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Abstract: Facial expression is a key aspect in observational scales developed to improve pain assessment in individuals with cognitive impairments. Although these scales are used internationally in
individuals with different types of cognitive impairments, it is not known whether observing facial
expressions of pain might differ between regions or between different types of cognitive impairments.
In a pilot study, facial responses to standardized experimental pressure pain were assessed among
individuals with different types of cognitive impairments (dementia, mild cognitive impairment,
Huntington’s disease, and intellectual disability) from different countries (Denmark, Germany, Italy,
Israel, and Spain) and were analyzed using facial descriptors from the PAIC scale (Pain Assessment
in Impaired Cognition). We found high inter-rater reliability between observers from different
countries. Moreover, facial responses to pain did not differ between individuals with dementia from
different countries (Denmark, Germany, and Spain). However, the type of cognitive impairment
had a significant impact; with individuals with intellectual disability (all being from Israel) showing
the strongest facial responses. Our pilot data suggest that the country of origin does not strongly
affect how pain is facially expressed or how facial responses are being scored. However, the type
of cognitive impairment showed a clear effect in our pilot study, with elevated facial responses in
individuals with intellectual disability.
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1. Introduction
Assessing pain in individuals with cognitive impairments can be quite challenging,
given that the ability to provide a valid self-report of pain can be limited and deteriorates
across the course of cognitive decline [1–3]. As a result, pain is often overlooked in individuals with cognitive impairments and, thus, remains undertreated [4]. To improve
this situation, observational pain scales that rely on non-verbal indicators, such as facial
expression, to assess pain have been developed [2,5,6]. One of these scales is the PAIC
scale (“Pain Assessment in Individuals with Cognitive impairment”), which was recently
developed under international consensus out of an EU-COST collaboration between researchers from different disciplines (e.g., medicine, nursing, physiotherapy, psychology,
and neuroscience) and from different European regions with different languages, ethnicity,
and culture [7–9]. The aim was to develop an internationally agreed-upon tool to assess
pain, which is culturally and linguistically robust, for individuals with cognitive impairment by selecting items out of existing observational scales and critically re-assessing their
suitability to detect pain. Within the category of facial responses (facial responses are the
most prominent non-verbal pain behaviors), 15 facial descriptors were identified that had
been frequently used to assess pain states in individuals with cognitive impairments [9,10].
When intending to use observational pain scales—such as the PAIC—to assess pain
reliably and validly in individuals with cognitive impairments, the question arises whether
this is possible regardless of the region where the assessment takes place or regardless
of the type of cognitive impairment of the individual being assessed. It is possible that
cultural aspects might influence not only how pain is facially expressed but also how these
facial expressions are judged by observers [11,12]. Within the communications model of
pain [13,14], these two aspects, namely the facial expression of pain on the one hand and the
judgment of the facial expressions by observers on the other hand, are conceptualized as
the encoding and decoding of pain, respectively. As culture, ethnic, and linguistic aspects
may shape the individual’s responses and believes towards pain [15,16], these aspects
could influence the facial encoding as well as the decoding process of pain. Moreover,
facial responses to pain (encoding) might also differ between individuals with different
types of cognitive impairments.
How culture and type of cognitive impairment affect the facial encoding and decoding
of pain have not been systematically investigated so far. With the present study, we aim to
do so by (i) investigating whether observational pain assessment might differ between various European countries, not all sharing the same culture, ethnicity, and language [17,18],
and (ii) between different types of cognitive impairments. To this aim, a standardized experimental pain protocol was developed and applied in different European countries (north,
central, and south) and in one western Asian country (Israel); and in individuals with
different types of cognitive impairments (neurodegenerative and developmental disorders).
Facial responses of individuals from these different countries and these different types of
cognitive impairments to the experimental pain (encoding) were videotaped, and observers
from different countries assessed the pain responses using the facial descriptors from the
PAIC scale (decoding). Given that this is only a pilot comparison study, country differences
in facial encoding were only realized between the countries Denmark, Germany, and Spain,
given that only in these three countries a common cognitive impairment (dementia) was
investigated. With regard to the comparison between types of cognitive impairments,
individuals with certain types of cognitive impairments sometimes only stemmed from
one country in this pilot attempt; thus, the type-of-cognitive-impairment comparison is
confounded by country in our study.
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2. Materials and Methods
A standardized experimental pain protocol (pressure pain) was carried out in five
different research sites in four European countries (i.e., Denmark, Germany, Italy, and
Spain) and in one western Asian country (Israel), including individuals with varying types
and degrees of cognitive impairments (i.e., neurodegenerative disorders: mild cognitive
impairment, dementia, and Huntington’s disease; developmental disorder: intellectual
disability; and cognitively healthy controls). During pressure stimulation, the faces of the
participants were videotaped, and afterward, observers rated the facial responses displayed
by the participants using the facial descriptors of the PAIC scale [9].
2.1. Participants
In total, 102 individuals with varying types of cognitive impairments and 82 cognitively healthy controls participated in the study (see Table 1). Recruitment was carried out
in five countries, namely in Denmark, Germany, Israel, Italy, and Spain. In Denmark, Germany, and Spain, older individuals with mild cognitive impairments (MCI) or dementia,
and age-matched cognitively healthy individuals were recruited (given the participating
centers’ health care expertise in the field of pain and dementia). In Israel, individuals with
intellectual disabilities were recruited (given the participating health care center’s expertise
in the field of pain and intellectual disability). In Italy, individuals with Huntington’s
disease were recruited (given the participating health care center’s expertise in the field
of pain and Huntington’s disease). We excluded individuals with Parkinson’s disease,
schizophrenia, and stroke patients with facial impairments, as these conditions could
impair facial responses. Moreover, the degree of cognitive impairment was mostly only
mild to moderate so that verbal report could be assessed in the majority of participants (see
% missing ratings in Table 1). Demographic information on all participants is displayed
in Table 1. Ethics approval was obtained for each of the five centers separately, consistent
with local procedures, at the local ethics committee. Written informed consent from the
participants and/or (when appropriate) from a legal guardian (e.g., family) was obtained
for all participants.
Table 1. Demographic data of the observers as well as of the participants.
Countries
Germany

