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| Stefan Lautenbacher’

Abstract

Background: Facial activity during pain is composed of varying combinations of a
few elementary facial responses (so-called Action Units). A previous study of experi-
mental pain showed that these varying combinations can be clustered into distinct fa-
cial activity patterns of pain. In the present study, we examined whether comparable
facial activity patterns can also be identified among people suffering from clinical
pain; namely, shoulder pain.

Methods: Facial expressions of patients suffering from shoulder pain (N = 126) were
recorded while twice undergoing a battery of passive range-of-motion tests to their
affected limbs (UNBC-McMaster Shoulder Pain Expression Archive Database),
which elicited peaks of acute pain. Facial expressions were analysed using the Facial
Action Coding System to extract facial Action Units (AUs). Hierarchical cluster
analyses were used to look for characteristic combinations of these AUs.

Results: Cluster analyses revealed four distinct activity patterns during painful
movements. Each cluster was composed of different combinations of pain-indicative
AUs, with one AU common to all clusters, namely, “narrowed eyes”. Besides these
four clusters, there was a “stoic” pattern, characterized by no discernible facial ac-
tion. The identified clusters were relatively stable across time and comparable to the
facial activity patterns found previously for experimental heat pain.

Conclusions: These findings corroborate the hypothesis that facial expressions of
acute pain are not uniform. Instead, they are composed of different combinations of
pain-indicative facial responses, with one omnipresent response, namely, “narrowed
eyes”. Raising awareness about these inter-individually different “faces of pain”
could improve the recognition and, thereby, its diagnostic training for professionals,
like nurses and physicians.

Significance: Similar to experimental pain, facial activity during evoked pain epi-
sodes in shoulder pain patients could be clustered into distinct faces of pain. Each
cluster was composed of different combinations of single facial responses, namely:
narrowed eyes, which is displayed either alone or in combination with opened mouth

or wrinkled nose, or furrowed brows and closed eyes. These distinct faces of pain
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may inform the training of professionals and computers how to best recognize pain

based on facial expressions.

1 |

INTRODUCTION

It has been repeatedly shown that the experience of pain is ac-
companied by a small subset of elementary facial activities (so-
called Action Units, AUs; Ekman & Friesen, 1987), namely,
narrowed eyes, furrowed brows, raising the upper lip/nose wrin-
kling, opening of the mouth and eye closure (Kunz et al., 2019;
Prkachin & Solomon, 2008; Prkachin, 1992). These elemen-
tary facial activities are rarely presented all at once during pain
but appear mostly partially in different combinations (Craig
et al., 2011; Kunz & Lautenbacher, 2014). Given these varying
combinations of AUs, it becomes apparent that there is not only
one uniform facial expression of pain that can be observed at
all times and in each individual. Using cluster analyses, Kunz
and Lautenbacher (2014) showed that AUs during experimen-
tal heat pain clustered into four distinct active patterns besides
a fifth stoic expression (with no discernible facial actions). The
four active patterns were combinations of the AU “narrowed
eyes” with either (I) “raising the upper lip/nose wrinkling” and
“furrowed brows”, (II) “furrowed brows” or (III) “opening of
the mouth” and, in addition, a pattern (IV) solely composed of
“raised eyebrows”. These inter-individually different patterns
were unrelated to participants’ demographic characteristics
or their pain sensitivity and may be behavioural synonyms for
the internal state “pain”. A follow-up study showed that a brief
training focusing on these different facial activity patterns im-
proved recognition of pain significantly (observers were better
able to differentiate pain from facial expressions of disgust and
from neutral expressions) (Kunz & Lautenbacher, 2015). Thus,
a better understanding of the “different faces of pain” may be
important for clinical practice because it improves the fidelity
with which pain is decoded.

However, in order to apply the cluster findings to clinical
practice, it has to be first established that these patterns can
be replicated for clinical pain. This was the aim of the pres-
ent study. In general, elementary facial responses occurring
during experimental acute pain are very comparable to facial
responses occurring in clinical acute pain, with the only ex-
ception that eye closure is displayed more intensely in clinical
pain (Kunz et al., 2019). Given the similarity of single facial
responses to experimental and clinical pain, we hypothesized
that facial responses occurring during clinical pain can also
be clustered into inter-individually different facial activity pat-
terns similar to those for experimental pain. To test this, facial
responses to acute pain in shoulder pain patients undergoing
a range of motion tests (videos were taken from the UNBC-
McMaster Shoulder Pain Expression Archive Database (Lucey
etal., 2011; Prkachin & Solomon, 2008)) were analysed. Given

that patients underwent all motion tests twice, we could test
(1) replicability of cluster solutions and (ii) stability of “clus-
ter-membership” within individuals across time. Some of the
established fundamental influences on pain processing were
selected as potential individual determinants of cluster mem-
bership, i.e. age, sex, intensity of acute pain, duration of shoul-
der pain, pain medication and accompanying disability.

