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Abstract

Background

Social context such as the relationship between a person experiencing pain and a caregiver

has been shown to affect the experience of pain, yet, results are not consistent. Possibly,

differential effects of interpersonal relationships are modulated by affective states

expressed by social partners. Viewing partner pictures in experimental designs is not only

associated with lowered perceived pain intensity, but also affects neural responses. How-

ever, the role of affective modulation is not clear. The present study aimed to systematically

examine the pain modulating effects of stimuli varying in affect and social content including

personal relevance using subjective report and psychophysiological measures of facial and

autonomic activity.

Methods

Twenty-nine women underwent a tonic heat pain paradigm with simultaneous picture view-

ing to investigate the influence of their partners’ faces with a neutral facial expression com-

pared to strangers’ happy, angry and neutral facial expressions on pain intensity and

accompanying psychophysiological parameters (facial activity: corrugator muscle activity,

autonomic activity: skin conductance level, heart rate). In addition to perceived partner sup-

port and relationship characteristics, the contribution of the affective value (valence,

arousal) of the partner faces to the observed pain modulation was examined.

Results

Partner and happy faces reduced self-reported pain intensity and corrugator activity, the lat-

ter being lowest when viewing partner faces as compared to all other picture categories. As

corrugator activity is indexing stimulus unpleasantness and a core feature of the facial pain

expression, this physiological pattern matches well with the subjective ratings. Neutral

objects, neutral and angry faces had no effect on pain self-report, although angry faces

were rated as highly negative. Partner faces also led to increased skin conductance, being

an index of motivational activation, and heart rate deceleration, possibly reflecting increased

sensory intake. Partner-related pain modulation was primarily related to perceived arousal
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of the partner’s picture, i.e., the intensity of the activation of approach motivation, and pain-

related catastrophizing.

Discussion

Our results are partially consistent with emotional pain control models, especially regarding

the modulatory influence of valence. Within the context of socially adaptive behavior, they

particularly underline the social signal value of emotion and attachment figures. Clinically,

our results imply that just looking at pictures of one’s partner when undergoing acute painful

procedures can have a robust hypoalgesic effect.

Introduction

There has been much research on social influences on chronic pain, particularly of social sup-

port and solicitousness [1, 2]. The evidence, however, is inconsistent with respect to the direc-

tion of the pain-modulating effect. Some studies found solicitous partner and socially

supportive others to enhance pain [3–8], corresponding well with assumptions of the operant

model of (chronic) pain [9]. Yet, other studies found partners’ punishing responses to lead to

increased pain and social support to relieve pain [10, 11]. When reviewing experimental stud-

ies examining social pain modulation, Krahé and colleagues [1] found overall that positive

interactions led to a decrease in pain-related responses, whereas negative, mixed or ambiguous

interactions (including the mere presence of another person) led to an increased pain

response.

One explanation for these differential effects of interpersonal relationships could be differ-

ences in the affective state induced by the social partner. This assumption is not only supported

by studies manipulating affect such as threat by varying the social context [12–14], but also by

research using social and affective pictures as stimuli. Three experimental studies showed that

photos of partners as compared to strangers, acquaintances and/or objects reduced pain [15–

17]. When interpreting their results, authors referred mainly to the pictures’ affective value

reasoning that partner pictures are perceived to be pleasant which in turn leads to a positive

affect. Consistent with Motivational Priming Theory [MPT; 18], partner pictures attenuated

the experienced pain. However, the pictures’ valence and arousal, commonly measured in

MPT studies, was not assessed in these studies. Furthermore, in these three studies either a pic-

ture of the partner while smiling was used [15] or the facial expressions were not specified [16,

17]. Therefore, the role of the induced affective state remains unclear. Not only have different

facial expressions (i.e., sad, angry, neutral, happy) different pain modulating effects [10, 19–

22], but the affective state induced by a picture of the partner independent of their facial

expressions may vary depending on the quality of the relationship [15, 23, 24] or pain-related

cognitions such as catastrophizing [25].

It would be particularly meaningful to demonstrate that social cues modulate pain not only

at the level of subjective report, but also at the level of pain-related psychophysiological

responses. Due to being a highly relevant biological stimulus, pain induces autonomic arousal,

as indicated by higher skin conductance level (SCL) and heart rate (HR) [26, 27], i.e., a physio-

logical response pattern which is characteristic for fight-flight behavior [21, 28]. Moreover,

pain stimuli are associated with increased activity of the corrugator muscle, which is consistent

both with findings of eyebrow squeezing being a core element of the facial expression of pain

[29], and corrugator activity correlating with perceived aversiveness of stimuli [30]. Viewing
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pleasant and unpleasant scenes as well as emotional facial expressions is associated with higher

SCL as compared to neutral pictures [18, 30, 31]. Moreover, pleasant picture elicit less corruga-

tor activity [30, 32], whereas unpleasant increase corrugator activity [20, 33–36]. HR responses

to emotional pictures vary depending on valence, yet, are complex due to differences in time

course [31–33]. Little is known about HR responses when participants are exposed to both

pain and emotional stimuli. Interestingly, there is evidence that pain-related HR acceleration

is attenuated while viewing pleasant pictures [37].

The main aims of the present study were (a) to examine the pain modulating effect of pic-

tures varying in (I) their affective state (happy, neutral, angry) and (II) their social content

(partner, stranger, object), and (b) to investigate this effect on the subjective (pain report) and

physiological level (HR, SCL, corrugator EMG). An additional aim (c) was to examine the

association of pain modulation with induced affect, catastrophizing, perceived partner support

and relationship characteristics.

Methods

1. Participants

Female participants were recruited by mass email at the local university. The study was adver-

tised as ‘investigating the effects of stress and being in a relationship on emotional processing

of stimuli’. Interested students were screened for eligibility and exclusion criteria by a tele-

phone interview. To be considered for inclusion, participants had to be (a) female (in order to

control for gender effects), (b) older than 18 years, and (c) in a close relationship for at least 6

months. Criteria for exclusion were: (a) self-report of acute or a history of chronic pain, (b)

current mental health problems, (c) organic diseases, (d) intake of psychotropic or analgesic

drugs, and (e) the partner did not consent to being photographed. Seven of 36 tested partici-

pants had to be excluded from data analysis due to illness on the day of the experimental ses-

sion (N = 2), missing data (N = 1), extremely low pain thresholds (N = 2), history of self-

injurious behavior (N = 1), and a fire alarm during the experiment (N = 1) resulting in a total

sample of N = 29 women. Data of the final sample can be requested by writing to ethikkom-

mission@fb06.uni-giessen.de. All participating women were students and on average 23.34

years (SD = 2.89) old. The majority (69.9%) had been in their partnership for longer than two

years (see Table 1).

For their participation the female students received either 15 € or course credit. The local

Faculty 06 –Psychology and Sports Science ethics committee (LEK-FB06) approved the study

protocol (# 2010–0018) and written informed consent was received from all participants.

2. Questionnaires

Questionnaires assessing catastrophizing, relationship satisfaction, and perceived partner sup-

port were administered online via Unipark (Questback GmbH, Oslo, Norway) prior to the

experiment. Participants rated their current level of happiness in their relationship as a state

measure on the day of the experiment.

2.1 Catastrophizing. Pain Catastrophizing Scale (PCS [38]; German version [39]). The

PCS consists of 13 items measuring three different aspects of catastrophizing thoughts about

pain. The three subscales are Helplessness (6 items, e.g.,: “I feel, I can’t stand it anymore”),

Rumination (4 items, e.g.,: “I keep thinking about how much it hurts”), and Magnification (3

items, e.g.,: “I become afraid that the pain may get worse”). Frequency of the thoughts are rated

on a Likert scale from 0 (never) to 4 (all the time), with the total score ranging between 0 and

52. A total score > 30 is considered as clinically relevant [38]. Factor structure and psychomet-

ric properties for the German version are comparable to those for the English version. Internal
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consistency for the subscales of the German version are good (Cronbach’s α = .67 for magnifi-

cation, Cronbach’s α = .88 - .92 for the other scales and the sum score [39]).

