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Abstract

Introduction: Observing facial expressions of pain has been shown to lead to
increased subjective, neural and autonomic pain responses. Surprisingly, these
vicarious facilitation effects on its corresponding response channel, namely fa-
cial responses to pain have mostly been neglected. We aim to examine whether
the prior exposure to facial expressions of pain leads to a facilitation of facial
responses to experimental pain; and whether this facilitation is linked to the va-
lence (pain vs. neutral expression) or also linked to specific motor-features of the
facial pain expressions (different facial muscle movements).

Method: Subjective (intensity and unpleasantness ratings) and facial responses

augsburg.de (Facial Action Coding System) of 64 participants (34 female) to painful and
non-painful heat stimuli were assessed. Before each heat stimulus, video clips
of computer-generated facial expressions (three different pain expressions and a
neutral expression) were presented.

Results: The prior exposure to facial expressions of pain led to increased subjec-
tive and facial responses to pain. Further, vicarious pain facilitation of facial re-
sponses was significantly correlated with facilitation of unpleasantness ratings. We
also found evidence that this vicarious facilitation of facial responses was not only
linked to the presentation of pain versus neutral expressions but also to specific
motor-features of the pain cue (increase in congruent facial muscle movements).
Discussion: Vicarious pain facilitation was found for subjective and facial re-
sponses to pain. The results are discussed with reference to the motivational
priming hypothesis as well as with reference to motor priming.

Significance: Our study uncovers evidence that facial pain responses are not only
influenced by motivational priming (similar to other types of pain responses), but
also by motor-priming. These findings shed light on the complexity - ranging from

social, affective and motor mechanisms - underling vicarious facilitation of pain.

1 | INTRODUCTION person in pain (e.g. videos of facial expressions of pain)

results in increased subsequent pain responses in the
Facial communication of pain plays an important role observers. This vicarious facilitation could be shown
in social communication and in clinical context (Kunz  for a variety of pain responses, including subjective, au-

et al.,, 2019). It has been shown that observing another tonomic (Williams & Rhudy, 2009), motor (Mailhot
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et al.,, 2012; Vachon-Presseau et al., 2011) and neu-
ral responses (Khatibi et al., 2014; Khatibi et al., 2023;
Weiss et al., 2003; Xiang et al., 2018) to experimental pain.
It has been suggested that the vicarious facilitation of pain
responses might partly be explained with the motivational
priming theory, which postulates that the display of a
negative prime (e.g. observing facial expressions of pain)
activates the aversive system, which leads to elevated pro-
cessing of congruent stimuli (e.g. increased responses to
pain) (Lang, 1995). Although facial expressions of pain
have often been used as affective visual stimuli (primes)
(Botvinick et al., 2005; Chiesa et al., 2015; Yamada &
Decety, 2009), it is surprising that the corresponding re-
sponse channel, namely facial responses to pain have mostly
been neglected (Reicherts et al., 2013). Although facial re-
sponses to pain are mainly automatic/reflexive responses
(Craig et al., 2010), they are also highly susceptible to social
(Kappesser, 2019; Karmann et al., 2014; Kunz et al., 2018)
and affective (Basten-Giinther et al., 2021; Lautenbacher
et al., 2017) influences. Thus, it seems reasonable that facial
responses are also susceptible to vicarious pain facilitation.

Investigating vicarious pain facilitation of facial re-
sponses to pain is especially interesting because it al-
lows us to not only investigate how facial responses are
affected by the valence of the preceding pain cue (facial
expression of pain) but also by its motor-features. Facial
expressions of pain do not represent a uniform set of fa-
cial responses, but there are at least three variations, being
composed of different motor-features (Kunz et al., 2021;
Kunz & Lautenbacher, 2014): (1) narrowed eyes with fur-
rowed brows and upper lip raise, (2) opened mouth with
narrowed eyes and (3) furrowed brows with narrowed
eyes. This variability in motor-features, allows us to inves-
tigate motor-associated priming. Motor priming refers to
the phenomena that observed motor-behaviour activates
an equivalent internal motor-representation (Iacoboni
et al., 1999), which facilitates the corresponding motor-
behaviour in the observer (Decety & Jackson, 2004). In
our study, we used computer-generated avatars displaying
the three variations of facial expressions of pain (Kunz &
Lautenbacher, 2014) to ensure highly controllable stimuli
that are not confounded by age, attractiveness and the in-
tensity of the expression. The stimuli were validated in pre-
vious studies showing that they are perceived as valid pain
faces by observers (Goller et al., 2022; Meister et al., 2021).

The aim of our study was to examine whether the
prior exposure to variations of facial expressions of pain
leads to increased pain ratings and most importantly to a
facilitation of facial responses to experimental pain; and
whether this facilitation is mainly linked to the valence
of the priming stimulus (pain vs. neutral expression) or
also modulated by its motor-features (facilitation of corre-
sponding facial muscle responses).

2 | METHOD

2.1 | Participants

Overall, 64 participants (34 female; mean age: 22.7 years)
were recruited via e-mail at the University of Augsburg.
The sample included mostly students who received course
credit for participating. All participants provided writ-
ten informed consent. The study protocol was approved
by the ethics committee of the University of Bamberg
(#2020-11/34).

2.2 | Procedure

The experiment took around 60 min. First, the thermal pain
threshold was determined. Then participants were seated
alone in front of a screen and observed videos of avatars
displaying facial expressions of pain or a neutral expression
prior to receiving painful and non-painful thermal stimuli.
The facial expression of the participants in response to these
thermal stimuli was recorded via video for offline data anal-
yses. Participants were asked to rate the pain intensity and
unpleasantness of each thermal stimulus.

