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When shared pain is not half the pain: enhanced
central nervous system processing and verbal
reports of pain in the presence of a

solicitous spouse

Frauke Nees®®, Beate Ditzen®, Herta Flor®*

Abstract \
The experience of pain and pain behaviors is not only determined by physiological but also psychosocial factors. In this context, the
learning history of the individual and specifically operant reinforcement related to spouse responses might play an important role. We
investigated the effect of a solicitous and habitually pain-reinforcing spouse for the processing of pain in patients with chronic pain.
Using multichannel electroencephalography, pain behaviors, and self-reports of pain, we examined 20 patients with chronic back
pain (10 with solicitous and 10 with nonsolicitous spouses) and 10 matched healthy controls. The participants received a series of
painful and nonpainful electrical stimuli applied to the site of pain (back) and a control area (finger) in the presence vs absence of the
spouse. The global field power of the electroencephalogram with a focus in the frontal region was enhanced in patients with chronic
back pain who had a solicitous spouse compared to those with a nonsolicitous spouse and the healthy controls. This was specific for
the painful stimulation at the back and occurred only in the presence but not the absence of the spouse. Pain ratings of intensity and
unpleasantness were also higher in the patients with solicitous spouses when the spouse was present during painful stimulation.
These data suggest that significant other responses indicative of operant reinforcement may have a direct effect on the cerebral

processing of pain and related pain perception.
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1. Introduction

The experience of pain is determined not only by physiological but
also by psychosocial factors. Previous research suggests that the
presence of a significant other such as a spouse® and their
behavior®™ can have a substantial influence on perceived pain. A
supportive spouse and affectionate touch can reduce pain
intensity and brain responses to painful stimuli.?*%3" However,
the influence of the spouse seems to differ depending on acute
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and chronic states of pain. In patients with chronic pain,
solicitous, pain-attentive spouse responses can reinforce and
thus augment pain behavior. This was found for both patient-
reported'* 84" and experimenter-observed®*** solicitous re-
sponses of spouses. For example, the presence of a habitually
solicitous spouse decreased the patient’s pain threshold in a cold
pressor test by 75%, whereas the presence of a spouse who
punished or distracted from pain expressions at home resulted in
a 28% increase in pain thresholds of the patients.'?

Fordyce'® first conceptualized the role of the social context for
the development of chronic pain in an operant learning
framework, which posits that social responses (e.g. attention
for expressions of pain) in the environment of persons with
chronic pain may reinforce pain behaviors.'”%° Thus, through the
path of operant conditioning, significant others and especially the
spouse’s attention and affection can become discriminative cues
for pain behaviors.

These behavioral changes can also be mirrored in brain
responses. Dowman and Rosenfeld® in the rat and Miltner et al.3®
in humans showed that the somatosensory evoked potential elicited
by noxious stimulation can be increased or decreased by selectively
reinforcing increases or decreases in amplitude. Flor et al.™®
reinforced patients with chronic pain for the increase or decrease
of self-reported pain ratings and found a lack of extinction of both
self-reported pain levels and the learned brain response (N150
component of the evoked potential of the electroencephalography
[EEG)) to increased pain ratings in the patients. However, social
reinforcement by a significant other in patients with chronic pain has
not been studied on the behavioral and neuronal levels.
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This study sought to determine to what extent the presence of
a solicitous, pain-reinforcing spouse serves as a discriminative
cue for altered processing of painful and nonpainful tactile
stimulation on the verbal and brain levels. We assumed that the
presence compared with the absence of a solicitous spouse
during painful but not innocuous stimulation would lead to
enhanced brain and verbal responses in the patients. We did not
expect differential modulation of pain responses in patients with
nonsolicitous spouses or healthy controls. In addition, we
assumed that the effect would be specific for painful stimulation
at the site of the clinical pain, for example, the back, but not the
finger, in patients with chronic back pain. Finally, we assumed
that later EEG components related to affective processing of pain
involving frontal brain regions would be most affected by social
reinforcement.

