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Abstract

Facial expressions of pain are not undefined gresduut they convey specific information
about the internal state of the individual in paWith this systematic review we aim to
answer the question of which facial movements &plalyed most consistently during pain.
We searched for studies that used the Facial A€ioding System (FACS) to analyze facial
activity during pain in adults, and that reportastinct facial responses (Action Units, AUS).
Twenty-seven studies using experimental pain andibal pain studies were included. We
synthesized the data by taking into consideratipariteria used to define whether an AU is
pain-related; (ii) types of pain; and (iii) the ecotive status of the individuals. When AUs
were selected as being pain-related based on e=paseline” increase, a consistent subset of
pain-related AUs emerged across studies: lowerimg lbrows (AU4), cheek raise/lid
tightening (AUs6_7), nose wrinkling/raising the epdip (AUs9_10) and opening of the
mouth (AUs25 26 27). This subset was found indepethygl of thecognitive status of the
individuals and was stable across clinical and erpntal pain with only one variation,
namely that eye closure (AU43) occurred more fratyeluring clinical pain. This subset of
pain-related facial responses seems to encodesiemtéal information about pain available in
the face. However, given that these pain-related At¢ most often not displayed all at once,
but are differently combined, healthcare-professi®nshould use a more individualized
approach, determining which pain-related facialpoeses an individual combines and
aggregates to express pain, instead of errone@aslyching for an uniform expression of

pain.

Keywords: facial expression of pain; facial paigpenses; Facial Action Coding System;

FACS; nonverbal communication



1. Introduction

The facial expression of pain has attracted conside interest in experimental and clinical
research based on an increasing awareness thgipbrés the communication of pain as a
second signal system besides the verbal one [4/id thus can be used as another indicator
of pain when self-report is missing (e.g. in pasewith dementia [40]). Right from the start
of research on facial expressions of pain, reseasdhnied to characterize how facial activity
during the experience of pain looks like. The wisivas to define a prototypical facial
expression of pain, similarly to prototypical fdcexpressions having been suggested for
different emotional states [6]. Groundbreaking aesle was conducted by Prkachin [51], who
analyzed in a sample of 41 healthy students, whacial responses are displayed consistently
across different types of experimental pain stimoha (pressure, temperature, electrical
current and ischemia). Facial responses were atlyzing the Facial Action Coding System
(FACS [8]), the gold-standard for facial expressiasearch. The FACS is a fine-grained,
objective and anatomically-based coding system ttifferentiates between 44 facial
movements (Action Units). Coders are trained tolampecific operational criteria to
determine the on- and offset as well as the intgrdithe AUs. Using the FACS, Prkachin
[51] suggested that there are four facial movemérdas are more steadily displayed across
experimental pain modalities than other AUs, namelyering the brows (AU4), cheek
raise/lid tightening (AUs6_7), nose wrinkling/raigithe upper lip (AUs9_10) and eye closure
longer than 0.5 s (AU43). Prkachin and Salomon fagther suggested that this set of facial
movements is not only indicative for experimentainpbut also for clinical pain. When
studying facial responses in a group of 129 shoutden patients undergoing a range of
painful movement exercises, the authors found tiratsame set of facial movements was

displayed as has been previously found for experiaigain [51]. Mainly based on these two



studies, this subset is regarded as presentingethheomponents of the facial expression of

pain [9,28,50].

Meanwhile, a substantial number of further studiage been conducted, investigating facial
expressions of pain in various groups of individué.g. young, old [31], patients with
depression [41], individuals with intellectual diddies [38]) and during various types of
pain conditions (low back pain [17], chest pain, [&perimental pain [19]). At least parts of
the above-described set of facial responses [51¢ ladéso been found to be associated with
pain in these further studies. Nevertheless, theralso considerable variability between
studies; with other facial movements also havingnb®und to be pain-related. For example,
“raising the chin” (AU17) [53] or even “oblique lipising” (AU12, smiling) [34,35] have
been recurrently found to occur while individuate axperiencing pain. Indeed, some studies
even include up to 17 AUs as a set of pain-assetiat)s [13]. One reason for the variability
between studies is the difference in how studidmel@ whether an AU is pain-related.
Overall, there are two main approaches. Approaah isrto define an AU as pain-related
when it occurs during pain above a critical frequemevel (frequency of occurrence”
criterion) which is often set to 5% (e.g. [16]). Approachotig to define an AU as pain-
related when it occurs (statistically) more fregyeduring pain compared to a non-painful
baseline condition or more frequently in pain patecompared to pain-free controls
(“pain>baseline” criterior) (e.g. [51]). Often, approach two is not conduab@dall possible
44 AUs of the FACS system, but instead, authorsappeoach two consecutively after having
used approach one to pre-select AUs that fulfil“thequency of occurrence’triterion and
then in a second step tHpain>baseline” criterion is used to define which of these pre-

selected AUs are really pain-related (e.g. [20]).



The aim of this systematic review article is to mk@e the question of which facial
movements are indeed pain-related by making usthefsubstantial humber of primary
studies that have analyzed facial responses dpairg Although it has been assumed that the
above described subset [51] does include the retestant pain-related facial movements, the
meanwhile substantial empirical evidence being lable has not yet been systematically
used to scrutinize this assumption. We do so aked tato consideration (i) the different
criteria used to define whether an AU is pain-edatMoreover, given repeated doubts about
the comparability of facial responses to clinicatl @xperimental pain, we also consider (ii)
different types of pain (clinical vs. experimenfain). Furthermore, given the increasing
awareness of how important facial expressions argéin assessment in individuals with
cognitive impairments (e.g. dementia [40]), we atsasider (iii) the cognitive status of the
individuals being examined. Given that FACS isninast often used and best operationalized
method to analyze facial expressions of pain, wetdid our review to those studies using
FACS, although other methods can also be utilizedssess facial communication of pain

(e.g. not FACS-based automatic systems, obsenaain scales).

2. Methods
The systematic review was performed following tReeferred reporting items for systematic

review and meta-analysis protocols” (PRISMA-P [46])

2.1. Search strategy and study selection

Literature SearchAn extensive search of literature published uigtil 2018 was conducted

using the databases PubMed and PsycINFO. We gesstrections with regard to the earliest
year of publication. In our search, we combinechvaitiogical AND keywords for pain (pain,

nociception; with a logical OR) with keywords facial expression (facial expression, facial



display, facial activity, facial expressivenesgijdhresponse, FACS; connected with a logical
OR). Given that we were interested in facial activityring pain in human adults, we
excluded the following keywords by setting a NOTalification: child, neonat*, animal.
Additionally, reference lists from identified afes as well as reviews [59] and book chapters
on facial expression of pain [4,23] were screerg@driissing articles. The systematic search
was limited to articles published in English or Gan.