2 | MATERIALS AND METHODS
The video recordings of facial expressions were taken from
the UNBC-McMaster Shoulder Pain Expression Archive
Database, data from which have been presented in Lucey
et al., 2011; Prkachin & Solomin, 2008.

2.1 | Participants (UNBC-McMaster
Shoulder Pain Expression Archive Database)

Sixty-three women and 63 men (mean age = 42.23;
SD = 14.48) who self-identified as suffering from shoulder
pain participated. They were recruited from two active physi-
otherapy clinics and by advertisements on the university
campus. Slightly under 25% were students; 12.4% were un-
employed and 16.2% retired. Other identified occupations in-
cluded healthcare (7.8%), civil service (7.8%), service (7.8%),
trades (7.8%), management (7%), manufacturing (2.3%), and
homemaker (2.3%), the cultural sector (2%), and primary in-
dustry (1.8%). Seventy per cent of the participants were able
to provide a pain diagnosis identified by an attending physi-
cian or physiotherapist. Diagnoses included arthritis, bursitis,
tendonitis, fibromyalgia, subluxation, rotator cuff injury, im-
pingement syndrome, bone spur, capsulitis and dislocation.
Thus, although the underlying physical conditions were not
uniform, the sample was broadly representative of the types
of problems commonly seen in shoulder pain clinics. Other
demographic features of the sample are presented in Prkachin
and Solomon (2008). In general, the sample was relatively
well-educated, with approximately 74% having at least some
postsecondary education, but broadly representative in terms
of ethnic background of urban regions in Canada. The vast
majority (79.8%) reported having experienced their injury
more than 6 months prior to testing and consequently met
one of the common criteria for chronic pain. Roughly half
(50.4%) of the participants reported using medication for
their pain. All participants provided written informed con-
sent. The study protocol was approved by the Research
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Ethics Boards of McMaster University and the University of
Northern British Columbia.

2.2 | Procedure (UNBC-McMaster Shoulder
Pain Expression Archive Database)

Participants were tested in a laboratory room, which had
a bed for performing passive range-of-motion tests. Four
range-of-motion tests were performed: abduction (lifting the
arm sideways and up in the frontal plane), flexion (lifting the
arm forward and up in the sagittal plane), internal rotation
(bending the arm 90 degrees at the elbow, abducted 90 de-
grees and turning internally) and external rotation of the arm
(bending the arm 90 degrees at the elbow, abducted 90 de-
grees and turning externally). All four tests were performed
under active and passive conditions on the affected and the
unaffected limb. Active tests were performed before passive
tests because that is the order in which they are usually ad-
ministered clinically. The four tests within active and passive
conditions were performed in a random order. Tests were
performed by one of two female physiotherapist research as-
sistants who followed a standardized clinical protocol. Active
tests were performed while the participant was standing, and
passive tests were performed with the participant resting in
a supine position on a bed. The physiotherapist moved the
limb until the maximum range was achieved or the partici-
pant told her to stop. After each test, participants rated the
maximum pain it had produced using a visual analogue scale
(VAS, 10 cm line, scored by measuring the response in cm),
anchored at the ends with the words, ‘“No pain” and *‘Pain as
bad as could be” respectively.

After a 20-min break, during which participants completed
psychometric tests, the same range-of-motion tests were re-
peated. Each test was recorded from a frontal view on digital
videotape using a Sony digital video camera focused on the face.

In addition to performing the range-of-motion tests,
participants were asked to provide demographic informa-
tion and to complete questionnaires, including the Coping
Strategies Questionnaire (CSQ, Abbott, 2010; Rosenstiel
& Keefe, 1983) and the Shoulder Pain and Disability Index
(SPADI, Roach et al., 1991; Williams et al., 1995).

The CSQ is a 44-item questionnaire that was developed to
measure coping in pain patients. As originally constructed,
it comprises two general questions and items selected on
a rational basis to reflect seven dimensions of coping:
Diverting Attention, Reinterpreting Pain Sensations, Coping
Self-Statements, Ignoring Sensations, Praying/Hoping,
Catastrophizing and Increasing Behavioural Activity. Items
are rated on a 7-point scale, with endpoints “never” and
“always”. Initial studies established moderate-to-good in-
ternal consistency of most of the identified dimensions
(Robinson et al., 1997). Reported test—retest reliability values

for the various dimensions over timeframes from 1 day to
6 weeks range from 0.48 to 0.91. There has been disagree-
ment about its underlying factor structure; however, several
of the originally proposed dimensions (Diverting Attention,
Ignoring Pain Sensations, Catastrophizing and Coping Self-
Statements) have been identified repeatedly in factor analyses,
show moderate-to-good internal consistency and construct
validity (Robinson et al., 1997). In previous research, only a
few components of the CSQ — in particular, Catastrophizing
— have accounted for variability in pain-related expressions
(Prkachin & Mercer, 1989). For this reason, we only focussed
on the subscale Catastrophizing for further analyses.