2. Materials and methods
2.1. Participants

Twenty patients with chronic back pain and 10 healthy controls
matched for age and sex were studied. Patients were selected from
a larger group of 120 patients with chronic back pain, recruited
through the pain clinic of the cooperating hospital, and self-referred
based on media coverage of the project. This larger study provided
the opportunity to split participants into 2 groups based on
significantly different self-reported solicitous and nonsolicitous
partner responses to their pain. The spouses of the selected
patients either habitually reinforced (N = 10, values > 2 on the
Solicitous Responses Scale and <2 on the Punishing Responses
Scale as well as <2 on the distracting responses subscales of the
West Haven-Yale Multidimensional Pain Inventory [MPI]'9%%),
constituting the solicitous group, or punished or ignored pain
expressions and encouraged distraction from pain (N = 10, values
> 2 on the Punishment and >2 on the Distraction Scales of the MP),
constituting the nonsolicitous group. The sample size was based on
these extreme groups. We computed a post hoc power analysis for
our main outcome variable global field power, which showed an
effect size of 1.1. With an N of 10 per group and an alpha of 0.05, we
achieved a sufficient power of 0.96.

Patients with primary chronic musculoskeletal pain of at least 6
months duration were included in this study. The exclusion criteria for
patients and controls were use of psychoactive medication (narcotics,
opioids, benzodiazepines, tranquilizers, barbiturates, antidepres-
sants, and stimulants) and diagnoses of mental disorders, provided
by trained clinical psychologists in structured clinical interviews.
Patients with pain related to inflammatory causes, neurological
complications, or prior back surgery were also excluded. The 3
groups did not significantly differ in age (F(2,27)= 0.06, n.s.), sex (x*(2)
= 048, n.s.), duration (F(2,27)= 1.23, n.s.), and quality (F(2,27)=
0.17, n.s.) of the marital relationship. The 2 pain groups were not
significantly different in pain intensity (F (1,18) = 0.93) and duration
(F(1,18) = 2.42, n.s.). Table 1 gives an overview of demographic and
clinical data of the 3 groups that were studied. Informed written
consent was obtained from all participants. The study conformed to
the tenets of the Declaration of Helsinki, was approved by the review
board of the German Psychological Association and was not
preregistered. Data on part of the sample (N = 9 patients and N =
8 controls) were published as an extended abstract.?®

2.2. Psychometric data

The patients participated in a pain interview, where important
characteristics of their pain, the impact of the pain on their lives,
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treatment history, and coping attempts were assessed.’” The
patients’ pain behaviors were recorded during this interview using
the German version of the Pain Behavior Checklist.'®2® The
patients also completed the German version of the West Haven-
Yale Multidimensional Pain Inventory (MPI).'®2” The MPI as-
sesses pain severity, interference, affective distress, social
support, life control, significant other responses (punishing,
solicitous, and distracting) to pain behaviors of the patients, and
general activity levels of the patients. This measure was used to
describe the characteristics of the patients with chronic back
pain. The frequency of coping and catastrophizing pain-related
self-statements, as measured by the Pain-Related Self-
Statement Scale, '® was recorded to determine the relationship
of deficient coping as a factor that might affect pain processing.
All participants completed an information sheet on the length of
their intimate relationship and the short form of the Dyadic
Adjustment Scale.?*

2.3. Painful and nonpainful electrical stimulation and
pain ratings

Electrical stimuli were applied either to the finger or to the back, at
a painful (midway between pain threshold and pain tolerance) or
nonpainful (midway between perception and pain threshold)
level, and in counterbalanced order in the presence and the
absence of the spouse (Fig. 1). The stimuli were intracutaneously
applied using a gold electrode” and were presented in the
nociceptive and nonnociceptive ranges, individually adapted to
the subjects’ pain thresholds and automatically delivered by a
programmable constant current stimulator in the absence of the
experimenter who supervised the study through a 1-way screen
and intercom.

The perception threshold was determined by means of 3
ascending series of electrical stimuli. Subsequently, the stimula-
tion intensity was enhanced continuously until the subject rated
between 50 and 60 on a numerical rating scale (NRS, with the
extreme points “not perceptible (0)” and “very strong (100)”). A
series of 20 stimuli of the determined intensity were delivered and
rated after the entire series. If the rating stayed below the 50 to 60
range of the NRS, the actual intensity was set as nonpainful
stimulation intensity and maintained. If the rating was higher or
lower than the 50 to 60 range, the stimulation intensity was
changed until the subjects rated 20 subsequent stimuli between
50 and 60. The procedure for the determination of the painful
stimulation was analogous. An ascending series of stimuli were
delivered until the subjects indicated that the pain threshold was
reached. The stimulation intensity was then fixed when the
subjects rated 20 subsequent stimuli between 50 and 60 on a
numerical rating scale with the end points not painful and
unbearable pain. The sequence of conditions (site [back or
finger], pain or no pain, and spouse presence or absence) was
counterbalanced.