Eligibility criteria: We selected only those studies (i) that analyaetlf responses using the
Facial Action Coding System, (ii) that provide rikswn single Action Units, (lii) that include

a minimum sample size of N=20, and (iv) that predd clear description of statistics. We
excluded non-original research, conference proogsdand doctoral theses. Two independent
reviewers (the authors DM and MK) screened thedithnd abstracts for the eligibility
criteria. We retrieved full texts of all studiesathwere potentially relevant or could not be
excluded based on the study title or abstractabeof discrepancies/disagreement between
the 2 reviewers, a third reviewer (author SL) wasstilted and discrepancies/disagreements

were resolved. The study selection process isairsglin Figure 1.

2.2. Information extraction

From each included study we extracted the followarigrmation:

» sample: patients or healthy participants, numbgraoficipants, age, sex, cognitive status
« type of pain: experimental pain (pressure, therelaktrical, othed, clinical pain

* FACS coding: duration of sampling, how many andohbAUs were FACS coded, AU

information being coded (intensity, frequency, diara apex)

! Precise search terms and combinations are avaftaiphethe authors upon request.

% Procedures like “blood sampling” or “injectionsere added to the experimental category, given that
the short invasive procedure shares more simgartt experimental pain induction than to clinical
pain states



» approach used to determine pain-related AUs: seteAUs as being pain-related based
on a “frequency of occurrence” criterion or on aaifp>baseline” criterion (see the
Introduction section for further explanation).

The information was extracted by one reviewer (@utbM) and documented in a data

extraction form. All the extracted data were indegently counter-checked by a second

reviewer (author MK). In order to control for bieaused by the inclusion of multiple reports
of the same study, authors were contacted in catese an overlap of the sample was
suspected and the duplicate sample was excludgd gehealthy control sample [29] was
greatly overlapping with the sample of another mattion [31] and was, thus only included
once). All ambiguities in data extraction (6% rewvee discrepancies) were double-checked

and resolved.

2.3. Assessing the quality of studies

To assess the quality of the studies and the fisgkas, we graded the studies based on the
following criteria (adopted from the Newcastle Gttocriteria [58]), which were (i) reported
gender distribution and age of the participantssfiecification of the type of pain and in case
of experimental pain on the pain induction procegii) specification of the video recording
(position of the camera, instruction for head posg), (iv) FACS coding (duration of video
samples, software used, type of Action Units beoded), (v) reliability of FACS coding and
(vi) the extent to which the study sample represéimé¢ true population under investigation
(e.g. with regard to gender, education, severity @umration of chronic pain). Each criterion
was judged as either “successfully fulfilled” (1partially fulfilled (0.5) or “not fulfilled” (0).

The total possible quality score was 6.0.



2.4. Analyses

Our main aim is to find out which AUs prove to bairprelated across studies. Given that
studies differ with regard to how they defined wiggtan AU is pain-related, we separately
report findings for (i)*frequency of occurrence” criterior{% occurrence during pain has to
surpass a certain threshold (often 5%)) and fdttl{e stricter criterion,pain > baseliné or
“pain patients > pain-free contrdlxomparisons (based on significant p-values or enaid
effect sizes), respectively. Moreover, given thegtality that facial responses to pain might
be affected by the “type of pain” being inducedfengnced or by the “cognitive status” of the
person, we compiled the AU findings separatelytf@se 2 domains. In some studies more
than one sample was investigated (e.g. patients @atmentia and healthy controls [1]). In
these cases, AU outcomes are reported separatedpdb sample (see Tables 1-3). Likewise,
if studies used different types of experimentalnp@.g. pressure and heat pain [20]), the

outcomes are also reported separately for eachotypain (see Tables 1-3).

AU findings are presented as descriptive frequestaystics.

3. Results

3.1. Characteristics of included studies

The initial literature search identified 2304 sesliwith 4 additional studies found through
manual searching of reference lists. The studycteleprocess is displayed in Figure 1. After
excluding duplicates and screening the remainirggratts and titles, 97 studies remained.
After reviewing the full texts of these remainingi@es, 60 articles were excluded. The
reasons for exclusion are listed in Figure 1. Adtthgr 37 articles were retained for analyses,
with 27 studies assessing facial responses duripgrenental pain (see Table 1) and 10
studies assessing facial responses during clipaad (see Table 2). Most of the included

studies (78%) reached a high quality scar®.0 out of 6.0) and the remaining studies (22%)



showed a good quality score (4.0 - <5 out of 6IBus, we are confident that the reported

outcomes are not biased by a lack of quality ofitickided studies.

Sample characteristicsAltogether, facial responses during pain were itigated in 2237
individuals. Most often experimental pain modelgaevesed to study facial responses. Indeed,
facial responses duringxperimental painvere assessed in 1578 individuals (847 females,
668 males (for 63 participants gender informatioaswnissing)). Facial responses during
clinical pain were assessed in 659 individuals (366 females, r28%s). Amongst the
experimental pain models, thermal heat pain was unsest often to elicit facial responses,
followed by pressure pain (see Table 1). The gewdsribution across studies was quite
balanced; with a slight tilt towards more femaletipgants (56% of the participants were

female).

FACS coding:With regard to the FACS coding, most studies cotlexd whole set of 44
Action Units (84%), with only a few studies limignthe FACS coding to a set of Action
Units that has previously been found to be assediaith pain (e.g. two studies [9,28] only
coded those AUs reported to be pain-related bydPikg51]). Moreover, in most studies AU
frequency (87%) and AU intensity (93%) were codeldereas only 25% of the studies coded
AU duration. Interestingly, coding of AU duratiorassmore common in clinical pain studies
(50% of clinical pain studies coded the duratioranfAU) and in experimental studies that
used somewhat longer stimulation times (>5 secontds)s, the duration of an AU was
supposed to hold more meaningful information whbee painful stimulus or the pain
experience is not limited to a few seconds. Fotysea purpose, most studies combined those
AUs that represent very similar facial movement® ione aggregate AU, namely AUl &
AU2 were combined into AU1_ 2, AU6 & AU7 into AU6_AU9 & AU10 into AU9 10 and

AU25 & AU26 & AU27 into AU25_26_27.