2.3 | Pain stimulation

At the beginning of the experiment, we introduced the
participants to the TSA II [Peltier-based contact heat
stimulation device (TSA-2001, (Medoc) with a 30 X 30 mm
contact thermode] and the thermode was attached to the
outside of the left lower leg with an elastic bandage.

To ensure that temperature intensities were perceived
as moderately painful by the participants (to prevent floor
as well as ceiling effects), temperature intensities were
tailored to the individual pain threshold. Thus, heat pain
thresholds were determined first, using the method of ad-
justment. Participants were asked to adjust the tempera-
ture of the thermode starting from 38°C using heating
and cooling buttons (the right button on the mouse was
the designated cooling button and the left button was the
heating button), until they obtained a level that was per-
ceived as barely painful. A constant press of the buttons
produced a heating or cooling rate of 0.5°C/s. Following a
familiarization trial, the average of four consecutive trials
was used to constitute the pain threshold.

Following the assessment of pain threshold, phasic
heat stimuli (trapezoid form, 5s [plateau]; ramp-up and
down: 4°C/s; baseline temperature: 38°C) were applied to
the left lower leg. Two different stimulus intensities were
applied, painful (+3°C above the pain threshold) and non-
painful (—1°C below the pain threshold) intensities.
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There were 48 quasi-randomized heat stimuli (32
painful, 16 non-painful) split up in 3 blocks (18/18/12 tri-
als). Before each block, the position of the thermode was
changed to a new patch of skin on the lower leg to prevent
sensitization.

2.4 | Facial expression stimuli

The faces of the avatars were modelled with the software
FaceGen Modeller Core 3.5 (Version of 2019). The used
avatars had different hairstyles and different skin colours,
to make them as realistic as possible. The videos of differ-
ent dynamic facial expressions were created with the soft-
ware FACSGen3 (Version of 2019), for which Krumhuber
et al. (2012) and Roesch et al. (2011) have demonstrated
that it produces emotionally valid and reliable facial ex-
pressions. Here, we used three different variations of facial
expressions of pain and a neutral expression, which have
been shown to validly convey pain and neutral expres-
sions, respectively (Goller et al., 2022; Meister et al., 2021).
The three different variations in facial expressions of pain
were: (1) narrowed eyes in combination with furrowed
brows and upper lip raise, (2) opened mouth in combina-
tion with narrowed eyes and (3) furrowed brows in combi-
nation with narrowed eyes (Kunz & Lautenbacher, 2014).
One male and one female avatar were animated, with
identical facial activity patterns.

Each video had a duration of 5000ms (resting state
1500 ms, unfolding of the expression for 1000 ms, full ex-
pression for 500ms, decline again for another 1000 ms,
and another resting state for 1000 ms). Each trial started
with the appearance of a fixation cross (white cross on
a black background) for 10s. The videos started 1500 ms
before the heat stimulation and overlapped with the
ramp-up of the heat stimulation (see Figure 1). The
videos were presented using the software Presentation
(Neurobehavioral Systems, Version 21.1; Build 09.05.19).
Altogether, 48 videos, 36 depicting facial expressions of
pain (18 xmale, 18 x female) and 12 showing neutral fa-
cial expressions (6xmale, 6xfemale), were presented

Avatars' facial
expression

A

in quasi-randomized order, balanced across non-painful
(N=16 (pain: 63/69; neutral: 23/29)) and painful heat
stimuli (N=32 (pain: 123/12Q; neutral: 43/49)).

2.5 | Pain ratings

After each heat stimulus, participants were asked to rate
the intensity and unpleasantness of pain via visual ana-
logue scales (VAS). The pain intensity scale reached from
“no pain” to “extremely strong pain” and the pain un-
pleasantness scale reached from “no pain” to “extremely
strong unpleasantness.” The two scales, each divided in
100 steps, appeared together on the computer screen and
participants moved a slider to indicate their ratings. To
familiarize subjects with the rating procedure, one prac-
tice trial was conducted. For statistical analyses, VAS rat-
ings were averaged across non-painful stimuli and painful
stimuli, respectively.

2.6 | Facial responses to pain

Participants’ faces were videotaped throughout the whole
experiment using a camera located approximately 2m in
front of the participant to allow for a frontal view. To en-
able the offline segmentation a sound trigger (not audible
to the participant) marked the start and end of each heat
stimulus. To ensure that the face would always be upright
and in a frontal view during stimulation, participants were
asked to avoid movements and to look at the computer
screen. Participants were also instructed to avoid talking
during the experiment.

Facial expressions were coded from the video re-
cordings using the Facial Action Coding System (FACS)
(Ekman & Friesen, 1978), which is based on an anatom-
ical analysis of facial movements and distinguishes 44
different “Action Units” (AUs) produced by single mus-
cles or combinations of muscles. A certified FACS coder
(qualified by passing an examination given by the devel-
opers of the system) who was blind to the experimental

Full-blown facial
expression

Video recording
serves as the basis

Video-
Recordin

FIGURE 1 Exemplary representation
of a trial. In total, 32 trials with painful
heat+1x 16 trials with non-painful heat
were presented. FACS, Facial Action
Coding System.
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conditions identified the frequency and the intensity
(five-point scale) of the different AUs. Software designed
for the analysis of observational data (Observer Video-Pro;
Noldus Information Technology, Netherlands) was used
to segment the videos and to enter the FACS codes into a
time-related database.