The SPADI was developed as a specific measure of pain
and disability associated with shoulder pathology. Its 13 items
are rated on 11-point scales, grouped into 5 on pain intensity
(with the endpoints “no pain” to “worst pain imaginable’)
and 8 on disability (“no difficulty” to “so difficult required
help”). Studies of the internal consistency of the scales have
showed high internal consistency and moderate test—retest re-
liability (Williams et al., 1995) and a systematic review (Bot
et al., 2004) found it to have good evidence for construct va-
lidity and sensitivity. A previous report on the present sample
(MacDemid et al., 2006) showed internal consistency of the
subscales to be high (x> 0.92), and evidence of convergent
and discriminant validity.

2.3 | Facial expression analyses (conducted
specifically for the current study)

For facial expression analyses, we only focussed on passive
tests performed on the affected limb, since these elicited
more facial expressions of pain than active movements or
movements of the unaffected side (thus, limiting the number
of stoic expressions).

Facial expressions were coded from the video recordings
using FACS, which is based on anatomical analysis of facial
movements and distinguishes 44 different Action Units (AUs)
produced by single muscles or combinations of muscles.
Although the video recordings had been FACS coded previ-
ously (Prkachin & Solomon, 2008), we re-analyzed the vid-
eos with FACS given that previously only 11 of the 44 AUs
had been coded. Thus, the videos were FACS re-coded by two
FACS coders who identified the frequency (how often was
an AU displayed) and intensity (5-point scale (1-5)) of all 44
AUs. For each movement test, there was a separate video clip;
resulting in 126 X 8 = 1,008 video clips altogether. Five per
cent of the video clips (N = 50 randomly selected video clips)
was coded by both coders to calculate inter-rater reliability
(using the Ekman—Friesen formula; Ekman & Friesen, 1987).
Inter-rater reliability was 0.88, which is comparable to previ-
ous studies (e.g. Kunz et al., 2011; Kunz, Faltermeier, et al.,
2012; Kunz & Lautenbacher, 2014). Software designed for the
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analysis of observational data (Observer Video-Pro; Noldus
Information Technology) was used to segment the videos and
to enter the FACS codes into a time-related database. All facial
responses occurring within the duration of each motion test
(each test lasting between 5 and 15 s) were coded. Given that
there were four motion tests (passive movement of the affected
limb) that were repeated twice (T1 and T2), eight potentially
painful motion tests were FACS coded per participant.

For further analyses, we joined frequency and intensity
values for each AU by multiplying the two (product term).
Furthermore, those AUs that represent similar facial move-
ments were combined (AUl & AU2; AU6 & AU7; AU9
& AUI10; AU25 & AU26 & AU27), as has been done in
most preceding studies on facial responses to pain (Kunz
et al., 2004, 2007; 2008; Prkachin, 1992). To select AUs to
be entered into the cluster analyses, we calculated how often
each occurred during the motion tests at each time point (T1
& T2). Only those AUs that occurred in at least 5% of the
motion tests both at T1 as well as at T2 were considered for
further analyses (see Table 1, these AU being selected are
printed in bold and are highlighted in grey).

We were not interested in identifying clusters that would
merely reflect different inter-individual degrees of expres-
siveness, but rather in the extraction of distinct facial activity
patterns, which may be constant across a group of individ-
uals regardless of whether faintly or strongly expressed. In
order to eliminate differences in the degree of facial ex-
pressiveness between participants, and in accordance with
our previous cluster analysis of experimental pain (Kunz &
Lautenbacher, 2014), AUs (product term) were z-transformed
within each participant before entering the selected AUs (see
shaded AUs in Table 1) into the cluster analyses.

Frequency of
occurrence (in %)

Action Unit Description T1 T2

AU 12 raised eyebrows 14.1 14.9
AU4 furrowed brows 33.3 30.8
AAU6/7 narrowed eyes 120.6 114.7
1AU9/10 wrinkled nose 40.3 37.7
AU 12 smiling 9.9 —
AU 14 dimpler 10.3 13.3
AU 17 chin raiser 11.5 10.7
AU 18 lip pucker 10.5 —
AU 24 lip tightener — 5.6
2AU25/26/27 opened mouth 56.4 52.5
AU43 closed eyes > 0.5s 33.5 383

2.4 | Data analyses

If participants were facially completely nonexpressive in re-
sponse to the passive motion tests on the affected limb, we
excluded them from the cluster analyses because of inap-
plicable data for this type of analysis (given that a zero ex-
pression (“0O-values”) cannot be statistically clustered into a
specific pattern of facial expression). However, even though
these individuals will not be directly entered into the cluster
analyses, we will treat this group as an additional “cluster”
in the result section (‘“stoic cluster”) to stress the fact that
some individuals do not show any pain-related facial activ-
ity in situations evoking pain and that a “stoic-face” can pre-
sumably also accompany the experience of pain.

