed as the mean +standard devia-
tion. Due to the lack of previous studies using the same
approach, the number of participants was calculated
on the basis of previous studies in this fields (Defrin
et al., 2015; Kamping et al., 2016; Pollok et al., 2010).
For the comparison of recruitment curves between our
two groups of participants, each reflex response was
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expressed as a percentage of the maximal response ob-
served on the recruitment curve. Recruitment curves
were normalized between 0 and 20 mA such that, if the
tolerance threshold was <20 mA, the last value obtained
for the reflex was assigned to all the higher intensities in
the series (Bossard et al., 2002; Bouhassira et al., 1998;
Guirimand et al., 2000). We analysed the effects of each
sequence of images viewed on the reflex by averaging
RIII responses over 1-min intervals and expressing the
result as a percentage of the mean value during the 2-
min control period. Analyses of variance (ANOVA)
were performed, with Fisher's post hoc least significant
difference tests for within- and between-group com-
parisons of demographic characteristics, reflex thresh-
old, electrical stimulus tolerance thresholds, changes
in RIII responses during each the viewing of each se-
quence of images, thermal thresholds and responses to
clinical questionnaires. A p value <0.05 was considered
significant.

3 | RESULTS

Fifteen subjects with MB and 15 controls completed the
study. One MB subject and two controls who could not
tolerate the electrical stimuli were not included in the RIII
reflex analyses.

3.1 | Demographic and psychological
characteristics

The two groups of participants were similar in terms of age
and education level (Table 1). Scores for anxiety, depres-
sion, catastrophizing, empathy, alexithymia, sensation
seeking and pain sensitivity were also similar between the
two groups (Table 1).

3.2 | Basal pain sensitivity

The thermal pain thresholds measured on the right and
left upper and lower limbs were similar and were aver-
aged for group comparisons. As illustrated in Figure 1,
there was no significant difference between the ther-
mal detection and pain thresholds measured in the two
groups.

RIII nociceptive reflex recruitment curves were sim-
ilar in the two groups (Figure 2). The RIII reflex thresh-
old was 8.7 +£2.7 mA in MB subjects and 7.7 +3.0 mA
in controls (p = 0.42). The tolerance threshold was
16.2 +4.6 mA in MB patients and 15.0 +4.2 mA in con-
trols (p = 0.54).

w

3.3 | Effects of image-viewing on the
RIII reflex and concomitant pain sensation
3.3.1 | Effects on the RIII reflex

Mlustrative individual examples of the four set of im-
ages are presented in Figure 3 and the average effects in
the two groups of participants are presented in Figure 4.
Neutral, positive and negative images (Figure 4a-c) in-
duced similar mean effects in the two groups, with a
lack of significant effects of neutral images, a significant
(p <0.001) inhibition induced by the positive images and
a significant (p <0.01) facilitation induced by the negative
images (not shown). By contrast, the masochistic images
induced significantly different effects (p <0.001) between
groups, with a significant (p <0.01) decrease in RIII re-
flex responses in MB subjects and a tendency (p = 0.06)
towards an increase in these responses in control subjects
(Figure 4d).

3.3.2 | Effects on the concomitant
sensation of pain

Overall, the effects on the sensation of pain induced by
electrical stimulation were consistent with those reported
above for RIII reflex amplitude (Figure 5). The neutral
images induced no change in pain intensity or unpleas-
antness. Positive images induced a similar decrease in
both pain intensity and unpleasantness in the two groups.
Negative images induced a similar increase in both pain
intensity and unpleasantness in the two groups. By con-
trast, the effects of masochistic images were significantly
different (p <0.01) between the two groups, with a de-
crease in both the intensity (Figure 5a) and unpleasant-
ness (Figure 5b) of pain in MB subjects, but not in controls.

3.3.3 | Image ratings
The emotional valence/pleasure and arousal ratings of the
images are shown in Figure 6. The valence/pleasure ratings
of neutral, positive (erotic) and negative (mutilations) im-
ages were similar in MB subjects and controls (Figure 6a).
The valence/pleasure ratings of positive images were sig-
nificantly higher than those of neutral images (p <0.01),
whereas the ratings of negative (mutilation) images were
significantly lower than those of neutral images (p <0.01)
in both groups. By contrast, the valence/pleasure rating of
masochistic images was significantly (p <0.001) higher in
MB subjects than in controls (Figure 6a).

Positive, negative and masochistic pictures were asso-
ciated with significantly (p <0.01) higher levels of arousal



2232 BAUDIC ET AL.

(a) Warm detection threshold (b) Cold detection threshold FIGURE 1 Comparisons of heat (a)
s I and cold (b) detection thresholds, heat
oc ] o pain (c) and cold pain (d) thresholds

(expressed in °C) measured on the lower
(foot) and upper (hand) limbs in subjects
with masochistic behaviour (MB) (blue
columns) and controls (grey columns).