2.2 Relationship satisfaction. Relationship Assessment Scale (RAS [40]; German version
[41]). The RAS is a single factor scale measuring the generic satisfaction in close relationships

and marriages. It consists of seven items (e.g., “How well does your partner meet your needs?”,

“In general, how satisfied are you with your relationship?”) that have to be rated on a 5-point

Likert scale from 1 (low satisfaction) to 5 (high satisfaction). The final RAS score is averaged

across the seven items. In a German student sample, internal consistency (Cronbach’s α = .82),

retest reliability (men: rtt. = .78, women: rtt. = .86) and validity of the RAS were good [41].

Current happiness. Participating women rated how happy they currently felt in their rela-

tionship (“If you think right now about it, how happy or unhappy are you with your partner-
ship?”) on a 7-point Likert scale ranging from 0 (extremely unhappy) to 6 (perfect). This item

was taken from the German version [42] of the Dyadic Adjustment Scale (DAS; [43]), a well-

established measure for assessing the quality of partnerships [42, 43].

2.3 Perceived partner support. Stress-related partner support (Dyadic Coping Inventory:
DCI [44]). The women’s view of their partners’ social support in stressful situations was

Table 1. Sociodemographic characteristics, questionnaire data and valence and arousal ratings of the partner picture and their correlation with experimental mea-

sures of partner pain modulation (partner-PM).

Mean/ Frequency SD Experimental measures

Partner-PM1 Partner valence Partner arousal

r (p) r (p) r (p)
Partnership duration 6–24 month 9 – -.07 (.715) -.03 (.884) -.05 (.802)

>24 month 20 –

Relationship satisfaction (RAS) 4.29 .69 .20 (.295) .08 (.694) .35 (.060)

Current happiness with relationship rating (0–6) 4.38 1.29 .34 (.072) .07 (.730) .08 (.690)

Pain catastrophizing (PCS) 18.72 9.20 .45 (.014) .29 (.133) .29 (.131)

Helplessness 7.52 5.09 .46 (.012) .26 (.171) .40 (.032)

Rumination 8.24 3.98 .34 (.074) .32 (.087) .11 (.573)

Magnification 2.97 1.82 .27 (.165) .01 (.975) .10 (.620)

Pain-related partner behavior (MPI-D)

Punishing response .47 .77 -.17 (.384) -.25 (.192) -.16 (.410)

Distracting response 2.49 1.23 -.20 (.307) -.01 (.943) -.09 (.645)

Solicitous response 4.29 .99 .11 (.564) .29 (.122) .43 (.019)

Stress related partner support (DCI)

Supportive DC 19.90 3.03 -.04 (.858) -.16 (.405) .11 (.580)

Negative DC (invers) 16.90 2.78 .04 (.848) -.03 (.868) .30 (.110)

Delegated DC 7.34 2.02 -.18 (.362) .09 (.633) .13 (.514)

Conjoined DC 17.72 3.85 .06 (.759) -.06 (.770) .18 (.358)

Satisfaction with partner support 4.24 .83 .09 (.659) -.16 (.412) .27 (.160)

Effectiveness of partner support 4.00 .80 -.09 (.639) -.13 (.495) .13 (.496)

Ratings for partner picture during experiment 7.43 1.35 .40 (.034) .42 (.022)

Valence (0–9)

Arousal (0–9) 4.28 2.37 .51 (.004)

Significant correlations are highlighted in bold. Abbreviations: DC(I) = Dyadic coping (inventory); MPI-D = Multidimensional Pain Inventory–German version;

PCS = Pain catastrophizing scale; RAS = Relationship Assessment Scale.
1 Partner-PM refers to the difference in pain intensity when viewing neutral faces versus partner pictures (Δ neutral–partner) at t3, i.e., partner-PM > 0 indicates a pain

relieving effect of partners’ faces.

https://doi.org/10.1371/journal.pone.0254069.t001
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assessed using the DCI. The DCI consists of four subscales: (a) Supportive dyadic coping (DC;

five items, e.g., "He gives me the feeling that he understands me, and that he is interested in my
stress."), (b) Negative DC (four items, e.g., "He accuses me that I cannot handle stress good
enough.”), (c) Delegated DC (two items, e.g., “He takes over tasks and activities that I normally
do, in order to relieve me."), and (d) Conjoined coping (five items, e.g., "We try to deal with the
problem together and look for concrete solutions."). Two additional items assess the satisfaction

with and effectiveness of the partner’s and the conjoined dyadic stress coping, summarized as

‘Evaluation of partner support’. All items are rated on a 5-point Likert scale ranging from 1

(very seldom) to 5 (very often). The subscales of the questionnaire have good internal consisten-

cies (Cronbach’s α = .71 - .92). The retest-reliability varies between .53 and .80. validity was

shown to be good [44].

Pain-related partner behavior (Multidimensional Pain Inventory: MPI-D; [45]; German ver-
sion [46]). We used part 2 of the MPI-D. Since it had originally been designed to measure

pain-related partner behavior in chronic pain samples, we adapted the instruction for the cur-

rent study to assess the partner’s behavior in acute pain situations such as head-, tooth-, joint-

or muscle ache. Part 2 of the MPI-D consists of three scales: (a) Punishing responses (3 items,

e.g., “Expresses anger at me”), (b) Distracting responses (3 items, e.g., “Encourages me to work
on a hobby”), and (c) Solicitous responses (5 items, e.g., “Asks me how he can help”). The items

are rated on a 7-point Likert scale ranging from 0 (never) to 6 (very often). The MPI-D sub-

scales have good consistency (Cronbach’s α = .75 - .93), reliability (rtt = .70 - .89) and validity

[46].

3. Experimental design

The experiment consisted of 15 trials of tonic heat pain stimulation with simultaneous picture

presentation. The inter-trial-interval varied randomly between 15 and 35 s.

3.1 Heat pain stimulation. All heat stimuli were applied with a 30 x 30 mm Peltier ele-

ment-based advanced thermal stimulator (ATS) thermode (Pathway Model Cheps, Medoc

Ltd, 2005, Ramat Yishai, Israel) placed on the thenar of the non-dominant hand.

In each experimental trial, tonic heat stimulation started from a baseline temperature of

32˚C, with temperature increasing at a rate of 1˚C/s until the individually adjusted target tem-

perature was reached and maintained for 54 s. Then, temperature returned to baseline at a rate

of 8˚C/s.

The intensity of the experimental tonic heat pain stimuli was individually adjusted such

that (a) the intensity of the tonic heat pain stimulus was rated as about 10 on a visual analogue

scale (VAS, 0–20 units), and that (b) pain intensity would not be rated below 8 on the VAS

during the 50 s adjustment trial stimulation. To determine the individual stimulus intensity, a

two-step approach was followed: (a) The heat pain threshold (HPT) was determined using the

method of limits. Following three practice trials, five HPT trials were run. HPT was defined as

the mean of the last three trials; (b) The temperature for the tonic heat pain stimulation was

determined by a series of tonic heat trials with an increase in stimulation temperature. Each

trial during the adjustment phase lasted 50 s, started at a baseline temperature of 32˚C which

increased at a rate of 1˚C/s until reaching the target temperature. In the first trial, the target

temperature was set at 1˚C below HPT. In each subsequent trial, the temperature of the tonic

heat stimulus was increased by 0.5˚C. During the 50 s tonic stimulation, the participants rated

the pain intensity continuously using the VAS. Subsequently, the temperature returned to

baseline at a rate of 8˚C/s. After an inter-trial-interval of 30 s, participants started the next heat

stimulus by pressing the Enter button. The calibration procedure was terminated when pain

intensity was rated at about 10 and not less than 8 on the VAS units.
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3.2 Picture stimuli. Five categories of pictures were presented to investigate social-affec-

tive pain modulation: (a) partner neutral faces (from now on referred to as ‘partner’), (b) stan-

dard stranger neutral faces (‘neutral’), (c) standard stranger happy faces (‘happy’), (d) standard

stranger angry faces (‘angry’), and (e) standard neutral non-social objects (‘objects’). To sys-

tematically vary affective valence, we used happy, angry and neutral faces of strangers. Angry

faces can be considered as particularly ecologically valid negative social stimulus as they can

convey a punishing response of a person.

We decided against manipulating the affective valence of the partners’ faces for reasons of

undue burden on participants (increase in number of trials) and their partners (need to pro-

vide additional photos expressing happiness and anger) and difficulties in ensuring the validity

of the target emotional expressions. Nevertheless, the picture categories allowed to compare

the effects of neutral partner, neutral stranger, and object pictures, and, in addition, the differ-

ential effects of strangers’ neutral, happy, and angry faces. Hence, conclusions can be drawn

both regarding the role of the social content as well as affective valence.