Definition of pain-related AUsAs mentioned above, the studies differ in thejprapch of
how to define whether an AU is pain-related or terall, five studies based their selection
of pain-related AUs solely on their “frequency afarrence” (see column “% occurrence” in
Table 1 and Table 2). As soon as an AU was displayenore than 5% (sometimes 1%) of
the painful segments (or of the participants), aisvelassified as pain-related. The majority of
studies (N=32) chose the more stricter criteriaamaly that an AU had to be displayed more
frequently during pain compared to a baseline dardior more frequently in pain patients
compared to healthy controls, respectively, to bwsen as pain-related (see column
“pain>baseline/ pain patients>controls” in Tablarid Table 2). To determine the fulfilment
of this criterion, T-Tests (p-values) or effecteiZCohen’s d) were computed and presented
comparing AU occurrences between pain vs. baselingain patients vs. healthy controls,
respectively. Interestingly, 23 out of these 32d&s used the stricter “pain>baseline/ pain
patients>controls” criterion as.a second step,r gte-selecting AUs which fulfilled the
“frequency of occurrence” criterion in a first stepd then computing which of these pre-
selected AUs are really pain-related based on thectes “pain>baseline/ pain

patients>controls” criterion.

3.2. Pain-related facial responses

To give a better overview on which AUs are foundb® pain-related across studies, we
calculated separately for each AU in how many ssidine given AU met the “frequency of
occurrence” criterion as well as the “pain>basélipain patients>pain-free controls”
criterion. These data are presented in Table 3.dDthe existing 44 AUs from the FACS
system, we only included those AUs in Table 3 thdfilled either the “frequency of
occurrence” criterion or the “pain>baseline”/“pagatients >pain-free controls” criterion in at

least one of the studies



3.2.1 Pain-related AUs: “frequency of occurrencetiterion

As can be seen in Tables 1 and 2 (column “% of weage”) as well as in Table 3a, selecting
AUs as pain-related based on their “frequency auaence” results in a large number of
AUs which meet this criterion.

Overall: Across all samples and across all types of paieretare 10 AUs which meet the
“frequency of occurrence” criterion in at least 5@¥%the studies, namely AUs 1 2, 4, 6_7,
9 10,12, 14,17,25 26 27, 43, 45 (see TableeBagdlumn).

Clinical pain: When looking at the outcomes separately for dihmain, the “frequency of
occurrence” criterion was applied to select paiategl AUs in only four studies. Across these
studies, the list of AUs meeting the “frequencyoturrence” criterion is quite extensive and
includes 12 AUs (see Table 3a).

Experimental pain:When looking at the outcomes for experimental paamadigms, the
“frequency of occurrence” criterion was applied3b samples/paradigms. When comparing
the overall experimental pain outcomes to the ocug® found for the different types of
experimental pain, it becomes apparent that there@ systematic variations. Similar lists of
AUs meet the “frequency of occurrence” criteriommross experimental heat, pressure and
electrical pain induction. The only difference seetn be that some of the lower face
movements (AU12 (lip corner pull), AU14 (dimple)daAUL17 (chin raise)) are observed in
fewer studies using pressure stimulation compamdthbse using heat or electrical
stimulation.

Clinical vs. experimental pairithere is a great overlap in AUs which meet thedtrency of
occurrence” criterion in at least 50% of the stadiesing clinical pain and those using
experimental pain (see Table 3a). The greateserdifices are that more lip movements

(AU18 (lip pucker), AU20 (lip stretch), AU24 (lipress)) are observed in clinical pain

10



conditions compared to experimental pain, and ¢leging of the eyes for longer than half a
second (AU 43) seems more prevalent in clinicah ganditions.

Cognitive status of the individuaComparing the AUs outcomes between individualg wi
and without cognitive impairments, it becomes appathat the AU percentage numbers tend
to be lower for individuals with cognitive impairmis (see Table 3a, right column). Only six
AUs meet the “frequency of occurrence” criterioraineast 50% of the studies that included
individuals with cognitive impairment (comparedtém AUs in individuals without cognitive

impairments).

3.2.2 Pain-related AUs: “pain > baseline’espectively “pain patients >pain-free controls”
criterion

As can be seen in Tables 3b, there are far fewes thbt meet this stricter criterion compared
to the “frequency of occurrence” criterion.

Overall: Across all samples and across all types of paret were only four AUs which
meet the “pain > baselin€riterion in at least 50% of studies/samples, ngmdls 4, 6 7,

9 10 and 25_26_27 (see Table 3b, left column).

Clinical pain: When looking at the outcomes separately for dihjgain, the list of AUs
which meet the “pain > baseline” criterion or thpalh patients > pain-free controls” criterion,
respectively is very comparable to the overall itsswith the addition of one AU, namely
closing of the eyes for longer than half a sec@id4_3).

Experimental painThe findings for experimental pain are also vessnparable to the overall
results. Moreover, the same AUs meet the “painseliae” criterion when applying heat and
pressure pain stimulation. Only the findings foeaglical pain seem to differ, with more
studies finding blinking (AU45) to be pain-relatedhich might be due to the sudden nature

of this type of experimental pain stimulation dlieg startle responses. In the “others”

11



category (e.g. venepuncture, injection), only th@ablower movement (AU4) is consistently
found to occur more often during pain comparedaseline.

Clinical vs. experimental painlVhen comparing outcomes for clinical vs. experitakpain,
there is only one difference, namely that closifighe eyes for longer than half a second
(AUA43) is found to be pain-related in 50% of thads¢és looking at clinical pain responses
whereas only 22% of the studies using experimeyaad find this facial movement to occur
more frequently during pain compared to baseline.

Cognitive status of the individuahs can be seen in Table 3b (right column), the sade
meet the,pain > baseline” criterion in more than half of tBeidies investigating facial

responses during pain in individuals with as welirathout cognitive impairments.

3.3. Summary

The stricter criterion “pain > baseline” resulteok only in smaller numbers of AUs to meet
this criterion, compared to the “frequency of ocence” criterion, but also in much more
consistent results. The same set of AUs provedetgdin-related in at least 50% of the
studies, regardless of observing facial responsemgdl clinical or experimental pain and

regardless of the cognitive status of the individheang observed. This subset is illustrated in
Figure 2 and is composed of lowering the brows (AWheek raise and lid tightening

(AUs6_7), nose wrinkling and raising the upper (fdJs9_10) and opening of the mouth

(AUs25 26 27). There is only one substantial vemmabetween clinical and experimental

pain conditions, namely that half of the studiesking at clinical pain conditions found that

individuals also show an increase in closing tleges for longer than half a second (AU43,

see Figure 2) when they are experiencing pain.

12



However, one has to keep in mind that this smdlkstiof pain-related AUs (see Figure 2)
does not occur consistently in all studies. As lbarseen in Table 3b, not one single AU is
found to be pain-related in all studies. Moreowren if a study finds an AU to be pain-
related on a group level, this does not mean thatyeindividual displayed this AU more

frequently during the experience of pain. Therefageen if Figure 2 suggests that the
combination of AUs is very stable and uniform, #atual combinations of pain-related AUs

vary substantially between individuals and acrqasagles [24].