Segments of 7s beginning just after the stimulus had
reached the target temperature were selected for scoring.
In total, 48 segments of heat stimulation (16 non-painful
and 32 painful segments) were analysed for each partic-
ipant. For the purpose of necessary data reduction, AUs
that represent similar facial movements were combined,
as has been performed in previous studies without any
loss of information (Kunz et al., 2008; Kunz, Faltermeier,
& Lautenbacher, 2012). Those combinations include AUs
6_7,9_10 and 25_26_27. In order to determine interrater
reliability, five percent of the video segments, including
facial responses to both painful and non-painful stimuli
were coded by a second certified observer also blinded
to the experimental conditions. Interrater reliability was
calculated using the Ekman-Friesen formula (Ekman &
Friesen, 1978). Interrater reliability was r=0.79, which
compares favourably with other research in the FACS
literature (Karmann et al., 2015; Priebe et al., 2015). For
further analyses, we focused on those AUs that have been
described to be pain relevant in a previous review article
(Kunz et al., 2019), namely AU4, AU6_7, AU9_10 and
AU25_26_27. AU-frequency (sum score across stimuli)
and AU-intensity (mean score across stimuli) values of
these pain relevant AUs were multiplicated to form prod-
uct terms.

2.7 | Statistical analysis
Self-report ratings: (1.i) To investigate whether the pain
cues in general compared to neutral expression (dichoto-
mous content of the pain cue) affected self-report ratings,
mean pain intensity and unpleasantness ratings were ana-
lysed using multivariate repeated measure MANOVAs
including the within-subject factors “dichotomous ex-
pression” (neutral, pain expression) and “intensity of
stimulus” (non-painful vs. painful heat intensities). (1.ii)
To further investigate, whether the three variations of
pain cues (three facial pain expressions) had a different
effect on intensity and unpleasantness ratings of pain, a
repeated measure MANOVA was computed again, this
time differentiating between the “variations of avatars' fa-
cial expression of pain” (4 levels: neutral, pain variation
1, pain variation 2, pain variation 3) as a within-subject
factor.

Facial responses: (2.i) To investigate whether the
pain cues in general compared to neutral expression

(dichotomous content of the pain cue) affected facial
responses, all pain relevant AUs were entered into mul-
tivariate repeated measures MANOVAs including the
within-subject factors “dichotomous expression” (neu-
tral, pain expression) and “intensity of stimulus” (non-
painful vs. painful heat intensities). (2.ii) To further
investigate, whether the three variations of pain cues
(three facial pain expressions) had a different effect on
facial responses to pain, a repeated measure MANOVA
was computed again, this time differentiating between
the “variations of avatars' facial expression of pain” (4
levels: neutral, pain variation 1, pain variation 2, pain
variation 3) as a within subject factor. As outcome vari-
able we only included those pain relevant AUs that
showed a significant difference in 2.i (dichotomous com-
parison neutral vs. pain).

Vicarious modification of subjective and of facial re-
sponses: are both correlated? As a last step, we wanted
to investigate the relation between the amount of
change caused by the dichotomous content of avatars'
expression (neutral vs. pain expression) in pain ratings
and in facial responses. To do this, difference scores
(trials of avatars' neutral vs. pain expression) were cal-
culated for pain intensity and pain unpleasantness rat-
ings as well as for those pain relevant AUs that showed
a significant difference in “2.i.” These difference scores
were then entered into regression analyses (AUs were
entered as predictors, and self-report were entered as
criteria).

Post-hoc tests for single comparisons were Bonferroni-
adjusted. Significance was assumed at an alpha level <0.05.
Data were analysed using SPSS (version 28.0).

3 | RESULTS

3.1 | Self- report ratings

Dichotomous expression (pain vs. neutral) (1i): The
MANOVA showed a significant main effect of the “inten-
sity of stimulus” (non-painful vs. painful heat intensities)
(F(2, 62)=467.56, p<0.001) and a significant main effect
for the factor “dichotomous expression” (pain vs. neutral)
(F(2, 62)=22.28, p<0.001). There was also a significant
interaction of “intensity of stimulus” and “dichotomous
expression” (F(2, 62)=58.01, p<0.001). Because of the
significant interaction effect, we conducted separate
MANOVAS for painful and non-painful heat stimuli. For
non-painful heat, the MANOVA showed a main effect
for the factor “dichotomous expression” (pain vs. neu-
tral) (F(2, 62)=38.29, p<0.001). As univariate outcomes
showed, both intensity (F(1, 63)=66.06, p<0.001) as well
as unpleasantness ratings (F(1, 63)=6.86, p=0.011) for
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the non-painful stimuli significantly decreased when
participants viewed an avatars' facial expression of pain
compared to a neutral expression (see Figure 2). For pain-
ful heat, the MANOVA also showed a main effect for
the factor “dichotomous expression” (pain vs. neutral)
(F(2, 62)=42.06, p<0.001). As can be seen in Figure 2,
viewing an avatars' facial expression of pain resulted in
higher pain intensity (F(1, 63)=34.14, p<0.001) as well as
unpleasantness ratings (F(1, 63)=84.18, p<0.001) com-
pared to viewing a neutral expression. Hence, viewing an
avatars' facial expression of pain led to reduced pain ratings
for non-painful heat and to higher pain ratings for painful
heat (thus, the significant interaction effect between “in-
tensity of stimulus” and “dichotomous expression”).

Variations of avatars’ facial expression of pain: The
MANOVA investigating whether the three variations
in the avatars' facial expressions of pain had a differ-
ent effect on how participants rated the painful stim-
uli showed a significant main effect (F(6, 378)=16.10,
p<0.001). As univariate outcomes showed, both inten-
sity (F(3, 189)=12.10, p<0.001) and unpleasantness
(F(3,189)=41.07, p<0.001) were significantly affected by
the within-subject factor “variations of avatars' facial ex-
pression of pain.” Bonferroni corrected post-hoc tests were
computed for simple comparisons and the results are dis-
played in Figure 3. As can be seen in Figure 3, especially
avatar's pain expression variation 1 and 3 led to signifi-
cantly increase in pain intensity ratings compared to view-
ing a neutral expression. With regard to unpleasantness
ratings, all three variations of avatars' facial expression of
pain led to higher ratings compared to viewing a neutral
expression.