Happy, neutral and angry faces of strangers were taken from the Karolinska Directed Emo-

tional Faces picture set [47]. We chose 15 male frontal pictures for each facial expression (neu-

tral, happy, angry) based on the best hit rates of emotion recognition and the highest intensity

scores ([48]; KDEF image codes: neutral: AM11NES, AM31NES, AM13NES, AM10NES,

AM01NES, AM07NES, AM06NES, AM25NES, AM08NES, AM14NES, AM18NES,

AM35NES, AM04NES, BM12NES, BM16NES; happy: AM07HAS, AM25HAS, AM32HAS,

AM17HAS, AM22HAS, AM23HAS, AM05HAS, AM12HAS, AM01HAS, AM04HAS,

AM08HAS, AM09HAS, AM11HAS, AM16HAS, AM31HAS; angry: AM10ANS, AM11ANS,

AM17ANS, AM09ANS, AM30ANS, AM29ANS, AM24ANS, AM19ANS, AM26ANS,

AM28ANS, AM31ANS, BM12ANS, BM18ANS, AM13ANS, AM06ANS). The 562 x 762 pixel

pictures were colored and in portrait format with a display size of 14.4 x 19.6 cm. Examples are

shown in Fig 1A.

In addition, there was a set of 30 neutral pictures of household objects taken from the Inter-

national Affective Picture System (IAPS [34]; image codes neutral objects: 7000, 7002, 7004,

7006, 7009, 7010, 7020, 7025, 7030, 7034, 7035, 7040, 7041, 7050, 7052, 7056, 7059, 7080, 7090,

7175, 7150, 7179, 7185, 7186, 7217, 7233, 7235, 7705, 7950). These 1024 x 768 pixel sized pic-

tures were colored and in landscape format (display size: 25.9 x 19.6 cm).

Fifteen pictures of the partner were taken prior to the experiment either at home or in the

laboratory under standardized conditions. Partners were instructed to wear a black, grey or

white T-shirt, and to look straight into the camera without smiling. If the pictures were taken

at home, the men were requested to take the photos in the absence of their partners. All pic-

tures were checked for deviations from a neutral expression. When partners’ pictures were not

considered to be neutral, new pictures were taken. Partner pictures were matched in size to the

standard faces (562 x 762 pixels).

In each trial, six pictures were randomly selected from one picture category. There were

three trials per picture category in a pseudo-random order such that the same picture category

was not shown more than twice in consecutive trials (see Fig 1A). Furthermore, each picture

could not be presented more than twice within and across trials.

3.3 Trial structure. Experimental design and trial structure are illustrated in Fig 1A and

1B. Each experimental trial consisted of a tonic heat stimulus with a duration of 54 s. During

each tonic heat stimulus six pictures of one of the five picture categories were presented, each

picture for 5 s. Presentation of the pictures 1–3 is further referred to as picture viewing time 1

(PVT1; total duration: 15 s), the presentation of the pictures 4–6 as PVT2 (total duration: 15 s).

3.4 Outcome measures. 3.4.1 Pain intensity, picture valence and arousal ratings. Pain
intensity was rated three times per trial on a visual analogue scale (VAS) presented on the PC
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Fig 1. a. Experimental design. Each picture category was presented three times (block 1–3). In each block, the order of the five picture

categories was randomized for every participant. Inter-trial-intervals (ITI) varied between 15 and 35 s. Image codes of the schematically

displayed pictures (from left to right): AM10ANS, AM31NES, AM07HAS, instead of the picture of the partner the picture AM02NES is

presented, due to picture rights, 7009. b. Trial structure. The figure shows the time course of one experimental trial. (A) Psychophysiological

data were recorded continuously and later segmented (BL: baseline, 5s before temperature rising, pic1-pic6: 6 5 s intervals during picture

presentation, PVT: picture viewing time), (B) heat pain stimulation: starting from a baseline temperature of 32˚C, temperature increased at a rate

of 1˚C/s until reaching the individually adjusted stimulation temperature. The target temperature was held constant for 54 s and then returned to

baseline temperature at a rate of 8˚C/s, (C) pain intensity ratings on a visual analogue scale (VAS): VAS were shown on the screen for 8 s and

participants were asked to rate pain intensity prior to picture viewing (VAS t1), and after each picture viewing time (VAS t2: after pic1-pic3; VAS

t3: after pic4-pic6); (D) picture presentation and ratings: valence and arousal ratings were obtained using the self-assessment manikin (SAM).

ITI: 15-35s.

https://doi.org/10.1371/journal.pone.0254069.g001
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monitor ranging from no pain (0) to worst pain imaginable (20) within a time window of 8 s:

(1) VAS t1—immediately when the target experimental temperature was reached and prior to

picture viewing, (2) VAS t2 –after the end of PVT1, and (3) VAS t3 –after PVT2.

Valence and arousal. At the end of each trial, when the heat pain stimulus had returned to

baseline temperature, participants were asked to rate the valence and the arousal of the six pic-

tures presented during the trial. Valence and arousal ratings were obtained using computer-

ized versions of the well-established Likert self-assessment manikins (SAM; [49]; valence:

1 = very unpleasant; 9 = very pleasant; arousal: 1 = very calm; 9 = very arousing). Participants

made their ratings by moving the cursor from a mid-scale starting point by pressing the ‘left’/

’right’ arrow keys.

3.4.2 Psychophysiological data. All psychophysiological signals were recorded continuously

with a QuickAmp 72 Amplifier using BrainVision Recorder software (Brain Products GmbH,

2008) and sampled at 1000 Hz. A ground electrode was placed on the right clavicle. Except

when asked to rate, participants were instructed not to move their hands. Markers were

recorded such that the data segments for BL, PVT1 and PVT2 could be extracted offline. All

other recordings over time were not further considered for analysis.

Skin conductance level (SCL). For SCL recording, a galvanic skin response adaptor (GSR

sensor, Brain Products GmbH) and two Ag/AgCl Electrodes (diameter: 10 mm) filled with

TD-246 isotonic paste (EASYCAP GmbH, Herrsching, Germany) were used. The electrodes

were placed on the thenar eminence of the dominant hand after having cleansed the hand with

water. The signal was filtered online with a 100 Hz low pass filter. The mean SCL (mS) for 500

ms epochs was calculated. Data of two participants had to be excluded from further analysis

due to technical problems during recording.

Corrugator electromyography (Corrugator EMG). Activity of the M. corrugator supercilii

was measured using a bipolar reording with two Ag/AgCl electrodes (diameter: 5mm) filled

with electrolyte-gel (SuperVisc, Easycap GmbH). After cleansing the skin with alcohol, the

electrodes were placed above the left eyebrow according to EMG recording guidelines [50].

The corrugator EMG was filtered online with a 10Hz high pass filter. The EMG signal was fil-

tered offline with a 50 Hz notch filter and visually inspected for artefacts. The EMG signals

were rectified and integrated using contour-following integrators with a time constant of 80

ms [36]. Mean EMG activity (μV) was calculated for 500 ms epochs. Artefact-containing

500ms epochs were excluded from further analysis.

Heart Rate (HR). Heart rated was measured using an electrocardiogram (ECG) with two

pre-gelled AG/AgCl electrodes (Megro, Wesel, Germany). One electrode was placed on the

right clavicle and the other one on the lowest left rib. ECG signals were filtered online with a

100 Hz low pass filter and a 0.5Hz high pass filter to avoid baseline shifts in the ECG [51]. The

signal was visually inspected for artefacts and R-Wave detection errors. For HR analysis, beat-

to-beat intervals were calculated and transformed into beats per minute for every data point

and averaged across 500 ms epochs. All artefact-containing 500 ms epochs were excluded from

further analysis. The data of one participant had to be excluded from further analysis due to

technical problems during recording.

4. Procedure

When a female participant was considered as eligible, her partner was sent an email with a

standardized instruction on how to take the necessary neutral portrait photos. Partners who

were not able to take the photos at home were offered to be photographed in the laboratory.