Denmark

Israel

Spain

Italy

Observers
N

1

2*

2

2

2

Mean Age

23.0

23.5

25.5

23.0

37.5

Sex (female/male)

1/0

1/1

2/0

2/0

2/0

Participants
Diagnosis

controls

Dementia

controls

MCI

Dementia

ID

HD

Controls

N

19

6

44

18

18

27

13

19

Dementia
20

Mean Age (SD)

73.6 (5.7)

67.2 (9.6)

71.1 (3.9)

73.3 (5.3)

74.1 (5.1)

35.3 (6.2)

58.8 (10.4.)

65.0 (4.5)

78.0 (6.8)

Sex (female/male)

13/6

4/2

23/21

10/8

11/7

13/14

7/6

16/3

13/7

Self-report ratings (mean (SD)) **
50

0.6 (0.7)

0.8 (1.5)

1.1 (0.2)

1.2 (0.3)

1.1 (0.3)

1.4 (1.6)

0.0 (0.0)

0.6 (0.6)

1.4 (2.7)

200

4.5 (2.4)

3.1 (2.3)

1.9 (0.8)

1.9 (0.7)

2.2 (0.8)

2.6 (1.7)

0.0 (0.0)

2.8 (1.8)

2.1 (3.2)

400

6.3 (2.7)

6.2 (3.1)

3.1 (0.7)

3.3 (0.8)

3.4 (0.9)

3.0 (1.5)

0.0 (0.0)

5.1 (2.6)

3.9 (3.9)

% missing ratings

0%

0%

0%

0%

10%

7%

0%

0%

6%

Abbreviations: MCI = mild cognitive impairment; IDD = Intellectual and developmental disability; HD = Huntington’s disease. * Both
German observers scored all videos from all countries, the other observers only scored the videos from their own country. ** different
rating scales were used across countries: Denmark and Spain = Numerical rating scale (0–10); Germany and Italy = verbal category scale
(0–5); Israel = Pyramid scale (0–5).