40

Hand Foot Hand Foot

(c) Heat pain threshold (d) Cold pain threshold
20

°C

15

Hand Foot Hand Foot

B vs [ conTrOLS

120, FIGURE 2 RIIIreflex recruitment
curves as a function of stimulus intensity,
which was gradually increased to the

B
it

1004 tolerance threshold in subjects with
g masochistic behaviour (MB) (blue curve)
S and controls (grey curve). For the analysis
3 80 of group data, each reflex response was
% expressed as a percentage of the maximal
£ response observed on the recruitment
= 60- ~@ CONTROLS curve.
£ —e— MB
“
o
S

20+

1
0 2 4 6 8 10 12 14 16 18 20mA



BAUDIC ET AL.

Positive images

Neutral images

(a) f_$ (b)

s @
lD [
3 3
52 32
%2 T8
L5 =]
= < = <
= 8 ]
k] G
ES E
5 min
Neutral images Positive images
(e) f_¢ () H
@ o
Q ()
3 =
32 33
o 2 T2
5] 25
= € = c
= 8 = 8
G k3
E X
0O 1 2 3 4 5min 0 1 2 3 4 5min
FIGURE 3

2233

Masochistic images

(d) H

Negative images

4] 54
=4 =
55 52
T2 T8
25 [S=]
=5 = g
z S x o
k] K]
X X
5 min
Negative images Masochistic images
(9) (h)
@ P
() ()
= =
53 32
T 2 o 2
= =]
=< =<
z 3 = 8
G k]
X ES

3 4 5min

Tllustrative individual examples of the effects of neutral, positive (erotic), negative (mutilations) and masochistic images

on the RIII reflex in a control subject (a—d) and in a subject with masochistic behaviour (e-h). For each of the four successive 5-min

experimental sequences (a-h), each bar of the histograms represents one single RIII reflex response expressed as a percentage of the mean

value recorded during the 2-min control period (i.e. before image-viewing). The 1-minute image-viewing period (i.e. minute 3) is indicated

by arrows.

than neutral images, but with no significant difference be-
tween controls and MB subjects (Figure 6b).

4 | DISCUSSION

Men with MB had similar basal pain sensitivity than
controls, as indicated by QST, RIII nociceptive reflex
characteristics and responses to the pain sensitivity
questionnaire. The descending pain modulation elic-
ited by emotional stimuli consisting of the viewing of
positive, negative or neutral images was also similar
between MB subjects and controls. Only the effects of
masochistic images on descending pain modulation dif-
fered significantly between the two groups, suggesting
selective activation of descending pain inhibition in sub-
jects with MB.

Overall our results for basal sensitivity to pain ob-
tained with experimental stimuli and the pain sensitivity
questionnaire are consistent with the general notion that
men with MB have normal pain perception in everyday
life (Dunkley et al., 2020; Kamping et al., 2016), suggest-
ing that these individuals have normal physiological no-
ciceptive processes. In particular, the absence of change
in RIII reflex recruitment curves, reflecting the spinal
transmission of nociceptive signals, in our MB subjects
provides an electrophysiological confirmation of the lack

of major changes in spinal nociceptive transmission in
these subjects. However, studies of the responses to ex-
perimental pain in masochists have reported conflicting
results. Defrin et al. (2015) reported a significant increase
in pressure pain threshold in a group of subjects with MB.
Another study (Pollok et al., 2010) reported an increase in
pain thresholds evoked by laser stimuli in a small group of
subjects with MB (n = 10). Consistent with these results, a
more recent study (Wuyts et al., 2021) reported an increase
in the HPT, but not in the pressure pain threshold in sub-
jects with MB. By contrast, Kamping et al. (2016) found
no significant difference in the pain threshold evoked by
laser stimuli between subjects with MB and controls, con-
sistent with our finding of normal thermal (heat and cold)
pain thresholds and electrical pain and tolerance thresh-
olds in men with MB. These discrepancies are probably
unrelated to the use of different modes of stimulation,
because conflicting results have been reported for both
mechanical and thermal stimuli. Similarly, differences in
sex ratio cannot account for these differences, with only
men included in our study, mostly female subjects in the
study by Pollok et al. (2010) and mixed groups in the other
studies. However, other differences regarding the experi-
mental paradigms used in these studies (e.g. site of stim-
ulation, psychological factors related to the subjects or to
the experimental context) may also explained such dis-
crepancies. One plausible explanation is that they reflect
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differences in the psychological profiles of the MB sub-
jects included in the different studies. In both the study
by Defrin et al. (2015) and that by Wuyts et al. (2021),
changes in pain thresholds were associated with signifi-
cantly lower catastrophizing scores in subjects with MB
than in controls. By contrast, our subjects with MB had
catastrophizing scores similar to those of controls. In any
case, the lack of consistency of the results of these studies
suggests that there are probably no major changes in phys-
iological nociceptive processes specific to subjects with
MB and that, even if such alterations exist, they probably
concern only a subgroup of subjects. Interestingly, the
similarity of other psychological characteristics, includ-
ing anxiety, depression, empathy, alexithymia and high
sensation seeking, between our subjects with MB and the
controls also tends to confirm, consistently with previous
studies (Brown et al., 2020), that there is no particular psy-
chopathological profile associated with MB, although our
results concerning a small group of participants should be
interpreted with caution.