4. Discussion

The aim of this article was to examine the questibwhich facial movements are indeed
indicative of pain by conducting a systematic revd the available empirical evidence.
Thirty-seven studies, investigating facial respendearing pain by use of the Facial Action
Coding System (FACS) and separately reporting ffigslion single Action Units (AUs), were
included. The findings on pain-related AUs weretkgrized across studies by taking into
consideration (i) the different criteria used tdie whether an AU is pain-related, (ii) the
different types of pain (clinical vs. experimengain) and (iii) the cognitive status of the

individuals being examined.

The role of criterion used to define whether a faal response is pain-related

Across the studies on facial responses during plagme are two main approaches used when
deciding which AUs to include as pain-related ia #nalyses. One approach is to include all
AUs that were displayed above a critical frequelesiel during pain. Another, more stricter
approach is to classify only those AUs as painteelahat were displayed more frequently or
more intensely during pain compared to a baselo&lition or observed in pain patients

compared to pain-free persons by using statisticakshold criteria (e.g. certain effect sizes),

13



which helps to define what “more” means. In thduded studies, the baseline condition was
most often a non-painful stimulation proceduredase of experimental pain stimulation), a
resting phase or a comparison with pain-free imttials (in case of clinical pain). Most often,
authors combined these approaches, classifying Abspain-related if they fulfil the
“frequency of occurrence” (step 1) and the “pairsddime” (step 2) criteria.

As this review demonstrates, selecting AUs as paleted only based on their “frequency of
occurrence” results in a rather large, fuzzy sultdeAUs that lacks consistency across
studies, across types of pain and across indivsdwéh and without cognitive impairments.
In contrast, when using the stricter criterion aw®dining AUs as pain-related only if they
increase in intensity or frequency during pain,&imsmaller and quite stable subset of facial
responses was found across studies. Most agreeavenall could be found for brow
lowering (AU4) and cheek raise & lid tightening (88 7). These facial movements were
found to increase during pain in around 80% of teeiewed studies. Similarly high
agreement across studies was also found for nos&lwg and raising the upper lip
(AUs9_10), with more than 70% of all studies finglthis facial movement to increase during
pain. The agreement for the facial movement “opgmhthe mouth” (AUs25 26 27) was a
bit lower, with approximately 60% of the studieading this movement to increase during
pain. To reverse perspective, even the most fredaeial signals of pain could not be found
in all studies. Thus, there is commonality betwstries but not to a perfect degree, which
also excludes the notion of a strict uniformityfadial expressions.

Given that the stricter criterion (pain>baseline$ulted in a much smaller and much more
consistent subset of facial responses, this styosgdjgests to always include a baseline or
control group condition when conducting researchammal responses to pain, especially in
those studies that look for group specific pattemgacial expressions of pain (e.g. patients

with migraine, patients with schizophrenia). Inchgl a baseline or control group allows



defining which facial responses are pain-indicatorethe given type of pain and for the given

sample of individuals being studied.

Clinical vs. experimental pain

This review corroborates previous assumptions, hartieat facial responses elicited by
experimental pain stimulation are very comparaldefdcial responses displayed during
clinical pain conditions [52]. Especially when apph the stricter criterion (pain>baseline) it
becomes apparent, that the core subset of paiteddiacial responses was similarly displayed
both during experimental and clinical pain condisoThere was only one variation, namely
with regard to closing of the eyes for longer theaif a second (AU43) (see also Figure 2).
Whereas half of clinical pain studies found thisidg&response to be pain-related, only 20% of
the studies using experimental pain corroboratesl fhus, closing of the eyes for longer
than half a second might be especially indicatmedinical pain, and, thus, for pain states
that might be of longer duration and of greateresiéy than experimental pain. In line with
this, closing of the eyes (AU43) is based on atgtiof the orbicularis oculi muscle, the same
muscle that underlies the pain-related cheek r&idel tightening (AU6_7) [8]. Whereas
contraction of the orbital part of the muscle resut AU6_7 (narrowing of the eye aperture),
activity of the palpebral part results in AU43 (qaete closing the eyes). Thus, in the context
of pain, AU43 might occur as an intensification AU6_7, signalling more severe or
prolonged levels of pain that are more likely imiclal pain than in experimental pain settings
[50].

With regard to differences between different typésexperimental pain, the most variance
occurred for electrical stimulation. Here, blinki(gU45) was found to increase during pain
in 75% of the studies. It seems likely that thidug to the sudden, startling nature of this type

of pain stimulation, resulting in more startle respes (the blink component of the startle-



reflex [39]) compared to other types of pain. Thwben being interested in relevant facial
responses during clinically ongoing pain, choosamgexperimental pain protocol that uses
electrical pain induction methods seems less i{ledh the exception of cases with attack-

like clinical pain).

The role of cognitive status

One major reason for the increased interest irafaesponses during pain is the notion that
facial responses could serve as a substitute ftoegmirt in individuals who are not capable to
provide pain self-report due to cognitive impairnseji2,40]. However, in order to use facial
responses to assess pain in individuals with cvgnitnpairments, one must first investigate
whether the facial encoding of pain might be allatae to the cognitive impairment. For this
review, we could include nine studies investigafimgal responses in individuals with
cognitive impairments. The cognitive impairment waasstly due to dementia-related
cognitive decline in samples of older individualsli4,15,29,32,36,45]. Across all nine
studies, the same subset of facial responses ptovsa pain-related (pain>baseline) in the
majority of studies as was found for cognitivelyrapaired individuals. Thus, this review
gives clear evidence that the type of facial resperbeing displayed during pain is unaffected
by the cognitive status of the individual (see a&ggure 2). This is in line with those studies
which directly compared facial responses to paiwben individuals with and without
dementia [1,29,36]. In all three studies, the argliound that individuals with dementia
display the same AUs in response to experimentalgianulation as individuals without
dementia do. Even those individuals with more adedrstages of dementia, who were not
able to provide a self-report of pain, displayeel $ame subset of pain-related facial responses

[36]. The only difference found between groups et individuals with dementia displayed



this subset of pain-related facial responses nmemsely or more vigorously compared to

individuals without dementia [1,29,36].