2.4.1 | Cluster analyses

Following previous approaches and recommendations for
cluster analyses (Blashfield & Aldenderfer, 1988; Hair &
Black, 2000; Rovniak et al., 2010), a two-step clustering pro-
cedure was used.

(1) In the first step, hierarchical cluster analyses were
performed using Ward s method (Ward, 1963) and Squared
Euclidean definition of distances to determine the number
of cluster groups within each of the two time points (T1
and T2), resulting in two hierarchical cluster analyses. The
clustering process starts with the same number of clusters
as there are cases and reduces the number of clusters by
step-wise combining those clusters whose combination re-
sults in a minimum increase in the total within-group sum
of squares. If a point is reached where clusters are combined

TABLE 1 Facial Action Units (AUs)

with a critical frequency of occurrence
Wilcoxen Test: T1 of more than 5% during passive range of
versus. T2 (p-values) motion tests of the affected limb. Values
0.854 are given separately for the two time points

T1, T2
0.827 ( )

0.634
0.788
0.112
0.237
0911
0.132
0.499
0.510
0.244

Note: Percentage numbers > 100% indicate than an AU or a combination of AUs (e.g. AU6/7) were on average

displayed more than once within a painful episode.

*AUs selected for the cluster analyses.
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that are dissimilar, the within-group sum of squares notice-
ably increases (as can be seen in the agglomeration sched-
ule). The number of clusters prior to this rapid increase
in the agglomeration coefficient is considered the “natural
grouping scheme” (Hair & Black, 2000). To best determine
the correct number of clusters, we inspected the rescaled
distances as displayed in the hierarchical cluster dendog-
ram, examined the change in the agglomeration coefficient
and applied the Mojena stopping rule as a quantitative cri-
terion to define a “significant jump” in the agglomeration
coefficient (Milligan & Cooper, 1985; Mojena, 1977).

(i1) In a second step, the cluster means (centroids) that
emerged from each hierarchical cluster analysis were used as
initial seed points in nonhierarchical k-means cluster analy-
ses as a method to verify the initial cluster solutions (Hair &
Black, 2000). This was again done separately for each of the
two time points (T1 and T2).

2.4.2 | Cluster replicability and stability across
time points (T1 and T2)

In order to ensure that the resultant clusters do not only rep-
resent chance findings but instead stable facial encoding pat-
terns of pain, we assessed the replicability and stability of
the identified facial expression clusters across the different
time points.

Cluster replicability: To assess replicability of fa-
cial encoding clusters across time points, McIntyre and
Blashfield’s nearest-centroid cross-validation technique was
used (McIntyre & Blashfield, 1980). This cross-validation
procedure uses the cluster solutions from one time point (e.g.
T1) to classify each person at another time point (e.g. T2)
based on minimal distances (nearest centroid). Thus, for each
individual at each time point, there are now two clustering
solutions available (the original clusters and the nearest-cen-
troid assigned clusters). The replication accuracy between
cluster solutions was quantified using the kappa coefficient.

Stability of “cluster-membership” : We also calculated
cross-tabulations between cluster solutions of T1 and T2 to
investigate whether belonging to a certain facial expression
cluster in one situation predicts membership in a comparable
cluster in another according to kappa statistics. This proce-
dure allows determining the stability of “cluster-member-
ship” of each participant across time.

2.4.3 | Differences in demographic and pain
characteristics in the facial expression clusters

As a last step, we investigated whether the identified facial
expression clusters might differ with regard to demographic
or pain characteristics by means of X2 tests (gender, pain

medication) or univariate analyses of variance (age, VAS
rating of shoulder pain, years of shoulder pain, SPADI and
Catastrophizing-CSQ score). Findings were considered to be
statistically significant at a < 0.05.

SPSS-26 was used for all analyses.

3 | RESULTS

The SPADI yields three scores; one for pain, one for dis-
ability and total summary score. For this sample, means and
standard deviations were as follows: pain — 53.27 (23.18),
disability — 32.36 (22.85) and total — 42.83 (21.80). By com-
parison, mean scores for the largest population-based study
of people complaining of shoulder pain (Hill et al., 2011)
were 34.5, 21.7 and 26.6 respectively (standard deviations
were not given). In a prospective cohort study of patients
scheduled for shoulder arthroplasty (Angst et al., 2008), the
respective means and standard deviations for a German ver-
sion of the SPADI were 33.1 (20.3), 40.1 (19.9) and 36.6
(18.6). Taken together, the findings suggest that the sample
recruited were indeed suffering from clinically significant
problems with shoulder pain. For detailed analyses in the fol-
lowing, only the SPADI total score was considered.