100 ~

3.2 | Facial responses

Dichotomous expression (pain vs. neutral) (2i): The
MANOVA showed a significant main effect of the “intensity
of stimulus” (non-painful vs. painful heat intensities) (F(1,
63)=55.55, p<0.001) and a significant main effect for the
factor “dichotomous expression” (pain vs. neutral) (F(1,
63)=4.76, p=0.033). There was also a significant interac-
tion of “intensity of stimulus” and “dichotomous expres-
sion” (F(1, 63)=12.06, p<0.001). Because of the significant
interaction effect, we conducted separate MANOVAs for
painful and non-painful heat stimuli. For non-painful heat,
the MANOVA showed no significant main effect for the
factor “dichotomous expression” (pain vs. neutral) on facial
responses to non-painful heat (F(4, 60)=1.04, p=0.392).
In contrast, facial responses to painful heat were signifi-
cantly affected by the factor “dichotomous expression”
(pain vs. neutral) (F(4, 60)=2.56, p=0.048). As can be seen
in Figure 4, prior exposure to facial expressions of pain re-
sulted in significantly higher facial responses; including in-
creased contraction of the eyebrows (AU4: F(1, 63)=38.53,
p=0.005), increased contraction of the muscles surround-
ing the eyes (AU6_7: F(1, 63)=8.38, p=0.005) as well as in-
creased upper lip raise (AU9_10: F(1, 63)=5.62, p=0.021),
compared to viewing a neutral expression. Only the open-
ing of the mouth in response to painful heat was not af-
fected by the “dichotomous expression” (AU25_26_27: F(1,
63)=0.541, p=0.465). Hence, viewing an avatars' facial
expression of pain did not change facial responses to non-
painful heat but led to higher facial responses to painful
heat (thus, the significant interaction effect between “inten-
sity of stimulus” and “dichotomous expression”).
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painful heat stimulation. Ratings are presented separately for trials with prior exposure to the variations of avatars’ facial expression of pain
(neutral expression, variation 1, 2, 3 of pain expressions). *p <0.05; **p <0.001; SD, standard deviation.

[ avatars' expression - neutral
Il avatars' expression - pain

10 4 25 -
*

g E
& 81 8 20
B B
8 5
o 81 & 15
2 3 .
g g
2 44 810- *
o o
© I
[} Q
g 2 g s

AU6_7 AU9_10 AU 25_26_27 AU 4 AU6_7 AU9_ 10  AU25_26 27
non-painful painful

FIGURE 4 Effect of “dichotomous expression” on facial responses (pain-relevant AUs mean, SD) to non-painful (left) and painful
(right) heat stimulation. Facial responses are presented separately for trials with prior exposure to a neutral or a painful expression
(dichotomous expression). *p <0.05; AUs, Action Units; SD, standard deviation.

Variations of avatars’ facial expression of pain (2ii): The relevant AUs (AU4, AU6_7, AU9_10, AU25_26_27). As

MANOVA investigating whether the three variations in ~ univariate outcomes showed, for the three AUs, namely

the avatars' facial expressions of pain had a different effect AU4 (F(3, 189)=6.96, p<0.001), AU6_7 (F(3, 189)=5.32,
on how participants facially responded to the painful heat ~ p=0.002) and AU9_10 (F(3, 189)=5.47, p=0.001) were
stimuli showed a significant main effect (F(12, 564)=2.75,  significantly affected by the within- subject factor “vari-
p=0.001). For this analysis, we included those pain ations of avatars’ facial expression of pain.” AU25_26_27

1PUOD) puv SWIR L, 4} 938 “[$20/10/01] U0 AreiqrT ouruQ AdfiA Bangs3ny [QIgseNsIdAIN £q 6917 dR/Z001"01/10p/w00 Ka[1mATeIqauI[u0// ANy wWoxy pApeoumod ‘I ‘bT0T ‘6r1ZTES T

5//:sdny)

119]/W09" K[ IM"

ol

ASULOI'T suOWo)) dANEaI)) d[qedtdde ayy Aq pauIaA0S aIe s3[ONIE V() oSN JO So[nI 10J A1eIqIT AuIfuQ Ad[IA\ UO (SUONIP



GOLLER ET AL.

139

was not significantly affected (F(3, 189)=1.55, p=0.202).
Bonferroni corrected post-hoc tests were computed for
simple comparisons and the results are displayed in
Figure 5. With regard to AU4, it was especially variation 3
(furrowed brows in combination with narrowed eyes) that
led to an increase in contraction of the eyebrows. With
regard to AU6_7, it was especially variation 1 (narrowed
eyes in combination with furrowed brows and upper lip

Variation 1 Variation 2
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AU7 (60)
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Facial Response (Product Term)
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raise) that led to an increase in contraction of the muscles
surrounding the eyes. With regard to AU9_10, it was es-
pecially variation 1 (narrowed eyes in combination with
furrowed brows and upper lip raise) and variation 3 (fur-
rowed brows in combination with narrowed eyes) that
led to an increase in the muscles for the upper lip raise.
In summary, variation 1 and variation 3 led to a partially
congruent increase in facial responses of the participants,

[ avatars' expression - neutral
[ avatars' expression - pain V1
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FIGURE 5 Effect of “variations of avatars' facial expression of pain” on facial responses (mean, SD) to painful heat stimulation. Facial

responses are presented separately for trials with prior exposure to the variations of avatars’ facial expression of pain (neutral expression,

variation 1, 2, 3 of pain expressions). *p <05; SD, standard deviation. The AUs of each of the three variations in pain expressions are
displayed on the upper right. Here, the AU with the highest intensity per variation is marked in yellow.
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whereas variation 2 of the avatars' facial expression did
not lead to noticeable changes in how participants facially
responded to the painful heat stimuli.