All partners provided informed consent for the use of their photos in the study. Female partici-

pants were invited via email to fill out the relevant questionnaires online.
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The experiment took place in a psychophysiology lab at the local university. The experi-

mental chamber was equipped with a video camera, a microphone and speakers to allow com-

munication with and monitoring of the participants from an adjacent control room. The

experimental run was controlled by Presentation software (Neurobehavioral Systems, Inc.,

Version 14.2) from the adjacent control room. Participants received written instructions

throughout the experiment.

Participants were seated comfortably in a chair with armrests in front of a PC desk with a

monitor (distance: 0.5 m), a mouse and a computer keyboard. Next, participants were

informed about the experiment and gave their informed consent. Then, the thermode was

attached to the non-dominant hand with a velcro strap and the electrodes for the physiological

recordings were attached.

Heat pain thresholds were determined and participants were familiarized with the SAM rat-

ings. Next, the experimental temperature was adjusted individually. Immediately prior to the

experimental trials, the participants rated their current happiness in the relationship. The

actual experiment lasted approximately 20 min. After the experiment, the electrodes and the

thermode were removed, participants were debriefed and had the opportunity to ask

questions.

5. Data preprocessing and statistical analysis

5.1 Data preprocessing. Ratings. For each picture category and each rating time (VAS t1,

VAS t2, VAS t3), the mean pain intensity was calculated as the average over the three trials.

For the correlational analyses, we defined partner pain modulation (partner-PM) as the differ-

ence in pain intensity between trials with neutral and partner faces (neutral–partner) at VAS

t3, thus allowing to account for individual differences in pain experiences. Accordingly, part-

ner-PM scores greater than 0 reflect a pain-relieving effect of the partner faces when compared

to neutral faces. Mean valence and arousal for each picture category were calculated by averag-

ing the ratings over the three trials per picture category.

Psychophysiological data. Preprocessing and aggregation of the psychophysiological data

was done with customized Matlab programs. To reduce inter-individual differences, all physi-

ological raw data were individually z-transformed [zi = (xi-Mi)/SDi]. As we used tonic heat

pain stimulation, we were interested in psychophysiological responses during the heat pain

stimulation. Therefore, after standardization (z-scores), we computed mean values for seven 5

s intervals per trial (BL, pic1-pic6) which were further collapsed over the three trials per picture

category. Finally, averages for PVT1 (i.e., mean of pic1 to pic3) and for PVT2 (i.e., mean of

pic4 to pic6) were computed, yielding mean values for PVT1, PVT2, and BL (see Fig 1B).

5.2 Statistical analysis. All statistical analyses were calculated using IBM SPSS Statistics

(version IBM 20.0.0, Armonk, NY) and p-values were set to .05.

Analyses of variance. We used the GLM procedure to conduct the ANOVAs to analyze dif-

ferences in valence and arousal, pain intensity modulation and psychophysiological correlates

depending on picture category and time. If the assumption of sphericity was violated, Green-

house-Geisser corrected degrees of freedom (df) were used, yet, the nominal df are reported.

For F-tests, partial eta-squared (η2) were calculated as effect sizes. Significant interactions were

followed up by post-hoc Bonferroni adjusted estimated marginal mean tests between picture

categories for VAS t1-t3 using the COMPARE function of the GLM procedure [52]. Cohen’s d
for repeated measures (drm; [53]) was calculated as effect size for mean comparisons.

For differences in valence and arousal between pictures, two one-way repeated measures

ANOVAs were conducted with the factor PICTURE (5: partner, happy, neutral, angry,

objects).
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The pain modulation by picture category was analyzed using a two-way 3 x 5 repeated mea-

sures ANOVA with the factors TIME (VAS t1, 2, 3) and PICTURE (partner, happy, neutral,

angry, objects).

For the psychophysiological correlates, two-way 3 x 5 repeated measure ANOVAs with the

factors TIME (BL, PVT1, PVT2) and PICTURE (partner, happy, neutral, angry, objects) were

conducted for SCL, corrugator EMG and HR, respectively. In addition, due to different time

courses of HR changes during PVT1 and PVT2, difference scores between the first and last 5 s

segments of PVT1 and PVT2 were computed, thus HR difference scores above 0 indicate HR

deceleration between the early and late phase of picture viewing.

Correlational analyses. The relationship between the partner-PM and perceived valence and

arousal of the partner face, perceived partner support, relationship satisfaction and pain-

related catastrophizing was determined by computing Pearson’s product-moment correlations

or point-biserial correlations. In order to determine the unique relationship of a variable with

partner-PM, partial correlations were calculated, whenever a variable correlated significantly

both with partner-PM and another of the considered variables.

Results

1. Valence and arousal ratings for each picture category

Results regarding valence and arousal ratings are summarized in Table 2.

The one-way repeated measure ANOVA for valence ratings revealed a significant main

effect for PICTURE (F(4,112) = 71.21, p < .001, η2 = .72). Partner and happy faces were per-

ceived as equally pleasant (p = 1.00, d = 0.34) and both evoked more pleasure than neutral

faces and objects (ps< .001, ds> 1.32) which elicited similar pleasure (p = .063, d = 0.55).

Angry faces were perceived to be most unpleasant (ps < .001, ds> 1.79).

The one-way repeated measure ANOVA for arousal ratings also found a main effect of PIC-

TURE (F(4,112) = 21.7, p< .001, η2 = .44). Angry faces and partner faces were most arousing

and did not differ significantly (p> 0.999, d = 0.04). Angry faces elicited significantly more

subjective arousal than happy faces (p = .008, d = 0.59), neutral faces and objects (ps < .001,

ds> 1.23). Partner faces were more arousing than objects and neutral faces (ps< .001,

ds> 1.11) which did not differ significantly in subjective arousal (p = .211, d = 0.40). The dif-

ference in arousal between partner and happy faces had a medium effect size but did not reach

statistical significance (p = .058, d = 0.53). Happy faces also elicited significantly more arousal

than neutral faces (p = .018, d = 0.78) and objects (p< .001, d = 1.00).

2. Modulation of pain intensity by pictures

Experimental temperature and pain intensity. The mean temperature used in the experiment

was M = 43.72˚C (SD = 1.53; range 40.5–46.5˚C). The mean pain intensity rating at t1 (i.e.,

before any picture viewing) in the very first experimental trial was M = 11.1 (SD = 3.98).

Pain modulation during picture viewing. The 5 x 3 repeated measure ANOVA of pain inten-

sity ratings during picture presentation revealed a main effect of PICTURE (F(4,112) = 7.93,

Table 2. Valence and arousal ratings (M, SD) for the pictures.

Picture partner happy angry neutral objects

Mean SD Mean SD Mean SD Mean SD Mean SD
Valence 7.43a 1.35 6.99a 1.19 2.87b 1.16 4.93c 1.14 5.48c 1.07

Arousal 4.28ab 2.37 3.15a 1.65 4.37b 2.25 2.07c 0.98 1.67c 1.04

abc Significant differences between categories are indicated by different superscript.

https://doi.org/10.1371/journal.pone.0254069.t002
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p< .001, η2 = 0.22), TIME (F(2,56) = 7.94, p = .005, η2 = 0.22), and a significant PICTURE x

TIME interaction effect (F(8,224) = 12.57, p< .001, η2 = 0.31). Results are displayed in Fig 2.

At baseline, there were no significant differences in pain intensity ratings (VAS t1) between

the five different picture categories (Ms = 7.68–8.24, ps > .37, ds< 0.17).

At t2, pain intensity was lower when viewing partner rather than angry faces, neutral faces,

and objects [Ms (p-value) = 5.98 vs. 7.44 (< .001), 7.46 (.005), 7.60 (.001), ds> 0.49]. Viewing

happy faces (M = 6.72) also led to lower pain intensity compared to objects (M = 7.60; p =

.012, d = 0.34). The difference between partner (M = 5.97) and happy faces (M = 6.72) was not

significant (p = .102, d = 0.28).

At t3, the pattern of differences in pain intensity depending in picture category was similar

to t2. Pain intensity was significantly lower when viewing partner rather than angry faces, neu-

tral faces and objects [Ms (p-value) = 6.16 vs. 8.17 (< .001), 8.03 (.001), 8.14 (< .001),

ds> 0.60]. Happy faces as compared to angry faces and objects lowered perceived pain inten-

sity [Ms (p-value) = 6.86 vs. 8.17 (.013), 8.14 (.011), ds > 0.41]. Again, pain intensity while

viewing partner (M = 6.16) and happy faces (M = 6.86) did not differ significantly (p = .162,

d = 0.24).