On average, participants rated the passive range-of-mo-
tion tests on their affected side as mildly painful (VAS-T1:
2.8 +2.2; VAS-T2: 2.9 +2.2), with VAS pain intensity ratings
not differing between the first (T1) and second (T2) execution
(1(128)=0.14, p=.890). None of the participants reported “no
pain” across the motion tests at T1 and T2. Moreover, facial
responses elicited during the motion tests (composite score of
all AUs with an occurrence > 5%) also did not differ between
T1 (mean FACS score 5.7 + 6.2) and T2 (mean FACS score
5.3 +£5.5) (1(128)=0.98, p=.331). Consequently, the passive
range-of-motion tests elicited comparable subjective and fa-
cial pain responses across the two time points.

3.1 | Cluster analyses

In both hierarchical cluster analyses (T1 and T2), the den-
dogram, the agglomeration coefficient and the Mojena stop-
ping rule showed that a four-cluster solution was the most
appropriate solution to cluster facial activity during the painful
motion tests. The corresponding cluster means of the differ-
ent AUs are shown in Table 2. We also included the group of
nonexpressive individuals in Table 2 as an additional “cluster”
and labelled it “stoic cluster”. In a second step, we verified
these initial cluster solutions by using the centroid values of
the hierarchical cluster analyses as initial seed points in nonhi-
erarchical, k-means cluster analyses and found the results to be
very similar to those of the hierarchical analyses (>91% of the
participants obtained the same group membership).



TABLE 2 Facial expression cluster profiles for T1 and T2 across the selected Action Units (z-scores)

Occurrence

Time

frequency of each

cluster

AU43

opened

AU25_26_27
mouth

AU 17
chin

wrinkled

AU9_10
nose

narrowed

eyes

AUG6_7

AU4

raised

AU1 2

Closed

AU 14

furrowed
brows

(%)

39

eyes > (.5s

raiser

dimpler

eyebrows

Cluster

Time point
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50
32
23
12
12
54
17
31

—-0.30
-0.42
-0.59
0.27

0.05
0.68
0.05
0.35

—0.41
—-0.56
—-0.36
-0.62

-0.49
-0.32
—-0.62
—0.60

-0.25
-0.26
0.40

191
1.71
1.33
0.77

-0.15
-0.52

0.05
0.58

—0.36
-0.32
—-0.60
0.09
0

T1

25

I
I

18

—0.42

v

Stoic cluster

42

-0.32
—0.45
—0.62
0.39

-0.32

1.94
0.06

—-0.54
—0.28
—0.59
-0.47

—0.47
-0.47
—0.76

0.

—-0.19
—-0.49
0.43

S
0.31
1.63
0.68

-0.17
—-0.18
0.01
0.44

—-0.27
—-0.39
—0.69
-0.53

0

T2

13
24

11

11T

v

10
11

13
14

—0.35

02

—0.37

Stoic cluster

Note: AUs being indicative for the separate clusters are printed in bold and marked in grey.

3.1.1 | Clusters of facial responses to pain
When visually inspecting cluster solutions for T1 and T2, it
becomes evident that there were very similar clusters of facial
responses to pain across time points (see Table 2). Examples
of the found clusters are given in Figure 1.

Cluster I: As can be seen in Table 2, the first cluster
scored highest on AU 6_7 (contraction of the muscles sur-
rounding the eyes) and was labelled as “narrowed eyes”
(see also Figure 1, left column). This facial activity pattern
was displayed by approximately 40% (rounded average) of
the participants at both time points (for exact numbers see
Table 2, right column) and proved to be the most frequently
occurring facial activity pattern during pain.

Cluster II: As can be seen in Table 2, the second cluster
scored highest on AU 6_7 (contraction of the muscles sur-
rounding the eyes) and on AU25_26_27 (mouth opening)
and was labelled as “narrowed eyes with opened mouth” (see
also Figure 1, second panel). This facial encoding pattern was
displayed by approximately 20% (rounded average) of partic-
ipants across both time points.

Cluster III: As can be seen in Table 2, the third cluster
scored highest on AU 6_7 (contraction of the muscles sur-
rounding the eyes) with a co-activation of AU9_10 (raising the
upper lip with wrinkled nose) and was labelled as “narrowed
eyes with wrinkled nose” (see also Figure 1, third panel). This
facial encoding pattern was displayed (similar to cluster II) by
approximately 20% of participants across both time points.