Experimental pain testing: For experimental pain induction, pressure stimuli of
varying intensities were used that were applied by a hand-held pressure algometer with a
probe area of 1 cm2 [Somedic (Hörby, Sweden) or Fisher (Wagner Pain Test, Greenwich, CT,
USA)]. Following established protocols, three different pressure intensities were used (50,
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200, and 400 kPa) that have been shown to elicit “no pain”, “slight”, and “moderate pain”
sensations, respectively [19–22]. Pressure stimuli were applied to the midpoint of the upper
border of the trapezius muscle (back shoulder area) in ascending order. An ascending order
was chosen for three reasons: (1) to reduce anxiety in participants, (2) avoid carry-over
effects, and (3) to be able to immediately stop the stimulation protocol if the stimulation
was too painful (this did not occur in the present sample). Stimuli were applied to the
right and left shoulder, thus resulting in 2 (left and right) × 3 (intensities) = 6 pressure
stimuli. The pressure was increased steadily for 2 s until the desired intensity was reached
and was then kept constant for another 5 s. To ensure that the experimental pain testing
was conducted similarly across sites, the stimulation protocol was trained in a combined
session where representatives from all sites participated, who later trained additional
experimenters if necessary. Moreover, a written testing protocol was handed out to all
experimenters detailing the experimental procedure. No more than two experimenters per
site conducted the testing.
The faces of the participants were videotaped during the whole stimulation, allowing
a frontal view of the face. The start of each pressure stimulation was verbally indicated.
Immediately after each stimulus, participants were asked to rate the pain sensation. Per
site, different rating scales were used, depending on the type of patients being investigated
or depending on the standard protocol of that site, respectively. In Germany and Italy, a
five-category verbal rating scale (no pain, mild pain, moderate pain, strong pain, and very
strong pain) was used. In Denmark and Spain, a numerical rating scale (0–10) was used,
and in Israel, a Pyramid scale (0–5) was used. If participants could not provide a rating,
the investigator recorded this event and applied the next stimulus.
2.2. Observers
Each research site where the experimental pain testing was conducted, recruited at
least one observer who rated the videos recorded in that research site. Table 1 gives an
overview of the observers’ characteristic separately for each research site/country.
There were two observers (Germany) who did not only rate the videos of their own
research site, but rated all videos included in this study (videos of all the 184 participants).
They served as a kind of a “gold standard”, because the German research site has had a
long-standing expertise in facial pain decoding, and therefore, has become the reference
center in the present study. Thus, all observers’ ratings from other countries could be
compared with the German ratings to assess inter-rater-reliability across countries. The
German raters were blind to observer ratings from the other countries.
Rating of the video recording: Observers were asked to rate the videos using 15 facial
descriptors of pain (part of the research version of the PAIC scale). As described in detail
before [9,10], these 15 facial descriptors were selected from established observational pain
assessment tools for people with dementia. These 15 facial descriptors are listed in Table 2.
Facial descriptors were scored on a four-point category scale, describing how well the
descriptor item coincided with the facial response of the videotaped individual (not at all,
slight degree, moderate degree, and great degree). The PAIC tool has been translated into
eight languages (www.PAIC15.com, accessed date: 1 November 2021), so that the scoring
was mostly carried out in the native language of the country (German, Italian, and Spanish),
with the exception of Israel and Denmark, where the original English version of the PAIC
scale was used (a validated Danish version has become available in the meantime).
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Table 2. Step 1 (item selection): Facial descriptor frequency and reliability.
Facial Descriptor
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Pained expression
Frowning
Narrowing eyes
Closing eyes
Raising upper lip
Opened mouth
Thightened lips
Clenched teeth
Empty gaze
Seeming disinterested
Pale face
Teary eyed
Looking tense
Looking sad
Looking frightened

Frequency (%) *

ICC **

31
34
31
20
27
33
22
10
11
6
5
6
21
7
8

0.74
0.58
0.70
0.60
0.29
0.78
0.33
0.45
-

* Frequency of scoring the facial descriptor across all types of cognitive impairment and all countries, (decoding
of 400 kPa pressure pain responses); ** ICC of the scores of German observer 1 and German observer 2 (decoding
of 400 kPa pressure pain responses).