3. Psychophysiological responses during tonic heat pain and picture

viewing

The time course of SCL, corrugator EMG and HR is displayed in Fig 3. To analyze the effects

of picture viewing on pain-related psychophysiological responses, 3 x 5 repeated measure

ANOVAs with the factors TIME (BL, PVT1, PVT2) and PICTURE (partner, happy, neutral,

angry, objects) were conducted.

Fig 2. Pain intensity ratings during tonic heat pain stimulation. Ratings on a visual analogue scale (VAS; M, SE) before

picture viewing (VAS t1), after picture viewing time (PVT) 1 (VAS t2) and after PVT 2 (VAS t3).

https://doi.org/10.1371/journal.pone.0254069.g002
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SCL. The analysis of SCL during picture viewing while being exposed to tonic heat pain

revealed a main effect of PICTURE (F(4,104) = 6.03, p< .001, η2 = .19), and a significant PIC-

TURE x TIME interaction (F(8,208) = 4.63, p = .002, η2 = .15) (see Fig 4A). There were no sig-

nificant BL differences in SCL depending on picture category (-.07< Ms .10, p’s = 1, ds< 0.26;

see Fig 3A). During PVT 1, viewing partner faces elicited the highest SCL compared to all

other picture categories (PVT1: ds = 1.01–1.59). Similarly, during PVT2, partner faces were

associated with higher SCL compared to objects (d = 1.16) and neutral faces (d = 1.77) (see Fig

4A for contrasts). Further, during PVT2, SCL was larger for happy compared to neutral faces

(d = 0.89). Finally, during PVT2, SCL was higher when viewing partner compared to happy

faces (d = 0.82), and when viewing angry compared to neutral faces (d = 0.84), though not

reaching statistical significance (p = .091 partner vs. happy; p = .056 angry vs. neutral).

Corrugator EMG. The 3 x 5 ANOVA for the corrugator EMG revealed significant main

effects of PICTURE (F(4,112) = 24.55, p< .001, η2 = .45) and TIME (F(2,56) = 19.17, p< .001,

η2 = .41), and a significant PICTURE x TIME interaction (F(8,224) = 20.86, p< .001, η2 = .43).

As illustrated in Fig 4B, at BL, there were no differences in corrugator activity between the pic-

ture categories (Ms = -.11 –-.32, ps > .31, ds< .43). During PVT1 and PVT2, when viewing

partner faces corrugator activity was significantly lowest in contrast to all other picture catego-

ries (PVT1: ds = 1.17–2.73, PVT2: ds = 1.36–3.00). Furthermore, during PVT1 and PVT2, cor-

rugator activity was significantly lower for happy faces when compared to all other picture

categories except partner faces (PVT1: ds = 0.97–1.51, PVT2: ds = 1.13–1.26).

HR. The 3 x 5 ANOVA showed no main effects for TIME or PICTURE and no interaction

effect (ps> .149, η2 < .07). As illustrated in Fig 4C, this indicates that HR did not differ

between picture categories, at least when HR was averaged for the total PVTs. However, as

illustrated in Fig 3C, HR changed differentially over the course of PVT1 and PVT2 depending

on picture category. To delineate this time course, we computed difference scores between the

first and last 5 s segment of PVT1 and PVT2, respectively. Difference scores greater than 0

reflect a deceleration in HR from the beginning to the end of picture viewing.

We conducted a 2 x 5 repeated measures ANOVA with the factors PVT (PVT1 vs 2) and

PICTURE CATEGORY (5) and the HR change score as dependent variable. The ANOVA

yielded a significant interaction between PICTURE CATEGORY and PVT (F(4,108) = 3.56,

p = .009, η2 = .12), but no significant main effects for PVT (p = .774) and PICTURE CATE-

GORY (p = .122). During PVT1, HR deceleration was greater when viewing partner than

angry and neutral faces and objects [Ms (p-values) = .43 vs. -.01 (.004), .04 (.009), and .03

(.002); ds = 0.67–0.89] and more pronounced when viewing happy (M = .25) compared to

angry faces (M = -.01, p = .049, d = 0.56). For PVT1, no other comparison reached significance

(ps>.107, ds < 0.47). During PVT2, HR deceleration was greater when viewing angry faces

(M = .36) compared to happy faces (M = .03, p = .012, d = .63). For PVT2, no other compari-

son reached significance (ps > .050, ds< 0.56).

4. Correlations between partner-PM, partner-related and psychological

variables

Correlation coefficients for the association between the experimental measures of partner-PM,

and partner-related variables are summarized in Table 1. Neither perceived partner support

(DCI) nor relationship satisfaction (RSA) were associated with partner-PM. Catastrophizing

Fig 3. Time course of psychophysiological responses during tonic heat pain combined with picture-viewing. 5s

averages of (A) skin conductance level (SCL), (B) corrugator activity, and (C) heart rate (HR); BL = baseline, PVT

1 = picture viewing time 1 with pictures 1–3 (pic 1–3), PVT2 = picture viewing time 3 with pictures 4–6 (pic 4–5).

https://doi.org/10.1371/journal.pone.0254069.g003
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correlated significantly with partner-PM, i.e., the higher the disposition for pain-related cata-

strophizing, and particularly helplessness, the stronger the pain-relieving effect of viewing

partner rather than neutral pictures. Moreover, subjective arousal of the partner pictures sig-

nificantly correlated with pain-related helplessness (PCS) and solicitous pain-related partner

behavior (MPI-D). Interestingly, the association between pain-related helplessness and part-

ner-PM was no longer significant when controlled for arousal (rPCS-PM.Arousal = .32, p = .095).

Yet, when controlled for pain-related helplessness, the association between arousal and part-

ner-PM remained significant (rPM-Arousal.PCS = .41, p = .032).

Discussion

The main aim of the present study was to examine the pain modulating effect of pictures vary-

ing in affective quality and social content. Pain modulation was evaluated both at the subjective

and the physiological level. An additional aim was to identify variables such as induced affect,

catastrophizing, perceived partner support and relationship satisfaction that might account for

social pain modulation.

As intended, valence and arousal ratings of the pictures demonstrate successful induction

of positive and negative affect using pictures varying along social and affective dimensions.

Partner faces were rated as highly pleasant and moderately arousing, angry faces as highly

unpleasant and moderately arousing. Happy faces were rated to be as pleasant as partner faces,

but were less arousing. Valence of neutral faces and objects was rated as in between happy and

angry faces and low arousing.

Pain modulating effects emerged both at the level of subjective experience and at the level

of psychophysiological responses. Pain intensity was reduced most when viewing partner and,

somewhat less pronounced, when viewing happy faces. Viewing angry and neutral faces and

neutral objects had no effect on reported pain intensity. Partner faces elicited highest SCL and

lowest corrugator activity. Happy faces were associated with lower corrugator activity than

neutral faces, angry faces and objects, but not as low as the partner faces. SCL in response to

happy faces was higher than for neutral ones. The influence of picture viewing on pain-related

HR response revealed a more complex pattern (see below).

The obtained pain modulation by partner pictures at the level of subjective experience is

consistent with previous reports of pain modulating effects when viewing partners rather than

strangers and objects [15, 16], or when viewing acquaintances compared to completing a dis-

traction task [17]. Our findings extend previous reports in that, unlike in previous studies [15–

17], we carefully controlled the partners’ facial expression to be neutral, did not rely on per-

sonal pictures provided by the participants [17] and did not instruct participants to think

about the partner when the photograph was presented [17]. Importantly, pain modulation was

not limited to subjective report. The diminished corrugator activity closely matched the pain

relief at the level of subjective report. In light of eyebrow squeezing (i.e., an increase in corru-

gator activity) constituting a core characteristic of the facial expression of pain [54], the lower

corrugator activity suggests a diminished behavioral response to pain when viewing partner

pictures. In accordance with the MPT [18], this pain-alleviating effect might be accounted for

by the partner pictures inducing a positive affective state as suggested by them being rated as

highly pleasant. It is also consistent with previous accounts attributing the pain-relieving effect

of partner faces to the activation of feelings of being loved and supported [16].

Fig 4. Average z-scores of psychophysiological responses for the five picture categories during picture viewing.