Cluster IV: As can be seen in Table 2, the fourth clus-
ter scored highest on AU 6_7 (contraction the muscles sur-
rounding the eyes) with a co-activation of AU4 (contraction
of the eyebrows) and AU43 (closing the eyes for longer
than > 0.5 s). AU25_26_27 was also apparent in this cluster
but only at T1. Thus, this cluster was labelled as “narrowed
eyes with furrowed brows and closed eyes” (see Figure 1,
fourth panel). This pattern was displayed by only 10% of par-
ticipants at both time points.

“Stoic Cluster”: As can be seen in Table 2, approxi-
mately 10% did not show any facial responses during painful
motion tests.

3.2 | Cluster Replicability and “Cluster-
Membership” Stability

3.2.1 | Replicability of cluster solutions across
time points (T1 and T2)

Given that participants underwent each motion test twice,
we could test cluster replicability across time points T1 and
T2. Comparing the original cluster assignments for 7/ to
their nearest-centroid classification using the cluster centres
of T2 resulted in a good replicability of cluster assignments
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Cluster 1

narrowed eyes

Cluster 11

narrowed eyes
with opened mouth

Baseline

Motion-test

FIGURE 1

Cluster 111 Cluster IV
narrowed eyes narrowed eyes with furrowed
with raised upper lip brows and closed eyes

Examples of facial actions occurring during passive motion tests of the affected limb in shoulder pain patients. The examples

illustrate one of the four facial activity clusters: Custer I: please notice the narrowing of the eye aperture (AU6/7) from “Baseline” to “Motion-test”;

Cluster II: please notice the narrowing of the eye aperture (AU6/7) and the opening of the mouth (AU25/26/27) from “Baseline” to “Motion-test”;

Cluster III: please notice the narrowing of the eye aperture with the eyes not being fully closed (AU6/7) and the deepening of the nasolabial furrow
(AUY/10) from “Baseline” to “Motion-test”; Cluster IV: please notice the tense closing of the eyes (AU6/7 with AU43) and the furrowed (AU4)

from “Baseline” to “Motion-test”

of 75% and a substantial kappa value of k = 0.61 (t = 13.5,
p <.001). Similarly, comparing the original cluster assign-
ments for T2 to their nearest-centroid classification using
the cluster centres of T1 again resulted in a good overall rep-
licability of 71% and a substantial kappa value of k = 0.61
(t = 12.6, p < .001). Thus, the cross-validation procedures
revealed good replicability of cluster solutions across time
points.

3.2.2 | Cluster-membership stability across
time points (T1 and T2)

In addition to comparing the replicability of cluster solutions,
we also wanted to assess whether participants remained in
the same facial activity cluster across time points or in other
words how stable an individual displays a certain facial activ-
ity pattern across T1 and T2 (“cluster-membership” stabil-
ity). Cross-tabulation (kappa-statistics) revealed significant
“cluster-membership” stability across situations (k = 0.52,
t =10.620, p <.001). However, given that the k —value was

around 0.5, the agreement can only be interpreted as moder-
ate. Although the majority of participants did show the same
type of facial activity patterns across situations, 39% changed
“cluster-membership” between situations. These changes in
“cluster-membership” between situations were, however, un-
systematic. In other words, no obvious pattern of change (e.g.
members of cluster I change most often to cluster II) could be
detected when inspecting the cross-tabulation.

3.2.3 | Demographic and pain characteristics
in the different facial expression clusters

As can be seen in Figure 2, the facial expression cluster
groups (T1) did not differ with regard to age or gender (all p-
values > .05). Moreover, VAS ratings of acute pain due to the
motion tests, years of shoulder pain, pain medication, inten-
sity and disability of the shoulder pain (SPADI total score)
and pain catastrophizing (Catastrophizing-CSQ) did also not
differ between cluster groups (all p-values > .05). The same
nonsignificant findings were found for the facial expression
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FIGURE 2 Demographic (gender, age)

% 1 Age (in years) Gender distribution = male and pain (VAS ratings, years of shoulder
p=.413 emate . .
70| P=367 pain, SPADI and Catastrophizing-CSQ
c 30
© 2 scores) characteristics for each facial cluster
» 2 . . .
§ % w0 at T1. P-values indicate analyses of variance
£ % s . .
) % or Chi-square test outcomes testing for
40 @ .
© 10 differences between clusters
30
20 » m nclusterl ] n vi stoic cluster
cluster I n m Vi stoic cluster
10 ) 81 years of chronic pain
VAS ratings (T1)
p=.476 p=.967
8
c 6
£
-l
é 6 E T T T T T
K £ 4
@ -
<
7. [ w | ( l :
£
°>'. 2
2
T T
o
cluster 1 [} mn \ stoic cluster cmsn(er 1 ] m VI stoic cluster
§ e Shoulder Pain and Disability Index (SPADI) Catastrophizing - CSQ
g p=.887 918
> 80 4 p=
El g
2 %a
2 go
m N
2 5
E 40 3 G 2
€ 8
S £8
g 20 1
3 >
5 £,
T cluster 1 n n VI stoic cluster TS cuuster 1 u " VI stoic cluster

40 4 Pain medication
p=.187

N @
S s

Distribution Pain Medication Use
5

L

cluster | n i

cluster groups at T2 (gender: p=.852; age: p=.263; VAS pain
ratings: p=.172; years of shoulder pain: p=.956; pain medi-
cation: p=.210, SPADI total score: p=.261; Catastrophizing-
CSQ: p=.296).