Each stimulation block was 7.5 minutes long, and the
participants were allowed to shift their position in the rating
phase after each block. The total experiment including the ratings
lasted approximately 90 minutes. In each condition (back painful,
back nonpainful, finger painful, finger nonpainful, and each in the
presence and absence of the spouse), the patients with solicitous
spouses as well as the patients with nonsolicitous spouses and
the matched controls without pain were presented with 150
amplitude-modulated electrical stimuli per block (8 blocks total).
Thus, there were 1200 stimuli overall. Steady-state stimulation
was chosen to simulate a tonic pain stimulus. This type of
stimulation causes a continuous dull ache. The carrier frequency
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Demographic and clinical characteristics.

Patients with solicitous spouses

Patients with nonsolicitous spouses

Healthy controls

Age iny (M, SD) 44.40 (9.76) 44.44 (13.35) 46.10 (15.18)
Duration of relationship in years (M, SD) 19.25 (10.46) 12.02 (9.09) 17.972 (13.04)
Quality of relationship (0-5, M, SD) 1.93 (1.08) 1.65 (1.19) 1.75 (1.07)
Pain intensity (VAS 0-100, M, SD) 24.50 (21.91) 33.30 (19.88)
Pain duration in years (M, SD) 9.47 (4.53) 14.31 (8.81)
Pain behaviors (0-20, M, SD) 6.80 (2.47) 4.00 (1.83)
MPI solicitous responses (0-6, M, SD, min, max) 4.25 (0.54) 1.95 (0.80)
(3.60, 5.20) (0.40, 3.00)
MPI punishing responses (0-6, M, SD, min max) 0.27 (0.38) 3.60 (0.73)
(0.00, 1.00) (2.33, 5.00)
MPI distracting responses (0-6, M, SD, min, 1.0 (0.63) 3.79 (1.00)
max) (0.00, 1.67) (2.33, 5.33)
Sex N, male/female 4/6 5/5 5/5
Education
N<10y 3 3 7
N>10y 7 7 8

M, mean; min, minimum; Max, maximum; MPI, West Haven-Yale Multidimensional Pain Inventory; SD, standard deviation; VAS, visual analogue scale.

was 150 Hz. In each condition, the modulation frequency was
14.7 Hz for two-thirds and 7.4 Hz for the remaining third of the

0 =

painful was the electric stimulus?”—
no pain and 100 =

NRS with the end points
unbearable pain) and its un-

stimuli.>® The participants were asked to count the less frequent
7.4 Hz stimuli to maintain their attention. The stimulus duration
was 683 ms, and the baseline was 217 ms with 10 modulation
periods for the 14.7 Hz stimuli and 5 modulation periods for the
7.4 Hz stimuli. Stimulus presentation was randomized with a
mean interstimulus interval of 2010 ms (see Fig. 1 for the
sequence of the stimulus presentation).

After each 75th trial, the subjects rated the intensity of the
electric stimulus (nonpainful stimulation: “How intense was
the stimulus?”—NRS with the end points 0 = no perception
and 100 = very strong stimulation; painful stimulation: “How

pleasantness (painful and nonpainful stimulation: “How un-
pleasant was the stimulation?”—0 = not at all unpleasant to
100 = very unpleasant). After every 150th trial, the subjects
rated the intensity of their current clinical back pain (0 = no
pain and 100 = unbearable pain) independent of the
stimulus-induced pain.