Vicarious modification of subjective and of facial re-
sponses: are both related? As a last step, the relation be-
tween the amount of change caused by the “Dichotomous
expression” (neutral vs. pain) in self-report ratings and in
facial responses (AU4, AU6_7, AU9_10) was investigated.
AU25_26_27 was excluded because it showed no signifi-
cant change between pain and neutral facial expression.
Regression analyses (AUs entered as predictors) were
conducted separately for pain intensity and unpleasant-
ness ratings. Changes in facial responses could not signifi-
cantly predict changes in pain intensity ratings (R*=0.008,
F(3, 63)=0.164, p=0.920). In contrast, we did find a sig-
nificant association between changes in facial responses
and changes in pain unpleasantness ratings (R*=0.15,
F(3, 63)=3.54, p=0.020). The more facial responses in-
creased after prior exposure to a pain expression the more
unpleasant were the painful-heat stimuli rated.

4 | DISCUSSION

The aim of our study was to examine whether the prior
exposure to variations of facial expressions of pain leads
to a facilitation of facial responses to experimental pain;
and whether this vicarious facilitation is only linked to the
valence of the “priming” stimulus (pain vs. neutral facial
expression) or also linked to its motor-features (facilita-
tion of congruent facial muscle responses). Our findings
showed that the prior exposure to an avatar's facial expres-
sion of pain increases facial responses to pain, which is
in line with motivational priming of pain. Moreover, we
found that the three variations of the avatars’ expression of
pain had different effects on participants’ facial responses
to pain, with some indication for motor priming. We will
discuss these findings in detail below.

4.1 | Facial responses

The prior exposure to avatars' facial expressions of pain had
no effect on facial responses to non-painful heat but led
to significantly increased facial responses to painful heat.
Participants responded with increased “contraction of the
eyebrows” (AU4), increased “contraction of the muscles
surrounding the eyes” (AU6_7) and increased “upper lip
raise/nose wrinkle” (AU9_10) to painful stimulation when
the stimulation was preceded by a pain expression. Only the
“opening of the mouth” (AU25_26_27) was not affected by
the avatars' expression. These results are well in line with
the motivational priming theory (Lang, 1995). The prior

exposure to facial expressions of pain might have induced
a negative affective state, which has in turn facilitated fa-
cial responsiveness to painful stimulation in the observer.
To our knowledge, there are only a few studies investigat-
ing priming effects on facial responses (Mailhot et al., 2012;
Reicherts et al., 2013). Mailhot and colleagues, for example,
investigated whether the prior exposure to facial expressions
of pain leads to increased corrugator activity (via electromy-
ography (EMG)) in response to electrical pain. In agreement
with our study, they also found that corrugator activity was
increased due to priming using pain expressions. Thus, one
of our main findings is that facial responses are also suscep-
tible to priming effects, as has been shown for other types
of pain responses like self-report ratings, evoked potentials
(Avenanti et al., 2010; Fan & Han, 2008; Han et al., 2009;
Kirwilliam & Derbyshire, 2008; Meagher et al., 2001; Wieser
et al., 2014; Yamada & Decety, 2009) as well as pain-reflexes
(Khatibi et al., 2014; Mailhot et al., 2012; Vachon-Presseau
et al., 2012). Given the variability of facial expressions of
pain, we did not only use one type of facial expression but
presented participants with three variations found in the lit-
erature (Kunz et al., 2019; Kunz & Lautenbacher, 2014). In a
previous study of ours, we could show that observers judged
these three variations to express a similar amount of pain
(Meister et al., 2021). Thus, the three variations mainly differ
with regard to their composition of facial movements (AUs)
but less so regarding the affective content (pain intensity).
Therefore, using these three variations allowed us to inves-
tigate whether priming effects on facial responses also de-
pend on the perception of specific facial motor-movements
(motor-associated priming (Castiello et al., 2002)) besides
the affective content of the stimuli (motivational priming).
Looking at the specific facial motor-movements displayed
by the avatars, there is always one AU per variation that is
displayed with the highest intensity (these are marked in
yellow in Figure 5). AU4 “contraction of the eyebrows” for
example is displayed with greatest intensity in variation 3.
Thus, if facial responses are also affected by motor priming,
we should find that especially the prior exposure to variation
3 should result in an increase of AU4 in response to pain.
In line with this assumption, we found that only the prior
exposure to variations 3 led to significantly increased “con-
traction of the eyebrows” compared to neutral expression,
whereas variation 1 and 2 did not lead to a significant in-
crease. As for “contraction of muscles surrounding the eyes”
(AU6_7), this AU was present in all variations, although
most pronounced in variation 1. Interestingly, only the prior
exposure to variation 1 led to a significant increase in AU6_7
in response to pain, whereas variation 2 and 3 did not differ
from prior exposure to neutral expression. As for “upper lip
raise/nose wrinkle” (AU9_10) we again found evidence for
motor priming. This AU was only present in variation 1 and
participants only showed a significant increase in AU9_10
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when being priorly exposed to variation 1 compared to neu-
tral expression. In contrast, variation 2 and 3 did not lead
to a significant increase in AU9_10 compared to neutral
expression. In case of variation 3, participants displayed
AU9_10 more strongly compared to prior exposure to vari-
ation 2, although AU9_10 is not present in any of the two
variations. As for “opening of the mouth” (AU25_26_27),
no indication for motor priming was found. In conclusion,
we found some evidence for motor priming when looking at
facial responses to pain, similarly to motor priming effects
found for other types of behaviour (Castiello et al., 2002;
Stoykov & Madhavan, 2015). However, more research is
needed in order to disentangle motivational priming from
motor priming with regard to facial responses to pain.