4 | DISCUSSION

The aim of the present study was to characterize inter-individ-
ual variants of facial expressions of clinical acute pain. This
approach complements a previous attempt, aiming at cluster-
ing variations in facial expressions during experimental pain
(Kunz & Lautenbacher, 2014). Similar to experimental pain,
a multiple-cluster solution best described facial activity dur-
ing motion-induced pain episodes in shoulder pain patients.
Each cluster was composed of different combinations of sin-
gle AUs, namely: narrowed eyes, which is displayed either
alone or in combination with opened mouth or wrinkled nose,
or furrowed brows and closed eyes (for longer than 0.5s). In

1 no pain medication
B pain medication

Vi stoic cluster

addition, a small number of individuals did not show any type
of identifiable facial responses, forming a ““stoic cluster”.

4.1 | Description of the four active facial
activity patterns during pain

Narrowed eyes (AU6_7) is omnipresent in all active clus-
ters (except the stoic cluster) and the most frequent facial re-
sponse compared to all others. This is in line with a recently
published review (Kunz et al., 2019), showing that AU6_7
is the most frequent feature of the pain face. However, AU
6_7 is not specific to pain, given that it also occurs in anger,
happiness and disgust (Kunz et al., 2013; Simon et al., 2008).

The variants in facial expressions of pain result from
combinations of AU6_7 with other AUs, namely, with wrin-
kled nose, opened mouth or furrowed brows with closing
eyes. These additions are not negligible extras, but are stable
components of facial expressions of pain across clinical and
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experimental pain studies (Kunz et al., 2019). It was found
(Blais et al., 2019; Kunz et al., 2019; Kunz, Lautenbacher,
et al., 2012) that wrinkled nose and furrowed brows are in-
dicative of the affective component, whereas narrowed eyes
reflects the sensory component of pain. Considering the
present data, this may suggest that the sensory component
is reliably broadcasted in almost any case, whereas informa-
tion about the affective component might be variably tied
to wrinkled nose or furrowed brows or may be completely
missing.

4.2 | Comparing patterns of facial activity
during clinical and experimental pain

The question arises whether the present cluster solutions found
for clinical acute pain correspond well to those previously
found for experimental pain (Kunz & Lautenbacher, 2014).
As affirmative answer, we observed substantial similarity be-
tween facial activity patterns produced by these two types
of pain. The cluster narrowed eyes combined with opened
mouth was identically present in this study of clinical pain (in
around 20%) and in the earlier one with experimental pain (in
20%—29%). Similarly, the cluster narrowed eyes combined
with furrowed brows was very similar in both types of pain
(clinical: 10%, experimental: 13%-21%). A slight difference
occurs with respect to the cluster narrowed eyes and wrinkled
nose (clinical: 20%, experimental: 37%-53%), in which fur-
rowed brows is added in the case of experimental pain. Also,
the number of subjects showing no facial responses (stoic
cluster) is very similar when comparing clinical (10%) and
experimental pain (15%-23%). Thus, facial stoicism is not a
feature of experimental pain alone.

However, there are two differences between experimental
and clinical cluster solutions. In clinical pain, AU6_7 on its
own formed a discrete cluster (approximately 40%), which
we did not find in experimental pain. It is difficult to ex-
plain, why other AUs did not co-occur more reliably in the
presence of narrowed eyes. It might be that clinical patients”
long experience with pain resulted in an exclusive expres-
sion of the sensory dimension of pain and a fading of the
affective dimension (Blais et al., 2019; Kunz, Lautenbacher,
et al., 2012). Such a hypothesis of a divergence of sensory
and affective components over time has to be tested in future
longitudinal studies. The second difference is that the pattern
lifting eyebrows (AU1_2) only occurred during experimen-
tal pain. AU1_2 is one of the principal facial movements in
Ekman and Friesen's prototype of surprise, which may have
been evoked by the sudden onset and varying intensity of our
experimental heat pain.