2.4. Physiological recordings

During the painful or nonpainful stimulation procedure, the EEG
was recorded at 86 scalp locations determined according to the
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Figure 1. Overview of the experimental conditions.
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extended International 10/20 system. An additional 3 channels
served for electro-oculographic, 2 for electromyographic, and 1
for electrocardiographic recordings to assess artifacts. A
sampling rate of 1000 Hz was used for all channels. Scalp
recordings were monopolar, referenced to linked ears. Electro-
oculographic recordings were bipolar. Electroencephalographic
and electrooculographic data were recorded using Neuroscan
SynAmps amplifiers (MES, Munich, Germany) and sampled at
1000 Hz. Data acquisition was continuous and segmented off
line. Impedance of earlobe electrodes was maintained below 2
kQ), and all other electrode impedances were kept below 5 k). An
adhesive impedance cardiographic electrode spanning around
the arm was connected with all channels; a second electrode was
attached around the chest and the back and connected with the
ground electrode. The ground electrodes terminated in the head
box of the SynAmps amplifier. The EEG data were corrected for
artifacts, rereferenced to average reference, corrected with a
baseline of 217 ms, and selectively averaged with experimental
condition (group, site, and pain or no pain) and modulation
frequency as the selection criterion. Epochs with voltage variation
exceeding 50 wV, with marked muscular activity, or with
electrooculographic variation exceeding 50 pV were discarded
(7% total). For each experimental condition, the 14.7-Hz steady-
state response was extracted from the respective average by a
fast Fourier transform (FFT) bandpass filter. All FFT bins with the
exception of the real components of the 2 center bins bracketing
the modulation frequency (14.7 Hz) and the first harmonic of the
modulation frequency as well as the 4 immediate neighbor bins of
those 2 center bins were zeroed. The center bins were retained,
and the neighboring bins were divided by 2. An inverse FFT
yielded the filtered time-domain waveforms, that is, the steady-
state response. The peak-to-peak amplitude of the response was
determined for the latency interval of 250 to 500 ms post stimulus.

2.5. Data analysis

The normal distribution of all outcomes was tested and verified by
the Kolmogorov-Smimov test. Based on the peak-to-peak
amplitudes of the steady-state response, the global field power
(GFP) of the EEG was computed. For all groups (solicitous,
nonsolicitous, and controls without pain) and each experimental
condition of stimulation site (back vs finger) and the stimulation level
(painful vs nonpainful), the ratio of power in each EEG channel as well
as the GFP ratio across channels was computed for the presence vs
absence of the spouse. This analysis permitted the determination of
the subset of channels where evoked activity synchronized with the
stimulation differed between spouse presence and absence.
Probability brain maps, which allow an inference as to the brain
region generating the activity contrast in question, were derived from
the significant analysis of variance contrasts. Source analyses are
not possible with this type of analysis. The GFP ratio values related to
spouse presence vs absence were submitted to a group (patients
with solicitous spouses vs patients with nonsolicitous spouses vs
controls) X site (finger vs back) X level (painful vs nonpainful) analysis
of variance (ANOVA). To determine the brain area with maximum
differentiation of the responses, an ANOVA using the 3 groups, all
electrodes, and the back vs finger site was computed. The ratings of
pain intensity and unpleasantness were also examined by a
repeated measures analysis with group as between factors and
site and level as within factors. Pain behaviors were analyzed by a 1-
way ANOVA because they were not examined during the painful
stimulation but only before the experiment. T tests were used if only 2
groups were compared. Significance levels were Greenhouse—
Geisser corrected. Bonferroni-corrected post hoc tests were
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computed if the effects were significant. Pearson correlations were
used to examine whether time since pain onset, pain intensity and
interference, affective distress, social support, life control, or coping
ability were related to the pain variables. IBM SPSS Statistics for
Windows, version 25.0,2° was used for these analyses.

3. Results

3.1. Higher brain activation in patients with solicitous
spouses in the presence of the spouse

A significant group X site X level effect for the global field power ratio
(F2,27) = 9.01, P = 0.001) was observed. Spouse presence yielded
a higher brain response only for painful stimulation at the back (F(2,27)
= 4.78, P < 0.05) but not for painful stimulation at the control region
(finger) or nonpainful stimulation at the back or the finger (all F(2,27)<
2.14, n.s.). Post hoc comparisons showed that the painful stimulation
on the back compared with the finger yielded a significantly higher
brain response in the patients with solicitous spouses compared with
the healthy controls (P < 0.05). The patients with nonsolicitous
spouses did not significantly differ from the controls (Figure 2).

The site of the maximal group difference for the significant
painful stimulation at the back was limited to the frontocentral
region (ANOVA groups X electrodes X site: F(4,112) = 2.7, P =
0.083) (Figure 3), with a small cluster around Cz and Fz showing
highly significant differences between groups and conditions (all
P< 0.01).