Descriptive statistics (M, SE) for (A) skin conductance level (SCL), (B) corrugator activity, and (C) heart rate (HR)

during picture viewing time (PVT) 1 and 2. p-values refer to the difference between picture categories.

https://doi.org/10.1371/journal.pone.0254069.g004
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As the partners in our study had a neutral facial expression, our findings demonstrate that

the pain-relieving effect of partners does not require facially expressed happiness. Indeed, as

suggested by the small effect size, neutral partner faces diminished subjective pain intensity

somewhat more than happy faces, although this difference did not reach statistical significance.

At the level of pain-related facial activity, however, partner faces were associated with the low-

est corrugator activity. The induction of intense positive feeling by neutral partner faces may

be partly accounted for by the familiarity effect [55]. Evidence suggests that familiar and unfa-

miliar faces are processed differentially. More specifically, familiar faces are more consistently

recognized and socially evaluated than unfamiliar ones. Mileva and colleagues [56] interpret

this familiarity effect as a shift from image to person rating, i.e., becoming familiar with a face

implies gathering knowledge about the individual facial variability and having to rely less on

changing facial expressions. This familiarity effect can account for partners’ faces being per-

ceived as highly positive stimuli despite the neutral facial expression. To our knowledge, how-

ever, this moderating effect of familiarity has not been systematically tested so far, including,

for example, also partners’ faces expressing negative emotions such as anger. Furthermore, we

believe that our findings also suggest that a picture of the partner with a neutral facial expres-

sion is sufficient to activate associated mental representations [57]. Unlike in previous studies

[15, 16], the partners had not accompanied the participants when coming to the lab and were

not specifically instructed to think about the partner [17], thus underlining the strength of the

priming effect. Indeed, partners’ pictures were associated with a greater increase in SCL which

likely reflects the strength of the activation of approach motivation [58].

Regarding to strangers’ faces, happy, but not angry faces had a pain modulating effect as

shown by pain self-report and corrugator activity. Few studies have investigated pain modula-

tion using positive (e.g., happy) as well as negative facial expressions (e.g., angry, sad, fearful).

Sad [58–60] or angry [21] faces have been associated with increased pain intensity, whereas

viewing happy faces reduced pain intensity [58–60], except in one study reporting enhanced

pain [21]. From the perspective of the Emotional Control of Nociception model (ECON, [59]),

the rather consistent finding of pain attenuating effect of happy faces, as in the present study,

is only partially accounted for. Our finding is consistent with the assumption of the ECON

model that pictures’ valence determines the direction of pain modulation. It is, however, more

difficult to reconcile with the assumption that the modulating influence of valence depends on

the level of arousal. Emotional faces compared to IAPS pictures are typically perceived as less

arousing [22, 60]. In the present study, partner, happy and angry faces were all rated as moder-

ately arousing. The theory of social signal value of emotion expression [61] could explanain for

the finding that happy (and partner) faces had a pain modulating effect despite being moder-

ately arousing. One of its basic assumptions is that an expressed emotion provides information

not only about the expressor, but also about the situation, and vice versa, and that context

information can influence the perceived emotion. From this perspective, happy (and partner

faces) might be a safety cue and of particular importance in a threatening pain context [1, 23,

62, 63]. This approach is consistent with the finding that brain regions related to safety-signals

are only activated during pain relief when partner pictures are presented [15]. As postulated by

Krahé and colleagues [1], when experiencing pain, one’s social interactions may serve as pre-

dictive signals of contextual threat or safety, thus modulating the salience of pain. In the PVT

paradigm used here, partners may function as particularly powerful safety signals as also sug-

gested by the obtained SCL increase.

Unlike for partner and happy faces, angry faces had no pain modulatory effect. Angry faces

were rated as highly aversive and moderately arousing. Indeed, corrugator EMG and SCL for

angry faces were not significantly different from neutral faces and objects. Especially the lack

of a SCL increase suggests that avoidance motivation was not strongly activated [58]. When
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compared to unpleasant pictures having a pain-enhancing effect [e.g., 37], the angry faces were

perceived as much less arousing. In fact, the arousal ratings of the angry faces were comparable

to pictures of loss (M = 4.89) which were also found not to significantly enhance pain in a pre-

vious study [59]. Hence, the lack of a pain-modulating effect of angry faces is consistent with

predictions of the ECON model regarding arousal [59]. As noted earlier, there is only one

study yielding a pain enhancing effect of angry faces [21]. Yet, in this study [21] both positive

(happy) and negative (fear, anger) faces were associated with increased pain, thus making the

findings difficult to interpret and compare. Indeed, from an evolutionary psychology approach

[64, 65], one might argue that pain suppression rather than expression is beneficial as a strang-

er’s anger may indicate a threat of being exploited [12, 13, 65].

A major aim of the present study was to investigate pain modulation by affective and social

cues not only using subjective report, but also psychophysiological correlates. As a measure

both of facial pain expression [54] and unpleasantness of stimuli [30], corrugator activity was

reduced when viewing partner and happy pictures, with partner faces eliciting the strongest

decrease. This is likely to reflect the partners’ faces being perceived as highly pleasant as well as

the reduced experienced pain intensity. Despite this similarity in corrugator activity between

happy and partner faces, there were also differences. Only partner faces elicited higher physio-

logical arousal as indicated by SCL. This corresponds well with the arousal ratings of happy

and partner faces in our study, as the latter were rated as more arousing. It is also consistent

with prior research [66–69] in which partner pictures and neutral unfamiliar control pictures

were compared to same sex friends, parents, or siblings, thereby controlling for familiarity. In

these studies, familiar as compared to unfamiliar faces generally led to higher autonomic

responses as measured for example by SCL. Interestingly, among familiar faces, it is not unspe-

cific arousal that differentiates between partners and other familiar persons (i.e., parent, sib-

ling, friend). Specifically, the higher subjective arousal co-occurs with a specific pattern of

physiological changes (HR, skin conductance, activity of the zygomaticus muscle), thus sup-

porting romantic love being an unique intense positive emotion which overlaps, but can be

distinguished from other positive emotions [67, 69]. Correspondingly, romantic love is associ-

ated with a certain brain activation pattern which is distinct from other positive emotional

states [66]. This unique pattern of intense positive emotion and the concomitant activation of

approach motivation elicited by partner pictures is reflected by differences in SCL and corru-

gator EMG between partner and happy pictures, and can account for the stronger effect of

partners rather than happy strangers on pain modulation.

Results regarding HR were more complex. We did not observe a modulating influence of

the pictures on pain-related changes in HR when focusing on the average HR during PVT1

and PVT2. Yet, when the difference in HR between the first and last 5 s during PVTs was con-

sidered, partner faces were associated with greater HR deceleration. Sustained HR deceleration

reflecting pain-relief has been observed in previous studies [19, 37], thus masking a possible

HR acceleration which has been demonstrated in response to the presentation of faces of loved

ones without concomitant pain stimulation [32]. Due to the presentation of three pictures in a

row during each PVT, it was not possible to disentangle overlapping time courses of HR

changes in response to the emotional cues as has been demonstrated in pure picture viewing

paradigms [58]. Clearly, our findings can only be interpreted as preliminary and require repli-

cation focusing on the course of HR changes in response to each picture with a sufficiently

long inter-stimulus-interval.

We were also interested in elucidating relationship and psychological factors that might

contribute to partner-PM. Neither relationship duration, relationship satisfaction nor per-

ceived partner support were significantly related with partner-PM. This could be due to the

restricted variance in quality and duration of partnership and/or restrictions in the chosen
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questionnaires measuring support and satisfaction. While relationship satisfaction was rela-

tively high in our sample, it was comparable to the level reported for different non-clinical

samples of married and dating couples [40, 70, 71]. Similarly, stress-related partner support

was comparable to the norms as provided for individuals of the same age [46]. Possibly, part-

ner’s support behavior as assessed by questionnaire may be a better predictor when there is an

actual opportunity for partners to interact with participants. Further, the experience of being

supported may become more important when pain has become chronic [72].

Interestingly, pain-related catastrophizing, particularly helplessness, and arousal were asso-

ciated with partner-PM. In our sample, the average level of pain catastrophizing was not in the

clinical range (i.e., below the cut-off of 30 [38]), but comparable to a clinical sample of low

back pain patients [39]. Participants who reported higher levels of helplessness and rated their

partners’ pictures as more arousing experienced greater pain relief when viewing their part-

ners’ pictures. Partial correlation analyses suggest a mediating effect of arousal for the relation

between pain-related helplessness and partner-PM. This finding is intriguing as it corresponds

well with assumptions of the communal model of pain catastrophizing [73]. According to this

model, pain catastrophizing is a coping response by which a person’s expression of pain elicits

support and empathic responses from other. This could account for the greater pain relief

when viewing partners’ picture in participants with high levels pain-related catastrophizing.