In summary, AU6_7 appears to be the stable uniform
backbone of the facial expression of pain, which combines

with other key facial responses (AU9/10, AU4, AU25/26/27
and AU43) in both clinical and experimental pain. In accord
with earlier studies, the basic frequency of all these other
key facial responses was rather low, which does not allow
for classifying them as pain indicative when observed alone,
although their frequencies are still reliably higher than those
of completely pain-irrelevant AUs (Kunz et al., 2019).

43 | Potential determinants of facial activity
cluster membership

The different patterns of facial expressions of clinical pain
were stable across time and relatively stable within individu-
als. However, we did not find among our demographic and
pain variables (age, gender, intensity of acute pain, pain med-
ication, duration, intensity and disability of shoulder pain or
pain catastrophizing) any association with our facial activity
patterns. This does not imply that it is generally impossible to
identify in future studies variables of influence on the facial
expression of pain, which help to predict cluster membership.

The stability of clusters across time and within individuals
suggests that a given individual mainly expresses pain consis-
tently in the same manner.

4.4 | Implications for the clinical and
computational training of search algorithms

It is both a clinical and computational task to address how
to best train a professional (Kunz & Lautenbacher, 2015;
Rash et al., 2019; Solomon & Prkachin, 1997) or a com-
puter (Asgarian et al., 2019; Ashraf et al., 2009; Hammal
& Cohn, 2018; Kunz et al., 2017; Littlewort et al., 2009;
Werner et al., 2016) to recognize pain. Our results advo-
cate a hierarchical approach with only two steps, which
aims at best possible diagnostic precision combined with
high diagnostic economy: First, look for narrowed eyes
(AU6/7). Second, if AU6/7 is present, look for further in-
ter-individually varying facial signs of pain like furrowed
brows (AU4), wrinkled nose (AU9/10), opened mouth
(AU25/26/27) or closing of the eyes (AU43). If such fur-
ther signs are present, the likelihood of the existence of
pain has increased, which establishes pain as very good hy-
pothesis; if not, further tests or additional information are
favourable. However, if AU6/7 remains the only facial re-
sponse, pain can still be a good hypothesis. If at the starting
point, no or other AUs are present but pain is nevertheless
very likely, further tests are advisable.

The clinical and computational training protocols devel-
oped so far have rarely considered inter-individual variants
of facial expression of pain (e.g. Hassan et al., 2019). The
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four active combinations of AUs found both for experimen-
tal and clinical pain appeared to be stable enough to serve
as training target for learning inter-individually different
facial expressions of pain in future trials. Even if individu-
als sometimes change their habitual expression over several
pain episodes, they appear to switch between the identified
clusters and not between any variations, keeping such train-
ings useful.

4.5 | Limitations

Participants were volunteers who self-identified as having a
significant problem with shoulder pain. Although the major-
ity reported specific diagnoses, it is possible that diagnoses
were not all accurate. Moreover, given the self-identification
of pain, this might not be a standardized patient group which
limits application to other patient groups. However, the sam-
ple was ethnically diverse and broadly representative of the
urban regions in Canada; diagnoses and treatments were
quite typical for physiotherapy clinics. Furthermore, pain
scores suggest that the pain and disability of our sample were
clinically significant.

Although it is already a Herculean effort to assess 129
pain patients twice during clinical provocation conditions
and to FACS code their video-taped facial expressions, the
number of cases is limited for cluster analyses, potentially
causing instability. Thus, more subjects suffering from the
same type of clinical pain would have been favourable but
have remained out of reach.

We z-transformed the facial responses before entering
them into the cluster analyses to highlight the relative con-
tribution of certain AUs to the individual expression. The
consequence of this was that in expressive subjects clearly
visible AUs remained underemphasized, whereas in non-
expressive subjects barely visible AUs became overempha-
sized. However, omitting the z-transformation would have
resulted in clusters merely reflecting different inter-individ-
ual degrees of facial expressiveness.

5 | CONCLUSION

We aimed at identifying inter-individual variants in the facial
expression of clinical acute pain as we did in an earlier study
on experimental acute pain (Kunz & Lautenbacher, 2014).
For note, we studied patients with persisting shoulder pain
because of their vulnerability to arm and shoulder move-
ments, which allows us precisely triggering motion-induced
pain. Thus, we studied rather acute than chronic pain in our
understanding.

The facial responses during motion-induced pain could
be clustered into distinct expression patterns, namely, nar-
rowed eyes which are either displayed alone or in combi-
nation with opened mouth, or with wrinkled nose, or with
furrowed brows and closed eyes > 0.5s, These clusters are
similar to those derived earlier from experimental data.
These insights about the inter-individual variants may in-
form the training of professionals and computers how to
best recognize pain from facial videos. Large datasets of
such videos, based on different pain models, are urgently
needed to study the inter-individual variants and to repli-
cate the cluster solutions found in our present and previous
studies (Kunz & Lautenbacher, 2014).
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