The main finding of our study was that descend-
ing modulation was differentially engaged during the
viewing of masochistic images in subjects with MB.
However, this differential activation of descending

Positive images

Masochistic images

FIGURE 4 Mean effects of neutral
images (a), positive images (erotic) images
(b), negative (mutilations) images (c) and
masochistic images (d) on the RIII reflex
in subjects with masochistic behaviour
(MB) (blue columns) and controls (grey
columns). Mean RIII reflex responses
during each of the 5min of the four
successive experimental sequences are
expressed as a percentage of the mean
value recorded during the 2-min control
period. The 1-min image-viewing period
(i.e. minute 3) is indicated by arrows.
***p <0.001 for the comparison between
subjects with MB and controls.

inhibition was not associated with a general alteration
of the emotional modulation of pain in subjects with
MB. Modulation of the RIII reflex and the concomitant
sensation of pain elicited by positive (erotic), negative
(mutilations) or neutral images were similar in con-
trols and MB subjects. This finding is consistent with
that of previous studies, which have repeatedly shown
that emotionally evocative pictures can modulate pain
(Rhudy et al., 2005, 2006, 2008). The findings for our
participants confirm previous reports of an association
of emotionally positive images with an inhibition of the
RIII reflex, whereas negative images were associated
with an enhancement of this reflex (Rhudy et al., 2005,
2006, 2008). In addition, modulation of the RIII reflex
was associated with a concomitant modulation of the
intensity and unpleasantness of pain induced by elec-
trical stimuli (i.e. positive images were associated with
decreases in both the intensity and unpleasantness of
pain, whereas negative images increased both the in-
tensity and unpleasantness of pain). These data suggest
that the emotional descending modulation of pain is not
altered in subjects with MB. The differences in the mod-
ulatory effects of masochistic images on the RIII reflex
between subjects with MB and controls were, therefore,
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probably due to these images eliciting different valences/
pleasure levels in the two groups. The valence/pleasure
and arousal levels associated with these images were
similar to those of positive images in subjects with MB,
whereas they were closer to those of negative images in
controls. Interestingly, as previously suggested (Rhudy
et al., 2008, 2010), the emotional modulatory effects of
image-viewing in our participants were related to the va-
lence/pleasure associated with the images, but not with
arousal levels. Positive and negative images elicited sim-
ilar levels of arousal, but with opposite effects on the
reflex and the concomitant sensation of pain.

Our results showing selective effects specific to the
masochistic context are consistent with those of Kamping
et al. (2016), who reported selective changes in brain
activity associated with masochistic images in subjects
with MB. The brain activation patterns associated with
nociceptive stimuli in subjects with MB were similar to
those of controls in non-masochistic contexts, whereas a
dissociation of the activation of brain areas involved in
the sensory-discriminative and affective pain dimensions
was observed when nociceptive stimuli were associated
with masochistic images. It has been suggested that the
lower levels of activation in areas involved in affective-
motivational aspects of pain, such as the anterior cingulate
cortex and anterior insula, may be mediated by a differen-
tial activation of the operculum in the masochistic context.
Our results are consistent with this hypothesis but suggest
that complementary mechanisms relating to descending
modulation of the spinal transmission of nociceptive sig-
nals are also specifically engaged in subjects with MB in
masochistic contexts. The two types of mechanism are not
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FIGURE 6 Self-Assessment Manikin ratings of valence/pleasure (a) and arousal (b) associated with emotionally neutral, positive,

negative and masochistic images in subjects with masochistic behaviour (blue columns) and controls (grey columns). ***p <0.001 for the

comparison between subjects with MB and controls
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mutually exclusive, and it would be interesting to com-
bine the two experimental approaches (i.e. fMRI and RIII
reflex recording) in future studies to investigate in more
details whether brain and spinal mechanisms act simulta-
neously or correspond to different modulation “strategies”
in different subjects. In any case, our results and those of
Kamping et al. (2016) indicate that visual representation
of the masochistic context is sufficient to decrease pain
perception in MB subjects. Masochistic images may serve
as a retrieval cue for mental representation in memory,
which may, in turn, activate pain modulation. It is not pos-
sible to conclude from these studies based on experimen-
tal stimuli whether similar mechanisms operate during
actual BDSM interactions, in which there are complex
sexualized power exchanges between consensual partners
in addition to painful stimuli. However, the results of two
recent studies showing increases in experimental pain
thresholds and blood endocannabinoid levels a few min-
utes after BDSM interactions (Wuyts et al., 2020, 2021) are
consistent with a role for pain modulatory mechanisms
during actual BDSM interactions.

One limitation of our study is the small number of par-
ticipants. However, the effects reported here were gener-
ally large and the differences between our two groups of
participants were clearly statistically significant. Another
limitation is the inclusion of only male subjects in this
study. Thus, although previous studies including mixed-
sex populations of subjects with MB have found no major
differences in pain perception between men and women
with MB (Defrin et al., 2015; Kamping et al., 2016; Wuyts
et al., 2020), we cannot generalize our results and it will
be important to determine whether similar descending
modulation-related mechanisms also operate in women
with MB.
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