The influence of spouse presence was the higher, the longer
the pain problem had persisted (correlation of the peak brain
response and time since pain onset for the patients with pain:
r(18) = 0.52, P < 0.05) but was unrelated to pain severity, pain-
related interference, affective distress, or life control as assessed
by the MPI and coping ability as assessed by the Pain-Related
Self-Statement Scale (all rs(18)< 0.24, n.s.).

3.2. Higher habitual and acute pain and unpleasantness
ratings in patients with solicitous spouses in the presence of
the spouse

For the ratings during the stimulation, the overall ANOVAs (group
X site X level) were significant for both pain intensity (F(2,27)=
9.35, P < 0.05) and unpleasantness (F(2,27)= 3.46, P< 0.05) as
well as habitual pain ratings (F(1,18)= 4.34, P = 0.05). Spouse
presence led to significant increases in the perceived pain
intensity of the electrical stimuli (M = 59.80 and SD = 14.92 in the
presence and M = 52.25 and SD= 15.92 in the absence of the

3.5 4
3 4
2.5 - *
o Stimulation area
® 24
- H Finger
o
L(B 1.5 A m Back
1 4
0.5 4
0 |

Pain patients -
solicitous

Pain patients -
nonsolicitous
Groups

Healthy controls

Figure 2. Brain reactivity to painful stimulation. The mean (+=SEM) global field
power ratio for the 3 groups and the 2 sites in the presence vs the absence of
the spouse is shown. *P < 0.05.
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Figure 3. Location of the brain activation. This figure shows the activation
related to the finger and back stimulation in the primary somatosensory cortex
for all subjects (blue) to indicate the site of activation related to the
somatosensory stimulation. In red (P < 0.01) and yellow (P < 0.05), the
probability map for the painful back stimulation in the presence vs absence of
the spouse is displayed. The main difference for the spouse effect is centered
in the frontocentral region, far away from the primary somatosensory
processing area.

spouse; t(9) = 2.39, P< 0.05; Figure 4), the unpleasantness of
the stimuli (M = 61.40, SD = 11.59 in the presence and M =
54.47, SD = 9.50 in the absence of the spouse; t(9) = 3.12, P <
0.05), and the clinical back pain ratings (presence: M = 34.00, SD
= 28.91 and absence: M = 31.25, SD = 21.45;1(9) = 1.83, P =
0.05) in the group with solicitous spouses but not the group with
nonsolicitous spouses and the pain-free control group. No
significant correlations with the MPI variables or time since onset
were present.

4. Discussion

In this study, we have shown that pain intensity and un-
pleasantness ratings and pain-related brain activation patterns
were significantly higher in patients with solicitous partners in the
presence vs absence of the spouse.

These data suggest that the mere presence of a solicitous
spouse serves as a discriminative cue for enhanced cerebral

70

D
(&)}
I

(2]
o
I

® Without spouse

m With spouse

Pain intensity ratings
(&)} (&)
o (9]

I
a
I

N
o

Pain patients -
solicitous

Pain patients -
nonsolicitous
Groups

Healthy controls

Figure 4. Pain intensity ratings. The figure shows the mean ratings of the
painful stimulation for the 3 groups (healthy, patients with a solicitous spouse,
and patients with a nonsolicitous spouse) and the 2 conditions (with and
without spouse). *P < 0.05.
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processing of acute pain stimuli in patients with chronic pain who
are habitually reinforced for the expression of pain behaviors. The
global field power of the EEG, an indicator of the brain’s response
to the steady-state stimuli that were applied to simulate a tonic
pain stimulus, was almost 3 times higher in the presence
compared with the absence of the spouse when the site of pain
was stimulated in a painful manner, and the spouse was
reinforcing pain behaviors in the home environment. This spouse
effect was found neither in patients whose spouses showed
punishing or distracting (here termed nonsolicitous) responses to
the pain nor in the pain-free controls. This result adds to a growing
literature on the important effects of learning and memory
processes on the experience of pain.’ 732

In relation to brain activity, the location of the differential effects in
the frontocentral region suggests that this activity may originate from
the anterior cingulate and might thus be more related to affective
than sensory-discriminative pain processing.>® A detailed source
analysis was not possible with this type of stimulation; thus, this
assumption needs to be verified in further research. These data are,
however, in accordance with findings by Singer et al.*° showing that
empathy toward the pain experience of another person is also
mediated by the anterior cingulate. These data also are in
accordance with studies that sought to separate emotional and
sensory components of pain and found differential activity in either
the anterior cingulate (unpleasantness focus) or the somatosensory
cortex (sensory focus). 2> Notably, they support the hypothesis of a
shift in functional brain activity during continuous ratings of
fluctuations in spontaneously occurring back pain from brain regions
related to nociception to more emotion-related circuitry in the
transition process from acute to chronic pain.?