Comparing the findings to the “prototypical facial expression of pain”

As stated in the introduction, Prkachin and collessggcould show in two studies that there is a
core subset of pain-related facial responses, wdichrs across clinical and different types of
experimental pain [51,52] and which has sometingenlyeferred to as the prototypical facial
expression of pain [9,26,56]. Comparing this prgpatal facial expression of pain to the
subset of AUs that showed to be pain-related |aast half of the included studies of this
review, it becomes apparent that the findings arg ecomparable. As demonstrated in Figure
2, three facial movements (brow lowering (AU4); ekeaise & lid tightening (AUs6_7);

nose wrinkling and raising the upper lip (AUs9_1@8re found to be pain-related in the
majority of the included studies. These three fati@vements are identical to the core
movements of the facial expression of pain as tepgdsy Prkachin and colleagues [51,52].
However, there is also at least one crucial diverfjading. Whereas Prkachin and colleagues
did not include the opening of the mouth (AUs25 28 in the subset of pain-related facial
responses, our findings clearly suggest that tlugement is one of the key facial movements
because it was found to increase or become mayadre when individuals are experiencing
pain. Both during experimental and clinical pairteaist half of the studies found “mouth
opening” to be pain related. Opening the mouthraupain could be a preparatory movement
for pain vocalizations (“ouch”, “ooh”, “aah”). Bad@n this review, opening of the mouth
should be included in the subset of pain-relatethfaesponses. Another variation between
the present review and Prkachins’ findings is thed of the key movements of pain described

by Prkachin and colleagues, namely closing of ffes éor longer than half a second (AU43),

only proved to be pain-related in clinical pain ditions.



Variability despite a core subset

To avoid any erroneous ideas of a strong uniforwiitiacial expressions of pain, which
might be suggested by postulating a core subdac responses to pain, the following
arguments have to be considered. The facial resgarfshe core subset are more often
displayed during pain than other facial responsesasie more frequently displayed during
pain compared to baseline conditions but theyaré&dm being consistently displayed
during each pain episode in each individual. Indesakt often individuals do not show the
whole subset of pain-related facial responses velx@eriencing pain but may only display a
single facial movement or combine two or threeheint [24]. One reason for this variability
between individuals is due to people varying inrtdegree to which they facially express
pain, with expressive vs. stoic variants. We ldarmhibit the facial display of negative
affective states, including pain, following diffetesocial display rules [4], which in turn
results into individually different learning histes. The degree to which we inhibit the facial
expression of pain is — besides this learning hystalso dependent on intra-individual factors
(e.g. familiarity of social situations [19]) as Wwas on further inter-individual factors (e.g.
general ability to inhibit automatic motor movenge[it8]); these factors can differentially
affect the various facial muscles; with upper faaescles being more under automatic motor

control compared to lower face muscles [54].

This intra- and inter-individual variability of fead expressions of pain does not contradict the
assumption of a core subset of facial responsesgipain given that this core subset
provides a limited number of facial signals chagdstic of pain, which can be individually

and situationally combined and aggregated.



What does the recognition of variability mean flmnical practice, when relying on facial
expression to assess pain in non-verbal individ{gats individuals with dementia)? It is

crucial that healthcare professionals become athatdacial expressions of pain vary
between individuals and situations. Thus, when shmgpan observational pain scale to assess
pain in non-verbal individuals, which is clinicallye necessary alternative to the time-
consuming manual application of FACS, one shoulwbsk a scale that does not only include
the general description of a prototypical facigh@ssion of pain but instead include separate
specific facial items that cover the facial signeiaracteristic of pain (e.g. PACSLAC [8],

PAIC-15 [42]).

Moreover, given that these facial signals are ndy tspecific to pain states, but also occur in
other emotional states, the risk of false posipae judgements is quite high. Indeed none of
the 4-5 pain-related facial movements is exclugivelated to pain. The greatest overlap to
other emotional states can be found with the faotpressions of disgust (sharing brow
lowering (AU4), cheek raise & lid tightening (AUsE) and nose wrinkling & raising the
upper lip (AUs9 _10) [8, 33]) and anger (sharingenbsow lowering (AU4), cheek raise & lid
tightening (AUs6_7) [8]. This overlapping facialggtomenology makes the consideration of
the combination and aggregation of single facigihals necessary for successful distinction
of emotional and pain states. Furthermore, therghtiens of facial expressions in clinical
settings do not occur in isolation but are embeddedcontext, which favors the assumption
of certain emotional and pain states relative beerd. In addition the facial expression is
accompanied by other types of state-indicative Wehs (e.g. body posture, vocalizations),
the consideration of which surely helps to imprtwe specificity of observations. The final
perspective is the use of multi-sensor data rengrdith the facial responses being amongst
the key variables as basis of automatic pain retiognwhich can be individualized by

machine learning algorithms [37,55].



Strengths and weaknesses

The review included studies with varying sampleesjzdifferent sample characteristics,
different intensities and different types of pailifferent social settings, different stimulation
protocols and different protocols for FACS codifipese variations have surely affected the
outcomes (e.g. depending on the social settingyiohghls tend to more or less inhibit their
facial expression of pain [19,21]) and make itidifft to directly compare the studies. This
high heterogeneity between studies at first glawes one of the main reasons why we
decided to “only” conduct a systematic review iast®f also performing a meta-analysis. In
order to compile data into a meta-analysis the detee to fulfil stricter homogeneity
requirements. Our aim was to give a first broad @dprehensive overview of the empirical
evidence on facial responses during pain withoungoeonstrained to the methodological
requirements of meta-analyses. The next step wbaldo perform a meta-analysis on a
homogenous subgroup of the included studies.dbisworthy, that despite the heterogeneity
in methodology between studies, a quite stableetutispain-related facial responses was
found across studies.

However, the results are limited to the measurero&facial expressions by the Facial Action
Coding System and it is not clear that other methoduld produce the same results. Even
though FACS is the gold-standard and the most widsked method in facial expression
research, this method does have several limitatidesides the enormous time effort it takes
to train somebody in FACS coding (approximately hOperforming the FACS coding itself
is also very time consuming, thus, limiting its fuseess for clinical practice. Moreover,
although FACS coding is generally viewed as ancilye description of facial activity (given
its anatomical base) [8], it is based on humannuelgts and thus, has elements of subjectivity
in it, despite of intra-rater reliability valuesibg quite high (usually above 0.8). Furthermore,

given that FACS coding is based on observable mewssnin the face, more subtle facial



activity remains unnoticed. The FACS coding is disuted in its possibility to capture the
complex dynamics of temporal patterns in facialregpions. Some of these limitations can be
overcome by alternative methods to analyse facigressions of pain. Using surface
electromyography (EMG), for example, allows to asseven very subtle changes in facial
muscle activity. However, EMG performs poorly comgzhto FACS coding with regard to
pinpointing the exact location of the facial musatgivity, given that it captures activity from
neighbouring muscles [57]. More recent progressomputer vision technology has led to the
development of automatic analyses of facial exjpoass which are partially based on AU
detection and partially use other forms of facia@pming. These approaches seem to promise
an objective assessment of facial expressions iof p@wever, they are more affected by
illumination conditions, variation in head poseioes in face mapping, wrinkles in the face,
etc. compared to manual FACS coding [37]. Therefdhey cannot be used as valid
alternatives (clinically or experimentally) for titieme being but they hold great promise for
the future, asking for further interdisciplinary operation between medicine, nurses,
psychology, engineers and computer sciences. Tésept review may help to inform the
necessary classification algorithms for pain redogm by providing knowledge about the