The mediating effect of arousal is compatible with the notion that arousal indexes the degree

of activation of a motivational system [58], i.e., the pain diminishing effect of a partner when a

person engages in pain catastrophizing is stronger when the activation of approach motivation

is high.

The main limitation of our study is the reduced generalizability as our sample consisted of a

comparatively small sample of young, healthy women in a close long-term relationship. Several

reasons led us to focus on a female sample with the aim of controlling for various potential

confounding factors. Gender effects have been documented when using facial expression as

stimuli, for observers of facial expressions, and for experimenters [74]. Moreover, male facial

expressions of anger modulate the startle response more strongly than female facial expres-

sions, possibly interacting with the gender of the participant [75]. Also, there is evidence that

women are better at judging emotions from facial expressions [76]. In experimental settings,

male participants report less pain and tolerate more pain in the presence of female experiment-

ers, thus pointing to complex interactions between the gender of the participant, the gender of

social cues and the experimenter [77, 78]. To avoid these confounding effects, and to ensure

better comparability with previous studies also relying on female participants [15, 16], the sam-

ple included only female participants. The sample was representative regarding relationship

quality. Specifically, relationship satisfaction was comparable to different non-clinical samples

of married and dating couples [40, 70, 71]. Similarly, self-reported stress-related partner sup-

port was well within the normal range of support levels to be expected in this age group [44].

Even though the sample size might be considered somewhat limited, it is comparable or even

larger than in previous experimental studies investigating the influence of social cues on pain

[15–17]. The within-subject and randomized design is a strength of the study as well as the z-

score standardization to adjust for interindividual differences in psychophysiological

responding.

Another limitation is that we did not use a full factorial design including different emo-

tional expressions of partners. Aside from concerns about imposing greater burden on the par-

ticipants by having to considerably increase the number of trials and the duration of the

experiment, partners were expected not to be used to reliably and repeatedly showing distinct

facial expressions of anger and happiness, thus seriously threatening the validity of such pic-

tures. One might also argue that pictures have limited ecological validity, for example in
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comparison to video sequences or the partner being present in the laboratory. Yet, the picture

viewing paradigm we used ensures standardization and systematic variation of affect and

social content.

Despite these limitations, our findings extend what is known about social and affective fac-

tors modulating pain. We show that partners’ pain-relieving effect does not depend on a posi-

tive facial expression of emotion such as happiness. Indeed, neutral partner pictures alleviated

pain even more than pictures of happy faces of strangers at the level of pain-related facial activ-

ity. Clinically, our results imply that just looking at pictures of one’s partner when undergoing

acute painful procedures may have a hypoalgesic effect which can be expected not to be limited

to subjective report, but to be paralleled by changes in autonomic arousal and pain-related

facial activity. Interestingly, in one study, when tested in a group setting, chronic pain patients’

acute pain report was reduced when viewing pictures of loved ones which they themselves had

chosen among their personal photos, thus possibly inducing a particularly positive emotional

response [79]. Being able to rely on a neutral picture of a significant other may be especially

useful in situations when the patient is in pain or undergoing a painful procedure and signifi-

cant others such as the partner or parents are overly concerned [80] or little supportive [81]. In

such cases, viewing partner or parent pictures might in fact be more helpful than the actual

interaction.
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47. Lundqvist D, Flykt A, Öhman A. The Karolinska Directed Emotional Faces—KDEF. Stockholm:

Department of Clinical Neurosciences, Karolinska Institutet; 1998.

48. Goeleven E, Raedt R de, Leyman L, Verschuere B. The Karolinska Directed Emotional Faces: a valida-

tion study. Cognition & Emotion 2008; 22(6):1094–118.

PLOS ONE Pain modulation by your partner

PLOS ONE | https://doi.org/10.1371/journal.pone.0254069 July 22, 2021 21 / 23

https://doi.org/10.1155/2014/536859
http://www.ncbi.nlm.nih.gov/pubmed/24533429
https://doi.org/10.1016/j.pain.2010.11.032
https://doi.org/10.1016/j.pain.2010.11.032
http://www.ncbi.nlm.nih.gov/pubmed/21215519
https://doi.org/10.1016/j.neuroimage.2020.117569
https://doi.org/10.1016/j.neuroimage.2020.117569
http://www.ncbi.nlm.nih.gov/pubmed/33221446
https://doi.org/10.1016/s0006-3223%2898%2900275-3
https://doi.org/10.1016/s0006-3223%2898%2900275-3
http://www.ncbi.nlm.nih.gov/pubmed/9861468
https://doi.org/10.1111/j.1469-8986.2009.00804.x
http://www.ncbi.nlm.nih.gov/pubmed/19386053
https://doi.org/10.1111/1469-8986.00078
https://doi.org/10.1111/1469-8986.00078
http://www.ncbi.nlm.nih.gov/pubmed/14696731
https://doi.org/10.1111/j.1469-8986.1996.tb02362.x
http://www.ncbi.nlm.nih.gov/pubmed/8961788
https://doi.org/10.1111/j.1469-8986.1993.tb03352.x
https://doi.org/10.1111/j.1469-8986.1993.tb03352.x
http://www.ncbi.nlm.nih.gov/pubmed/8497555
https://doi.org/10.1016/j.biopsycho.2003.07.004
https://doi.org/10.1016/j.biopsycho.2003.07.004
http://www.ncbi.nlm.nih.gov/pubmed/15019171
https://doi.org/10.1016/j.ijpsycho.2006.09.001
https://doi.org/10.1016/j.ijpsycho.2006.09.001
http://www.ncbi.nlm.nih.gov/pubmed/17049399
https://doi.org/10.1016/j.jpsychores.2007.12.004
https://doi.org/10.1016/j.jpsychores.2007.12.004
http://www.ncbi.nlm.nih.gov/pubmed/18440399
https://doi.org/10.1016/0304-3959%2885%2990004-1
http://www.ncbi.nlm.nih.gov/pubmed/4088697
https://doi.org/10.1007/BF02527839
http://www.ncbi.nlm.nih.gov/pubmed/18415223
https://doi.org/10.1371/journal.pone.0254069


49. Bradley MM, Lang PJ. Measuring emotion: the self-assessment manikin and the semantic differential.

Journal of Behavior Therapy and Experimental Psychiatry 1994; 25(1):49–59. https://doi.org/10.1016/

0005-7916(94)90063-9 PMID: 7962581

50. Fridlund AJ, Cacioppo JT. Guidelines for human electromyographic research. Psychophysiology 1986;

23(5):567–89. https://doi.org/10.1111/j.1469-8986.1986.tb00676.x PMID: 3809364

51. Pipberger HV, Arzbaecher RC, Berson AS, Briller SA, Brody DA, Flowers NCet al. Recommendations

for standardization of leads and of specifications for instrments in electrocardiography and vectorcardio-

graphy. Circulation 1975; 52:11–31.

52. Howell GT, Lacroix GL. Decomposing interactions using GLM in combination with the COMPARE,

LMATRIX and MMATRIX subcommands in SPSS. Tutorials in Quantitative Methods for Psychology

2012; 8(1):1–22.

53. Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-

tests and ANOVAs. Front Psychol 2013; 4:863. https://doi.org/10.3389/fpsyg.2013.00863 PMID:

24324449

54. Kunz M, Meixner D, Lautenbacher S. Facial muscle movements encoding pain-a systematic review.

Pain 2019; 160(3):535–49. https://doi.org/10.1097/j.pain.0000000000001424 PMID: 30335682

55. Jenkins R, White D, van Montfort X, Mike Burton A. Variability in photos of the same face. Cognition

2011; 121(3):313–23. https://doi.org/10.1016/j.cognition.2011.08.001 PMID: 21890124

56. Mileva M, Kramer RSS, Burton AM. Social evaluation of faces across gender and familiarity. Perception

2019; 48(6):471–86. https://doi.org/10.1177/0301006619848996 PMID: 31084254

57. Ferguson MJ, Bargh JA. How social perception can automatically influence behavior. Trends Cogn Sci

2004; 8(1):33–9. https://doi.org/10.1016/j.tics.2003.11.004 PMID: 14697401

58. Bradley MM, Lang PJ. Motivation and emotion. In: Cacioppo JT, Tassinary LG, Berntson G, editors.

Handbook of Psychophysiology. 2nd. New York: Cambridge University Press; 2006. p. 581–607.