4.2 | Ratings

We found that prior exposure to facial expressions of pain
leads to increased intensity and unpleasantness ratings to
painful heat, compared to a prior exposure to a neutral ex-
pression. No vicarious facilitation was found for ratings to
non-painful heat. These findings are consistent with the cur-
rent literature on vicarious facilitation of self-report ratings,
showing that pain ratings are susceptible to motivational
priming effects (Fan & Han, 2008; Han et al., 2009; Ibafiez
etal., 2011; Reicherts et al., 2013; Wieser et al., 2014; Yamada
& Decety, 2009). We also investigated whether the vicarious
facilitation of pain ratings differ between the three types of
facial expression of pain (variation 1, 2, 3). Especially the
prior exposure to variation 1 and 3 led to increased inten-
sity and unpleasantness ratings to pain. A possible reason
for this could be that variation 1 and 3 include AUs being
closely linked to negative affective states; namely “con-
traction of the eyebrows” (AU4) and “upper lip raise/nose
wrinkle” (AU9_10), which are often displayed in the con-
text of disgust and anger (Kappesser & de C Williams, 2002;
Kunz et al., 2013; Kunz et al., 2019; Kunz et al., 2021; Simon
et al., 2008). Thus, variation 1 and 3 might have activated the
negative affective system to a greater degree than variation 2,
resulting in increased intensity and unpleasantness ratings.

4.3 | Relation between vicarious
facilitation of the two pain response systems

We found a significant association between changes (pain
vs. neutral expressions) in facial responses and changes
in pain unpleasantness ratings. Thus, the more facial re-
sponses increased due to viewing an avatars' facial expres-
sion of pain the more unpleasantness ratings increased.
We found no significant association between changes in
facial responses and changes in pain intensity ratings. This

suggests on the one hand, that the vicarious facilitation of
both response systems (subjective and facial) share some
variance. This is not surprising given that the motivational
priming theory (Lang, 1995) postulates that the pain prime
leads to a negative affective state, which facilitates sensitiv-
ity in general towards the following experimental pain stim-
ulus, thus, including all types of pain responses. Moreover,
weak associations between subjective and facial responses
have also been found in previous studies (Goller et al., 2022;
Kunz et al., 2004; Kunz et al., 2011; Kunz et al., 2020;
Reicherts et al., 2013). On the other hand, this shared vari-
ance seems to only apply to the unpleasantness dimension
of pain, suggesting a closer linkage between facial responses
and unpleasantness ratings. This contrasts with previous
findings showing that facial responses to pain are a multidi-
mensional response system, encoding both the sensory and
unpleasantness dimension of pain (Kunz, Lautenbacher,
et al., 2012). Thus, the closer connection of facial responses
to the unpleasantness dimension might only be true in the
context of motivational priming.

4.4 | Limitations

There are some limitations, which need to be considered
when interpreting the present findings. First, we did not
include another negative, but non-pain associated stimu-
lus category, reducing the specificity of the found response
patterns. Thus, we cannot exclude that for instance anger
or disgust expressions might have led to similar results;
however, previous research on facial pain expression com-
pared to other emotion categories revealed a pain increase
especially by pain expressions (Reicherts et al., 2013).
Moreover, the variation in motor-features were also lim-
ited to three variants of pain expressions, which limits our
ability to investigate motor priming effects in detail.

4.5 | Conclusion

We could show that a prior exposure to facial expressions
of pain leads to increased facial responses to pain in the
observers, thus, indicating vicarious facilitation of facial
responses to pain, as has been shown for a variety of other
types of pain responses. The results are consistent with
the motivational priming theory. In addition, we also find
some evidence for motor priming playing a role in vicari-
ous facilitation of facial responses to pain.

ACKNOWLEDGEMENTS

We thank Thomas Frank for the technical support in set-
ting up the experiment. Open Access funding enabled and
organized by Projekt DEAL.

d ‘1 ¥T0T “6¥1TTEST

:sdny woiy papeoy

1PUOD) pue SWIRL, 34} 938 “[$70/10/01] U0 AreaqrT ouruQ Ad[ip “BanqsBny [qiasiensioatun £q 691°dR/Z001°01/10p/ WO A1

5//:sdny)

UL19)/W00 KA[IM

P!

ASULOI'T suOWo)) dANEaI)) d[qedtdde ayy Aq pau1aAoS are s3[ONIE V() oSN JO So[nI 10j A1eIqIT AuIfuQ AJ[1A\ UO (SUONIP



142

GOLLER ET AL.

REFERENCES

Avenanti, A., Sirigu, A., & Aglioti, S. M. (2010). Racial bias reduces
empathic sensorimotor resonance with other-race pain. Current
Biology, 20(11), 1018-1022.

Basten-Giinther, J., Kunz, M., Peters, M., & Lautenbacher, S.
(2021). The effect of optimism on the facial expression of pain:
Implications for pain communication. European Journal of
Pain, 25(4), 817-830.

Botvinick, M., Jha, A. P, Bylsma, L. M., Fabian, S. A., Solomon, P.
E., & Prkachin, K. M. (2005). Viewing facial expressions of pain
engages cortical areas involved in the direct experience of pain.
Neuroimage, 25(1), 312-319.

Castiello, U., Lusher, D., Mari, M., Edwards, M., & Humphreys, G. W.
(2002). Observing a human or a robotic hand grasping an ob-
ject: Differential motor priming effects. Common Mechanisms
in Perception and Action: Attention and Performance, XIX,
315-333.

Chiesa, P. A., Liuzza, M. T., Acciarino, A., & Aglioti, S. M. (2015).
Subliminal perception of others' physical pain and pleasure.
Experimental Brain Research, 233, 2373-2382.