critical elements of pain-relevant facial responses

Conclusion

When reviewing the research on facial responsgaito (based on FACS coding), our semi-
guantitative analyses revealed that there is a Ismdiset of facial responses that is
consistently found to be associated with pain. @wsrating previous findings, this subset is
unaffected by the cognitive status of the individaiad is very comparable between clinical
and experimental pain states. However, despite stable subset of pain-related facial

responses, one has to keep in mind that this sulusst not represent one uniform facial



expression of pain that can - at all time and ichaadividual - be observed in the presence of
pain [24]. Instead this subset of pain-relateddiacesponses seems to convey — as already
stated by Prkachin [51] — “the bulk of informati@bout pain that is available in facial
expression” but not a uniform facial expression p#in. Thus, both for clinical and
experimental pain assessment a more individualggaioach should be preferred, which
allows for determining the pain-related facial m@sges an individual combines and
aggregates to express pain instead of erroneoealgling for an uniform expression of pain

in each sufferer's face.
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Figures

Figure 1: PRISMA flow chart

Figure 2: Pain-related facial responses
lllustration of those facial responses that proteele pain-related based on the
“pain>baseline” criterion in at least half of tmeluded studies.



Tables

Table 1: Summary of studies included in the systematicengthat investigated pain-related Action units (Adscurring duringlinical pain

study sample pain FACS coding AU analyses AUsfound to be pain-related
patient group N age sex duratio coded AU basdline defining pain-related % occurrence pain>baseline or
in fim n AUs coding AUs pain patients>controls
years
Craig etal. | low back pain | 120 | 42.7 | 60/60 | motion 8x 6s 44 fr /lappex | resting 1% occurrence during | 1,2,4,6,7,10,12,17,1 4,6,7,10,25,43
[3] exercise AUs zain 8,20,25,26,43,45
pain>baseline (p<0.005
Dalton et al. | chest pain 28 65.4 | 10/18| physical | 6x 10s | 44 fr none prediction of true 4,24,25
[5] examinati AUs /duration myocardial infarction
on
Hadjistavrop | post-surgical | 82 | 73.1 | 54/28 | motion 3x1 44 frfin/ less painful| 5% occurrence during | 1,2,4,6,12,17,18, | 2,4,12,17,24,26,43
oulos et al. | pain (knee exercise | min AUs duration | procedure | pain 20, 24,25,26,43,45
[13] replacement) & _ _
pain>baseline (p<0.05)
Hadjistavrop | elderly 58 76.6 | 28/30| motion 6x 1-2 17 fr /in less painful| pain>baseline (p<0.05) 6 7
oulos et al. | (cognitively exercise | min AUs* procedure
[14] imp_aired)
patients
undergoing
physiotherapy
Hadjistavrop | cognitively 52 | 75.5 | 36/16 | physio- 1x5min | 6 AUs* | fr/in resting pain>baseline (p<0.05) 4.6 7,9 10
oulos et al. | healthy therapy
[9] dementia 48 | 82.5 | 33/15 | examinati 4,6_7,9_10
on
Hill & Craig | low back pain | 40 32.6 17/23| mation 2x 10s 44 frfin/ resting 5% occurrence during | 1 2,4,6 7,9 10,12,| 4,9 10,25 26 27
[17] exercise AUs duration pain 14,
& _ 17,19,24,25/6/27,34
pain>baseline (p<0.05) 42.43,44,45
LeResche & | temporomandil 28 | 30.0 | 28/0 | clinical 8x 120 | 44 fr/in/ none frequent occurrence 4,6_7,9,10,20,25/24
Dworkin pular disorder examinati AUs duration during pain , 43/45
[43] on
Prkachin & | shoulder pain| 24 | 36.2 10/14| motion 14x 5s 14 fr /in none patients>controls 4,6,7,26,41,43
Mercer [50] exercise AUs* (p<0.05)
Prkachin & | shoulder pain | 129 | 42.2 | 66/63 | motion 32x 11 in unaffected | affected>unaffected 4,6 7,9 10,12,20,
Solomon exercise | >5g AUs* body side | side (p<0.05) 25 26 27,43




[52]

Rahu et al.
[53]

critically ill
intubated
patients

50

53.2

24/26

endo-
tracheal
suctioning

1x 30s

44 AUs

fr fin/
duration

resting

pain>baseline (p<0.05)

1,2,4,6,7,9,17,25,
43,45

"the authors selected AUs based on previous pulolitathat found a certain set of AUs to be paiatesl

fr = coding AU frequency; in = coding AU intensity
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Table 2: Summary of studies included in the syatenmeview that appliedxperimental pain to study pain-related Action Units (AUS)

study sample pain FACS coding FACS analyses AUsfound to be pain-related
age .
group N ing fS/?nX nygfgﬂﬁ number Odnuratl CX(EJGS éf‘)tj”ng basdine Defining pain-related AUs % occurrence pain>baseline
years
Beach et al. healthy 33 78.5 | 21/12 5% occurrence during pairl 1246 79 10, | 4,6 7
[1] pressure 8x 55 44 fr fin non-painful 2 9p 25_26_27,45
patients: 35 74.4 25/10 8x5s AUs stimulation ain>baseline (0.35) 124,679 10, 4,6 7,9 10,
dementia P ) 25_26_27,45 25_26_27
Craig & healthy 72 18.7 | 72/0 temp. (cold 5x10s| 44 fr/in/ non-painful | 5% occurrence during pain 6_7, 10, 12, 25,
Patrick [2] pressor) max. AUs appex stimulation | & 26/27, 43/45
6min pain>baseline (p<0.05)
Hadjista- patients: 26 78.2  14/12 injection 1x 10s 44 fr /in no- 5% occurrence during pain 4,5,6,7,10,17,18,
vropoulos et frail elderly AUs stimulation 20,27,43,44,45,50
al. [10]
Hadjista- patients: 59 73.0 | 29/30 | blood sampling 1x5s | 44 fr /in no- 5% occurrence during pairl 1,4,7,17,45 4,17
vropoulos et | (cognitively procedure AUs stimulation | &
al. [15] impaired) pain>baseline (p<0.05)
elderly
inpatients
Hampton et healthy 142 20.8 96/46 temp. (heat) 10x 8s 41 fr /in non-painful 5% occurrence during pain 1,2,4,6,7,9,10,12,
al. [16] 10x 26s AUs stimulation 14,17,23,24,25,
26,43,45
Karmann et healthy 126 | 39.9 | 63/63 | temp. (heat) 10x 5s | 44 fr /in non-painful | 5% occurrence during pain 1_2,4,6 7,9 10,12 4,6 7,9 10,18,
al. [19] 10x 5s AUs stimulation | & ,14,17,18, 23, 25 26 27
pain>baseline (d0.5) 25 26 27
Karmann et healthy 49 22.2 24/25 temp. (heat) 10x 7s 44 fr /in non-painful 5% occurrence during pain 1 2,4,6 7,9 10,12 4,6 7,9 10
al. [18] 10x 7s AUs stimulation & ,14,17,25_26_27
pain>baseline (d0.5)
Karmann et healthy 35 25.6 | 20/15 | temp. (heat) 3x12s| 44 fr /in non-painful | 5% occurrence during pain temp.:1_2,4,6_7, | temp.: 1_2,4,6 7,
al. [20] 3x >10s AUs stimulation | & 9 10,12,14,17,24,| 9_10
pain>baseline (d0.5) 25 26 27,28,43
pressure aAx 7s pressure: 1 2,4, | pressure: 4,6 7,
4x 5s 6_7,9 10,12,14, | 910,25 26 27,4
25 26 27,43 3
Kunz et al. healthy 40 24.0 20/20 pressure 20x 5s 44 fr /in non-painful 5% occurrence during pain pressure: 1_2,4,  pressure: 4,6_7,
[30] 20x 5s AUs stimulation & 6_7,9 10,12,17, 9 10,12
pain>baseline (p<0.05) 25 26 27,45
electric. 10x Ims  10x 5s electrical: 1_2,4, electrical:

6 7,9 10,12,14,17

12,6 7,9 10,12,




,25_26_27,45 25 26_27,45
Kunz et al. healthy 40 24.8 20/20| temp. (heat) 3x 6 AUs | in/ non-painful | pain>baseline (p <.05) 46 7
[28] 3x 10min 10min | (Prkac | duration | stimulation
hin
1992)
Kunz et al. patients: 42 76.7  22/20 pressure 20x5s 44 fr /in non-painful 5% occurrence during pain 1_2,46 7,9 10,17 1 2,46 7,9 10,1
[36] dementia 20x 5s AUs stimulation & ,25 26 27,45 7,25 26 27
pain>baseline (d0.5)
Kunz et al. healthy 44 21.8 22/22| temp. (heat) 8x 5s 44 fr /in non-painful | 5% occurrence during pain 1_2,4,6 7,9 10,12 4,6 _7,9 10,12,
[25] 8x 5s AUs stimulation | & , 25 26 27,43
pain>baseline (d0.5) 14,25_26_27,43,4
5
Kunz et al. healthy 61 72.3  48/13 pressure 20 x 44 fr /in non-painful 5% occurrence during pain pressure:1 2,4, pressure: 4,
[31] 20x 5s 5s AUs stimulation & 6_7,9 10,25 26 2 6_7,9 10
pain>baseline (d0.5) 7,45
electric. electrical: 1_2,4, electrical: 6_7,
10x 1ms 10x 5s 6_7,9 10,12,14,17 9 10,45
,25_26_27,45
Kunz et al. patients: 35 75.7 17/18 | electric. 12x 5s| 44 fr /in non-painful | 5% occurrence during pain 1_2,4,6_7,9 10,17 6_7,9_ 10,45
[29] dementia 12x 1ms AUs stimulation | & ,25 26_27,45
pain>baseline (d0.5)
Kunz et al. patients: 42 742 28/14  electric. 12x 5s 44 fr/in non-painful 5% occurrence during pain 1 _2,4,6 7,9 10,17 6 7,9 10,45
[32] mild 12x 1ms AUs stimulation & ,25 26 27,45
cognitive pain>baseline (d0.5)
impairment
Kunz et al. healthy 34 23.4 18/16| temp. (heat) 8x 7s 44 fr /in non-painful | 5% occurrence during pain 4,6_7,9 10,14, 4,6 7,9 10,14,
[26] 8x 5s AUs stimulation | & 25 26_27,43,45 | 25_26_27,43
pain>baseline (d0.5)
Kunz et al. healthy 42 28.9 22/20 1246 712,14,
[27] temp. (heat) 4x 44 in/ 0 . . : 25_26_27,43
congenitally | 21 | 315 | 11/10 ] 4x 6min 6min | AUs | duration | "ON€ 1% duration during pain - 13 2%67,12,
blind 25 26_27,43
Kunz et al. healthy 60 22.9 30/30 ' temp. (heat) 10x5s 44 fr /in non-painful 5% occurrence during pain 1_2,4,6_7,9 10, 4,6_7,9 10,
[33] 10x 5s AUs stimulation & 12,14,25_26_27 25_26_27
pain>baseline (d0.5)
Kunz et al. healthy 127 | 36.3 | 60/67 | temp. (heat) 10x 5s | 44 fr /in non-painful | 5% occurrence during pain 1 2,46 7,9 10, | 4,6 _7,9 10,12,
[22] 10x 5s AUs stimulation | & 14,17,18,24, 25 26 27
pain>baseline (d0.5) 25 26 27,45
LaChapelle et intellectual 40 49.6 11 29 injection 1x10s 44 fr/in no- 5% occurrence during pain 2,4,6_7,8,12,17, 4,17
al. [38] disabilities AUs stimulation & 25 26 27,45

pain>baseline (p<0.05)




Lautenbacher | healthy 23 1246 79 10, | 4,6 _7,9 10,23,
etal. [41] . 5% occurrence during pain D2, = B3
338 12/11 temp. (heat) 8x 44 fr /i non-painful 2 25_26_27
patients: 23 ’ 8x 5s 5sec  AUs stimulation ain>baseline (c0.5) 12467910, 4,6 7,9 10,17,18,
depression P ’ 12,14,17,18,24, 25 26 27
25 26 27,43
Limbrecht- healthy 87 41.0 43/44|  temp. (heat) 4x 44 fr /in non-painful | 5% occurrence during pain, 4,10,25,26,43,45 4,10,25,26
Ecklundt et al. 80x 4s 5.5s AUs stimulation | pain>baseline (p<0.05)
[44]
Lints- patients: 63 appro ?/? pressure 2x15s 44 fr /in no- 25% occurrence & pressure: 4,7,25, pressure: 4,7,25,
Martindale et dementia X. 15 x 5s AUs stimulation _pain>baseline 26,43,45 26,43
al. [45] (and healthy 78.0 electric electrical: 4,7,26, electrical: 4,7,26,
controls) 15x 5s 43,45 43,45
Patrick et al. healthy 30 28.0 30/0 electric. 15x 3s| 44 fr non-painful | 10% occurrence during 4,6,10,45
[47 15x 0.05s AUs stimulation | pain
&
pain>baseline (p<0.05)
N &8 S 20 10% occurrence during g—i’;’lg—f?’ 18
Priebe et al. temp (heat) 3x20s 44 in/ pain = o oo
[48] : 3x 20s /1x 5s /1x 5s | AUs duration | "°"€ 25 29 20
patients: 23 67.1 3/ 20 4,6 7,9 10,14,
Parkinson 25 26 27,43
Prkachin [49]  healthy 60 23.1 30/30 electric. 12x 6s 44 frin non-painful 1% occurrence during pain 1,2,4,5,6 7, 4,6_7,9 10, 12,
12 x 3s AUs stimulation & 9 10,12,14,17,18, 25_26 27,
pain>baseline (p<0.05) 20,23,24, 41/42/43
25 _26_27,
41/42/43
Prkachin [51] | healthy 41 | 20.3 21 20 | electric 1x: 3s, 4x 6- 44 duration | no- 1% occurrence during pair] across all types of | electrical: 4,6_7,
pressure 1x 3 10s AUs /in stimulation | & pain: 9 10,12
min, pain>baseline (p<0.05) 1,2,4,6,7,9,10,12,1 pressure:
temp (cold) 4,17,24,25,26,38,4 6_7,9 10
1X 3 min, 1,43,45 temp: 6_7,9 10