59. Rhudy JL, Williams AE, McCabe KM, Russell JL, Maynard LJ. Emotional control of nociceptive reac-

tions (ECON): do affective valence and arousal play a role? Pain 2008; 136(3):250–61. https://doi.org/

10.1016/j.pain.2007.06.031 PMID: 17703886

60. Britton JC, Taylor SF, Sudheimer KD, Liberzon I. Facial expressions and complex IAPS pictures: com-

mon and differential networks. Neuroimage 2006; 31(2):906–19. https://doi.org/10.1016/j.neuroimage.

2005.12.050 PMID: 16488159

61. Hareli S, Hess U. The social signal value of emotions. Cognition & Emotion 2012; 26(3):385–9. https://

doi.org/10.1080/02699931.2012.665029 PMID: 22471847

62. Montoya P, Larbig W, Braun C, Preissl H, Birbaumer N. Influence of social support and emotional con-

text on pain processing and magnetic brain responses in fibromyalgia. Arthritis Rheum 2004; 50

(12):4035–44. https://doi.org/10.1002/art.20660 PMID: 15593181

63. Vlaeyen JWS, Hanssen M, Goubert L, Vervoort T, Peters M, van Breukelen Get al. Threat of pain influ-

ences social context effects on verbal pain report and facial expression. Behav Res Ther 2009; 47

(9):774–82. https://doi.org/10.1016/j.brat.2009.05.008 PMID: 19570524

64. Cosmides L, Tooby J. Evolutionary psychology and the emotions. In: Lewis M, Haviland-Jones JM, edi-

tors. Handbook of emotions. 2nd ed. Guilford Press; 2000. p. 91–115.

65. Williams ACdC. Facial expression of pain: an evolutionary account. Behav Brain Sci 2002; 25(4):439–

488. https://doi.org/10.1017/s0140525x02000080 PMID: 12879700

66. Bartels A, Zeki S. The neural basis of romantic love. Neuroreport 2000; 11(17):3829–34. https://doi.

org/10.1097/00001756-200011270-00046 PMID: 11117499

67. Guerra P, Campagnoli RR, Vico C, Volchan E, Anllo-Vento L, Vila J. Filial versus romantic love: contri-

butions from peripheral and central electrophysiology. Biol Psychol 2011; 88(2–3):196–203. https://doi.

org/10.1016/j.biopsycho.2011.08.002 PMID: 21855602

68. Guerra P, Sánchez-Adam A, Anllo-Vento L, Ramı́rez I, Vila J. Viewing loved faces inhibits defense reac-

tions: a health-promotion mechanism? PLoS One 2012; 7(7):e41631. https://doi.org/10.1371/journal.

pone.0041631 PMID: 22911829

69. Guerra P, Vico C, Campagnoli R, Sánchez A, Anllo-Vento L, Vila J. Affective processing of loved famil-

iar faces: integrating central and peripheral electrophysiological measures. Int J Psychophysiol 2012;

85(1):79–87. https://doi.org/10.1016/j.ijpsycho.2011.06.004 PMID: 21689694

70. Dinkel A, Balck F. An evaluation of the German Relationship Assessment Scale. Swiss Journal of Psy-

chology 2005; 64(4):259–63.

71. Kuster M, Bernecker K, Backes S, Brandstätter V, Nussbeck FW, Bradbury TNet al. Avoidance orienta-

tion and the escalation of negative communication in intimate relationships. J Pers Soc Psychol 2015;

109(2):262–75. https://doi.org/10.1037/pspi0000025 PMID: 26098586

PLOS ONE Pain modulation by your partner

PLOS ONE | https://doi.org/10.1371/journal.pone.0254069 July 22, 2021 22 / 23

https://doi.org/10.1016/0005-7916%2894%2990063-9
https://doi.org/10.1016/0005-7916%2894%2990063-9
http://www.ncbi.nlm.nih.gov/pubmed/7962581
https://doi.org/10.1111/j.1469-8986.1986.tb00676.x
http://www.ncbi.nlm.nih.gov/pubmed/3809364
https://doi.org/10.3389/fpsyg.2013.00863
http://www.ncbi.nlm.nih.gov/pubmed/24324449
https://doi.org/10.1097/j.pain.0000000000001424
http://www.ncbi.nlm.nih.gov/pubmed/30335682
https://doi.org/10.1016/j.cognition.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/21890124
https://doi.org/10.1177/0301006619848996
http://www.ncbi.nlm.nih.gov/pubmed/31084254
https://doi.org/10.1016/j.tics.2003.11.004
http://www.ncbi.nlm.nih.gov/pubmed/14697401
https://doi.org/10.1016/j.pain.2007.06.031
https://doi.org/10.1016/j.pain.2007.06.031
http://www.ncbi.nlm.nih.gov/pubmed/17703886
https://doi.org/10.1016/j.neuroimage.2005.12.050
https://doi.org/10.1016/j.neuroimage.2005.12.050
http://www.ncbi.nlm.nih.gov/pubmed/16488159
https://doi.org/10.1080/02699931.2012.665029
https://doi.org/10.1080/02699931.2012.665029
http://www.ncbi.nlm.nih.gov/pubmed/22471847
https://doi.org/10.1002/art.20660
http://www.ncbi.nlm.nih.gov/pubmed/15593181
https://doi.org/10.1016/j.brat.2009.05.008
http://www.ncbi.nlm.nih.gov/pubmed/19570524
https://doi.org/10.1017/s0140525x02000080
http://www.ncbi.nlm.nih.gov/pubmed/12879700
https://doi.org/10.1097/00001756-200011270-00046
https://doi.org/10.1097/00001756-200011270-00046
http://www.ncbi.nlm.nih.gov/pubmed/11117499
https://doi.org/10.1016/j.biopsycho.2011.08.002
https://doi.org/10.1016/j.biopsycho.2011.08.002
http://www.ncbi.nlm.nih.gov/pubmed/21855602
https://doi.org/10.1371/journal.pone.0041631
https://doi.org/10.1371/journal.pone.0041631
http://www.ncbi.nlm.nih.gov/pubmed/22911829
https://doi.org/10.1016/j.ijpsycho.2011.06.004
http://www.ncbi.nlm.nih.gov/pubmed/21689694
https://doi.org/10.1037/pspi0000025
http://www.ncbi.nlm.nih.gov/pubmed/26098586
https://doi.org/10.1371/journal.pone.0254069


72. Samwel HJA, Evers AWM, Crul BJP, Kraaimaat FW. The role of helplessness, fear of pain, and passive

pain-coping in chronic pain patients. Clin J Pain 2006; 22(3):245–51. https://doi.org/10.1097/01.ajp.

0000173019.72365.f5 PMID: 16514324

73. Sullivan MJL, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LAet al. Theoretical perspec-

tives on the relation between catastrophizing and pain. Clin J Pain 2001; 17(1):52–64. https://doi.org/

10.1097/00002508-200103000-00008 PMID: 11289089

74. Keogh E. Gender differences in the nonverbal communication of pain: a new direction for sex, gender,

and pain research? Pain 2014; 155(10):1927–31. https://doi.org/10.1016/j.pain.2014.06.024 PMID:

24997352

75. Paulus A, Musial E, Renn K. Gender of the expresser moderates the effect of emotional faces on the

startle reflex. Cognition & Emotion 2014; 28(8):1493–501. https://doi.org/10.1080/02699931.2014.

886557 PMID: 24521396

76. McClure EB. A meta-analytic review of sex differences in facial expression processing and their devel-

opment in infants, children, and adolescents. Psychol Bull 2000; 126(3):424–53. https://doi.org/10.

1037/0033-2909.126.3.424 PMID: 10825784

77. Aslaksen PM, Myrbakk IN, Høifødt RS, Flaten MA. The effect of experimenter gender on autonomic

and subjective responses to pain stimuli. Pain 2007; 129(3):260–8. https://doi.org/10.1016/j.pain.2006.

10.011 PMID: 17134832
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