Craig, K. D., Versloot, J., Goubert, L., Vervoort, T., & Crombez, G.
(2010). Perceiving pain in others: Automatic and controlled
mechanisms. The Journal of Pain, 11(2), 101-108.

Decety, J., & Jackson, P. L. (2004). The functional architecture
of human empathy. Behavioral and Cognitive Neuroscience
Reviews, 3(2), 71-100.

Ekman, P., & Friesen, W. V. (1978). Facial action coding system.
Environmental Psychology & Nonverbal Behavior.

Fan, Y., & Han, S. (2008). Temporal dynamic of neural mechanisms
involved in empathy for pain: An event-related brain potential
study. Neuropsychologia, 46(1), 160-173.

Goller, P. J., Reicherts, P., Lautenbacher, S., & Kunz, M. (2022).
How gender affects the decoding of facial expressions of pain.
Scandinavian Journal of Pain, 23(2), 372-381.

Han, S., Fan, Y., Xu, X., Qin, J., Wu, B., Wang, X., Aglioti, S. M., &
Mao, L. (2009). Empathic neural responses to others' pain are
modulated by emotional contexts. Human Brain Mapping,
30(10), 3227-3237.

Tacoboni, M., Woods, R. P., Brass, M., Bekkering, H., Mazziotta, J. C.,
& Rizzolatti, G. (1999). Cortical mechanisms of human imita-
tion. Science, 286(5449), 2526-2528.

Ibafiez, A., Hurtado, E., Lobos, A., Escobar, J., Trujillo, N., Baez, S.,
Huepe, D., Manes, F., & Decety, J. (2011). Subliminal presen-
tation of other faces (but not own face) primes behavioral and
evoked cortical processing of empathy for pain. Brain Research,
1398, 72-85.

Kappesser, J. (2019). The facial expression of pain in humans consid-
ered from a social perspective. Philosophical Transactions of the
Royal Society B, 374(1785), 20190284.

Kappesser, 1., & de C Williams, A. C. (2002). Pain and negative emo-
tions in the face: Judgements by health care professionals. Pain,
99(1-2), 197-206.

Karmann, A. J., Lautenbacher, S., Bauer, F., & Kunz, M. (2014).
The influence of communicative relations on facial responses
to pain: Does it matter who is watching? Pain Research and
Management, 19(1), 15-22.

Karmann, A. J., Lautenbacher, S., & Kunz, M. (2015). The role of in-
hibitory mechanisms in the regulation of facial expressiveness
during pain. Biological Psychology, 104, 82-89.

Khatibi, A., Roy, M., Chen, J.-I,, Gill, L.-N., Piche, M., & Rainville,
P. (2023). Brain responses to the vicarious facilitation of pain
by facial expressions of pain and fear. Social Cognitive and
Affective Neuroscience, 18(1), nsac056.

Khatibi, A., Vachon-Presseau, E., Schrooten, M., Vlaeyen, J., &
Rainville, P. (2014). Attention effects on vicarious modulation
of nociception and pain. PAIN®, 155(10), 2033-2039.

Kirwilliam, S., & Derbyshire, S. (2008). Increased bias to report
heat or pain following emotional priming of pain-related fear.
PAIN®, 137(1), 60-65.

Krumhuber, E. G., Tamarit, L., Roesch, E. B., & Scherer, K. R.
(2012). FACSGen 2.0 animation software: Generating three-
dimensional FACS-valid facial expressions for emotion re-
search. Emotion, 12(2), 351-363.

Kunz, M., de Waal, M. W,, Achterberg, W. P., Gimenez-Llort, L.,
Lobbezoo, F., Sampson, E. L., van Dalen-Kok, A. H., Defrin, R.,
Invitto, S., & Konstantinovic, L. (2020). The pain Assessment
in Impaired Cognition scale (PAIC15): A multidisciplinary
and international approach to develop and test a meta-tool for
pain assessment in impaired cognition, especially dementia.
European Journal of Pain, 24(1), 192-208.

Kunz, M., Faltermeier, N., & Lautenbacher, S. (2012). Impact of visual
learning on facial expressions of physical distress: A study on vol-
untary and evoked expressions of pain in congenitally blind and
sighted individuals. Biological Psychology, 89(2), 467-476.

Kunz, M., Karos, K., & Vervoort, T. (2018). When, how, and why do
we express pain? In Social and interpersonal dynamics in pain:
We don't suffer alone. Springer; (pp. 101-119).

Kunz, M., & Lautenbacher, S. (2014). The faces of pain: A cluster
analysis of individual differences in facial activity patterns of
pain. European Journal of Pain, 18(6), 813-823.

Kunz, M., Lautenbacher, S., LeBlanc, N., & Rainville, P. (2012). Are
both the sensory and the affective dimensions of pain encoded
in the face? Pain, 153(2), 350-358.

Kunz, M., Meixner, D., & Lautenbacher, S. (2019). Facial muscle
movements encoding pain—A systematic review. Pain, 160(3),
535-549.

Kunz, M., Mylius, V., Schepelmann, K., & Lautenbacher, S. (2004).
On the relationship between self-report and facial expression
of pain. The Journal of Pain, 5(7), 368-376.

Kunz, M., Mylius, V., Schepelmann, K., & Lautenbacher, S. (2008).
Impact of age on the facial expression of pain. Journal of
Psychosomatic Research, 64(3), 311-318.

Kunz, M., Peter, J., Huster, S., & Lautenbacher, S. (2013). Pain and
disgust: The facial signaling of two aversive bodily experiences.
PLoS One, 8(12), €83277.

Kunz, M., Prkachin, K., Solomon, P. E., & Lautenbacher, S. (2021).
Faces of clinical pain: Inter-individual facial activity patterns
in shoulder pain patients. European Journal of Pain, 25(3),
529-540.