ischemialx 15
min

ischemia: 6_7

temp = temperature stimulation; elec = electritiahglation; fr = coding AU frequency; in = codindAintensity



Table 3: Pain-related facial responses

Overview of how often an AU was found to be pailated across the included studies basedrderion (a) its “frequency of occurrence”
during pain andriterion (b) whether it occurred more frequently/intensely dgnpain compared to a baseline condition, usingteésscal
threshold criterion like effect size or T-testseNalues indicate the percentage of studies intwéarcAU proved pain-related. In case a study
included different samples and/or different typepain, the results are reported separately, angl this study is counted more than once.

(a) criterion: frequency of occurence
Action Units overall . .
(all samples & all type of pain cognitive status
types of pain) clinical pain experimental experimental pain unimpaired impaired
pain heat pressure | €electrical | others#

AU name N:39 N=4 N=35 N=16 N=8 N=7 N=4 N=31 N=7
12 innerfouter brow 82% 75% 83% 81% | 88% | 86% | 75% 84% 71%
4 Brow lower 100% 100% 100% 100% | 100% 100% | 100% 100% 100%
5 Upper lid raise 5% 0% 6% 0% 0% 14% 25% 7% 0%
67 ff;ﬁ‘;'r‘] raise/lid 97% 100% 97% 94% | 100% | 100% | 100% | 97% 100%
9 10 ﬂgseervﬁgﬁg'i‘;g 82% 75% 83% 88% | 88% | 86% | 50% 90% 57%
12 Lip corner pull 56% 75% 54% 63% 38% 57% 50% 68% 0%
14 Dimpler 56% 25% 60% 88% 25% 57% 25% 71% 0%
17 Chin raise 62% 75% 60% 56% 38% 86% 75% 65% 43%
18 Lip pucker 21% 50% 17% 25% 0% 14% 25% 26% 0%
20 Lip stretch 13% 75% 6% 0% 0% 14% 25% 16% 0%
23 Lip tightener 10% 0% 11% 19% 0% 14% 0% 13% 0%
24 Lip press 28% 50% 26% 31% 13% 29% 25% 36% 0%
25 26 27 | Opening of the 97% 100% 97% | 100% | 100% | 100% | 75% | 100% 86%
43 Eyes close 51% 100% 46% 50% 38% 43% | 50% 58% 29%
45* Blink 100% 100% 100% 100% | 100% 100% | 100% 100% 100%




(b) criterion: pain > basdline

Action Units

Overall

I s & all type of pain cognitive status
all samples & a
( types gf pain) clinical pain experimental experimental pain unimpaired impaired
pain heat pressure | electrical | others#

_aab N=12" | N=8 N=8 N=3
AU name N=37"/42 N=6*710 | N=32%33 |13 N=28%"/32 N=9
12 Innerfouter brow 14% 33% 10% 8% | 13% | 13% | 0% 14% 13%
4 Brow lower 79% 90% 75% 85% 88% 50% 67% 81% 67%
5 Upper lid raise 0% 0% 0% 0% 0% 0% 0% 0% 0%
6.7 o oo 86% 70% 91% | 92% | 100% | 100% | 33% 88% 89%
9.10 edriane 74% 60% 78% | 92% | 75% | 88% | 0% 81% 56%
12 Lip corner pull 23% 25% 23% 25% 13% 38% 0% 30% 0%
14 Dimpler 3% 0% 3% 8% 0% 0% 0% 4% 0%
17 Chin raise 16% 33% 13% 8% 13% 0% 47% 11% 25%
18 Lip pucker 5% 0% 7% 17% 0% 0% 0% 7% 0%
20 Lip stretch 3% 13% 0% 0% 0% 0% 0% 3% 0%
23 Lip tightener 3% 0% 3% 8% 0% 0% 0% 4% 0%
24 Lip press 5% 13% 0% 0% 0% 0% 0% 3% 0%
25 26 27 | Openingofthe 59% 88% 52% | 75% | 50% | 38% | 0% 63% 50%
43 Eyes close 29% 50% 22% 23% 25% 25% 0% 31% 22%
45+ Blink 22% 17% 23% 8% 0% 75% 0% 18% 38%

Grey shaded fields indicate that this Action Unififled the criteria in 50% of the studies.
°AU 1_2, AU5, AU14, AU17, AU18, AU23, AU45 were NGfbded in 2 studies [50,52]

AU 1_2, AU5, AU12, AU14, AU17, AU18, AU20, AU23, A4, AU45 were NOT coded in 2 study [9,28]
* specifications about whether AU 45 was codedairare not always clear, thus values for AU45 aneapproximation

# the experimental pain category “others” referpriacedures like venipuncture and injection




)

Eligibility Screening Identification

Included

Records identified through
database searching

(n= 2304 )

Additionalrecords identified
through other sources
(n=14}

Recordsafter duplicatesremoved
[n=2285 )

}

Recordsscreened
(title and/or abstract)

(n=2884 }
!

Full-text articles assessed
for eligibility

¥

Records excluded
(n= 2787 )

(n=97)

}

Studiesincludedin
qualitative synthesis
(n=37)

|

' v

Full-text articles excluded
(n=160)
*No genuine pain: (n=36)
*No FACS coding: (n=5)
*Nosingle Action Units being
reported: (n=19)

Experimental pain (n=27)

Clinical pain: (n=10)




Neutral expression Pain expression

AU 9 10

AU 25 26 27

Pain-relevant facial responses
Consisten component AU4 + AU6 7 +AU9 10+ AU25 26 27

Experimental Clinical Cognifively Cognitively
pain pain unimpaired impaired

+AU 43
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