The differential association of frontocentral brain activity in
response to tonic pain stimuliis in accordance with previous data
showing an increase in cerebral responding in patients with
chronic pain over time.>"" These data suggest that abnormal
brain responses to painful stimulation develop over time and may
later be a prime contributor to chronic pain. Here, this notion was
supported by the responsiveness of both acute and habitual pain
ratings as well as unpleasantness estimates to spouse presence
in the couples with frequent reinforcement of pain behaviors.

A further interesting aspect of this study was the limitation of
the differential spouse effects to painful stimulation compared
with nonpainful stimulation and the site of pain (back vs finger).
This further underlines the assumption that these effects are
based on learning and related to the expression of pain behaviors
in the context of pain episodes. This is in line with the finding that
the magnitude of the brain activation in the presence vs absence
of the spouse was significantly positively correlated with time
since onset of the chronic pain problem. The differential pain
intensity and unpleasantness as well as the habitual pain ratings
were not related to time since pain onset, suggesting that the
physiological measures may be more sensitive than the self-
report responses.

The difference between the 3 study groups suggests strong
dyadic-based and couple-based effects on the conditioning
mechanisms in chronic pain and confirms the assumption that the
inclusion of the spouse in the treatment of chronic pain may have
beneficial effects.*? Indeed, including the partner into therapy has
been reported beneficial for different mental and physical disorders,>
and chronic pain in particular.*® Most patients with chronic pain live
in a couple relationship and couples often rearrange their daily
routines and way of life to adapt to the pain.®! Partners engage in
solicitous behavior for a variety of reasons, most prominently to
reduce the patient’s immediate distress—and also because in the
beginning—during the acute pain phase; this very behavior was
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indeed helpful. Both the affected couples and clinicians alike face
challenges to break the vicious cycle of concerned attention and
increased pain. Based on this, therapy aims to sensitively analyze the
couple’s interaction behavior, develop alternatives and train the
partner to distract the patient from the pain, to reinforce pain-
incompatible behavior, and elaborate scenarios that improve
relationship quality.*®

This study has several limitations. First, the data are based on a
small selected sample and need to be confirmed by studies with a
larger number of patients. The use of EEG recordings with tonic
frequency-modulated pain stimuli did not permit an analysis of the
brain sources of the spouse-related activation. Further research
should use functional imaging methods that can also evaluate
activation in subcortical brain regions to determine with greater
specificity the brain regions that are involved in the “spouse”
effect. In addition, the immediate effects of supportive and
solicitous spouse behaviors in association with relationship
quality, the patient’s level of depression, and the partner’'s
empathic accuracy might allow for more refined analyses of the
conditioning effects in a dyadic context. This also includes the
dyadic assessment of associated brain—brain interactions using a
hyperscanning approach,?® where the responses of both the
patients and the spouses could be assessed and compared. For
pain, electroencephalogram-based hyperscanning has been
used to document that better brain-to-brain coupling was related
to higher analgesia induced by social touch in a healthy study
group.° Moreover, different aspects of spouse responses, such
as solicitous vs supportive behaviors as well as negative affect of
the spouse,®* should be addressed in this context. We also failed
to assess the behavioral responses to the painful stimulation in
the patients and pain-free group during the experiment. Gender
effects should also be targeted; however, our sample size did not
permit this analysis.

In summary, the present data suggest that partner interaction and
the spouse’s solicitous behavior may play a reinforcing role not only
on the behavioral and verbal level but also in the central nervous
system response to painful stimuliin chronic pain. Thereby, the study
adds important information on the brain mechanisms underlying the
role of social factors in the development of chronic pain and may
provide insights for mechanistic treatment approaches.
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