Kunz, M., Rainville, P., & Lautenbacher, S. (2011). Operant con-
ditioning of facial displays of pain. Psychosomatic Medicine,
73(5), 422-431.

Lang, P. J. (1995). The emotion probe: Studies of motivation and at-
tention. American Psychologist, 50(5), 372-385.

Lautenbacher, S., Bir, K.-J., Eisold, P, & Kunz, M. (2017).
Understanding facial expressions of pain in patients with de-
pression. The Journal of Pain, 18(4), 376-384.

Mailhot, J. P., Vachon-Presseau, E., Jackson, P. L., & Rainville, P.
(2012). Dispositional empathy modulates vicarious effects

d ‘1 ¥T0T “6¥1TTEST

:sdny woiy papeoy

1pu0)) pue SWIA L, Y1 238 “[$20T/10/01] uo Areiqry uruo Ad[ip ‘SingsSny [qigsioensioatun £q 691¢°dfe/2001°01/10p/w0d"Kopim'A

5//:sdny)

ULI9)/W09" AA[IM"

P!

9SULOI'T suowWo)) dANEa1)) d[qedtdde ayy Aq pauraaoS are sa[oNIER V() oSN JO so[n 10j A1eIqrT aurjuQ L3]I Uo (suonip



GOLLER ET AL.

143

of dynamic pain expressions on spinal nociception, facial re-
sponses and acute pain. European Journal of Neuroscience,
35(2), 271-278.

Meagher, M. W,, Arnau, R. C., & Rhudy, J. L. (2001). Pain and emo-
tion: Effects of affective picture modulation. Psychosomatic
Medicine, 63(1), 79-90.

Meister, E., Horn-Hofmann, C., Kunz, M., Krumhuber, E. G., &
Lautenbacher, S. (2021). Decoding of facial expressions of pain
in avatars: Does sex matter? Scandinavian Journal of Pain,
21(1), 174-182.

Priebe, J. A., Kunz, M., Morcinek, C., Rieckmann, P., & Lautenbacher,
S. (2015). Does Parkinson's disease lead to alterations in the fa-
cial expression of pain? Journal of the Neurological Sciences,
359(1-2), 226-235.

Reicherts, P., Gerdes, A. B., Pauli, P., & Wieser, M. J. (2013). On the
mutual effects of pain and emotion: Facial pain expressions
enhance pain perception and vice versa are perceived as more
arousing when feeling pain. PAIN®, 154(6), 793-800.

Roesch, E. B., Tamarit, L., Reveret, L., Grandjean, D., Sander, D., &
Scherer, K. R. (2011). FACSGen: A tool to synthesize emotional
facial expressions through systematic manipulation of facial ac-
tion units. Journal of Nonverbal Behavior, 35, 1-16.

Simon, D., Craig, K. D., Gosselin, F., Belin, P., & Rainville, P. (2008).
Recognition and discrimination of prototypical dynamic ex-
pressions of pain and emotions. PAIN®, 135(1-2), 55-64.

Stoykov, M. E., & Madhavan, S. (2015). Motor priming in neuroreha-
bilitation. Journal of Neurologic Physical Therapy: JNPT, 39(1),
33-42.

Vachon-Presseau, E., Martel, M. O., Roy, M., Caron, E., Jackson, P.
L., & Rainville, P. (2011). The multilevel organization of vicari-
ous pain responses: Effects of pain cues and empathy traits on
spinal nociception and acute pain. PAIN®, 152(7), 1525-1531.

Vachon-Presseau, E., Roy, M., Martel, M.-O., Albouy, G., Chen, J.,
Budell, L., Sullivan, M. J., Jackson, P. L., & Rainville, P. (2012).
Neural processing of sensory and emotional-communicative
information associated with the perception of vicarious pain.
Neuroimage, 63(1), 54-62.

Weiss, T., Miltner, W. H., & Dillmann, J. (2003). The influence of
semantic priming on event-related potentials to painful laser-
heat stimuli in migraine patients. Neuroscience Letters, 340(2),
135-138.

Wieser, M. J., Gerdes, A. B., Reicherts, P., & Pauli, P. (2014). Mutual
influences of pain and emotional face processing. Frontiers in
Psychology, 5, 1160.

Williams, A. E., & Rhudy, J. L. (2009). Emotional modulation
of autonomic responses to painful trigeminal stimulation.
International Journal of Psychophysiology, 71(3), 242-247.

Xiang, Y., Wang, Y., Gao, S., Zhang, X., & Cui, R. (2018). Neural mech-
anisms with respect to different paradigms and relevant regula-
tory factors in empathy for pain. Frontiers in Neuroscience, 12,
507.

Yamada, M., & Decety, J. (2009). Unconscious affective processing
and empathy: An investigation of subliminal priming on the
detection of painful facial expressions. Pain, 143(1-2), 71-75.

How to cite this article: Goller, P. J., Reicherts, P.,
Lautenbacher, S., & Kunz, M. (2024). Vicarious
facilitation of facial responses to pain. European
Journal of Pain, 28, 133-143. https://doi.org/10.1002/

€jp.2169

d ‘1 ¥T0T “6¥1TTEST

:sdny woiy papeoy

1pu0)) pue SWIA L, Y1 238 “[$20T/10/01] uo Areiqry uruo Ad[ip ‘SingsSny [qigsioensioatun £q 691¢°dfe/2001°01/10p/w0d"Kopim'A

5//:sdny)

ULI9)/W09" AA[IM"

P!

9SULOI'T suowWo)) dANEa1)) d[qedtdde ayy Aq pauraaoS are sa[oNIER V() oSN JO so[n 10j A1eIqrT aurjuQ L3]I Uo (suonip


https://doi.org/10.1002/ejp.2169
https://doi.org/10.1002/ejp.2169