The observers watched the video of a participant, and after each pressure stimulus,
the video was paused to allow the observers to provide their ratings using the 15 facial
descriptors of pain (each video was only watched once). Altogether, the observer rated
facial responses to six pressure stimuli per observed person. Ratings were carried out using
paper sheets of the PAIC.
2.3. Statistics
The statistical analyses were carried out in three steps.
Step 1: Pre-analyses—item selection: In order to narrow down the number of facial
descriptors for further analyses (comparisons between countries and between types of
cognitive impairments) to those items that are best suitable to assess pain in the present
context, we excluded items based on floor effects and poor reliability.
The floor effect was defined as facial descriptors scored in less than 15% of the responses to the strongest pressure stimuli, namely 400 kPa. Given that this pressure intensity
is known to elicit painful sensations in most individuals, items that are rarely observed
during this noxious stimulus, do not seem suitable to assess pain in our context. We defined
an item as being observed if it was scored with a number >0. All observer ratings (from all
countries) were used for this analysis.
Poor reliability of an item was based on the agreement (ICC; two-way random-effects
model) of the two observers from Germany who rated all videos. For the reliability analyses,
we again focused on the responses to the 400 kPa pressure stimuli, given that this was
the highest pain intensity that elicited most facial responses, and thus, provided enough
variance to conduct ICC analyses. Poor reliability was defined as facial descriptors with an
intraclass correlation coefficient (ICC) less than 0.4 [23].
Only if an item survived both exclusion criteria (“floor effect” and “poor ICC”), it was
included in the next step.
Step 2: Differences between observers (decoding of pain): To investigate whether the
scoring of the facial descriptors differs between observers from different countries, we (i)
conducted inter-rater reliability between the German observers (given that these rated all
videos, and served as “gold standard”) and observers from the other countries (who only
rated the videos recorded in their own country) and (ii) conducted t-tests to compare the
magnitude of the scores between “gold standard” observers and observers from the other
countries. We again focused on the responses to the 400 kPa pressure stimuli (sum score of
the selected facial descriptors from step 1), given that this was the highest pain intensity
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that elicited most facial responses. Per country, scores were averaged across observers from
that country.
Step 3: Differences between observed participants (encoding of pain): To investigate
whether pain responses differ between observed participants from (a) different countries (in
case of individuals with dementia) and between (b) different types of cognitive impairment,
analyses of variance with repeated measurements (50, 200, 400 kPa) were conducted
with the between-subject factor (a) “country” and (b) “type of cognitive impairment”,
respectively. As dependent variables, the sum score of the selected facial descriptors (see
step 1) was used and scores of different observers (both within and across countries) were
averaged. In case of significant findings, the single facial descriptors were compared
between “country” and “type of cognitive impairment, respectively, in post-hoc analyses
to see whether differences were due to certain types of facial responses.
Analyses were conducted with SPSS 26, and the alpha was set to 0.05.
3. Results
3.1. Step 1: Pre-Analyses—Item Selection
Table 2 shows the frequency scores of the 15 facial descriptors based on all observer
ratings of facial responses to 400 kPa. As can be seen, seven items were only rarely observed
(<15%), and thus, they are not indicative for pain in the present context and were, therefore,
excluded from further analyses. The ICC scores for the remaining facial descriptors (based
on the German observers who rated all videos) are also listed in Table 2. For six of the
remaining facial descriptors, at least moderate reliability scores were found (ICC > 0.4),
and these items (items 1, 2, 3, 4, 6, 13) were retained for further analyses (see step 2 and
step 3). For these analyses, the scores of the remaining facial descriptors were summed up
to form a SUM-score of facial responses. This selection outcome, namely retaining six out
of 15 items, is very comparable to previous attempts [7].
3.2. Step 2: Differences between Observers (Decoding of Pain)
Given that only the German observers rated all videos, we always compared the
German observer ratings (“gold standard”) with the observer ratings from the other
countries. For this step, we focused on the SUM-scores of facial responses to the highest
pressure intensity (400 kPa). The reliability scores (ICC) between observers from different
countries were excellent, as can be seen in Figure 1 (right side), with minor variations
between countries. Moreover, observers from different countries also reached comparable
SUM-scores when judging the facial responses (see the left side of Figure 1). Scores of the
German observers did not differ significantly from the scores of observers from the other
countries (see Figure 1), with only one exception. This exception occurred between German
and Israel observers, with Israel observers rating the facial responses slightly higher than
the German observers (T(68) = −2.03; p = 0.047).
It is also remarkable in Figure 1 that the SUM-scores for the ID participants from Israel
are much higher than those of all other groups, a finding which will be addressed in the
next section.
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patients and observers from a Nordic (Denmark), a western central (Germany), and two
European Mediterranean countries (Italy and Spain) as well as from one western Asian
country (Israel).
Our pilot data suggest that cross-regional differences might be negligible for the
decoding process of rating facial responses to pain. This was indicated by high inter-rater
reliability scores between observers from Germany (who scored all videos using the PAIC
facial descriptors and who served as kind of a “gold standard”, given the expertise of the
center in facial expression decoding) and the observers from the other countries. Besides
looking at classical inter-rater reliability, we also compared the overall observational scores
between German observers and the observers from the other countries using T-tests in
order to investigate whether the magnitude of the scores might differ between countries.
We found that the German observers scored the magnitudes of facial responses very
similarly to the observers from the other countries. Thus, even the magnitude of scoring
the various facial descriptors was very stable despite including very different regions across
Europe. The only significant difference we found was between the German observers and
the observers from Israel. Observers from Israel reached slightly higher observational
scores compared to the German observers. When computing the effect size for this group
difference, only a small effect occurred (Cohens’ d = 0.25). Thus, even this cross-regional
difference seems negligible.
Regarding regional differences in the facial encoding process of pain, we compared
facial descriptor sum scores of individuals with dementia from three different countries
(north, central and south of Europe). Only individuals suffering from dementia could be
compared between countries because the other types of cognitive impairment (ID and
HD) were only assessed within one country. We found very comparable facial responses
across experimental pressure intensities in individuals with dementia that did not differ
significantly between the three countries. Thus, our pilot data suggest that facial encoding
of pain in individuals with dementia does not seem to be markedly influenced by regional
differences between different European countries. This finding might seem surprising,
given that cultural differences have been shown to play a role in facial expressions [26–28],
which are due to culture-specific display rules, which regulate how we express emotions
and pain. However, recent findings have suggested that the influence of learned social
display declines in individuals with dementia [29]. Along with the neurodegenerative
decline of frontal structures, the socially learned regulation of facial responses to pain
seems to diminish in dementia [22] and, as a consequence, individuals with dementia seem
to facially express pain more “unfiltered” compared to cognitively healthy controls. Thus, it
is possible that cross-cultural differences in facial encoding of pain are of less relevance—as
indicated by our data—in individuals with dementia, who increasingly lose their social
regulation of behavior.
4.2. Facial Encoding of Pain: Differences between Different Types of Cognitive Impairments
Most observational pain assessment scales have been developed for older individuals
with dementia [2]. This is also true for the PAIC scale, with the psychometrical testing
being primarily conducted in large samples of individuals with dementia [7,8]. However,
cognitive impairments hampering the self-report of pain and, therefore, requiring observational pain assessment scales also occur in other types of cognitive impairment [30].
Nevertheless, direct comparisons of non-verbal pain behaviors between individuals with
different types of cognitive impairments is missing so far. Given that we used the same
standardized experimental pain protocol, we were able to directly compare the elicited
facial responses between different types and different degrees of cognitive impairments
(MCI, dementia, ID, HD, and cognitively healthy controls). We found that in all groups,
pain-indicative facial responses increased across pressure pain intensities. Thus, the facial
descriptors of the PAIC scale seem to validly mirror different pain intensities, regardless of
the type or degree of cognitive impairment. Moreover, most groups showed comparable
degrees of facial responses, with one exception: individuals with ID (all being from Israel)
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were facially significantly more responsive than all other groups. To investigate whether
this increase was due to an overall increase in facial responses or rather to an increase
in certain facial descriptors, we also compared single facial descriptors between groups.
Interestingly, especially the more anatomical descriptors, such as “narrowing the eyes”,
“closing of the eyes”, and “opening of the mouth”, were markedly increased in this group.
Interestingly, the aforementioned facial descriptors have also proven to be indicative of
clinical pain [31]. Thus, it is not unspecific grimacing or simply a subjective expression of
pain that led to increased scores but an increase in pain-specific facial muscle movements.
One might question whether this increase in facial responses to pain in individuals with
ID might really be due to the type of cognitive impairment and not simply be an age
effect, given that this group was markedly younger than the rest of the sample. However,
previous studies could show that the strength of facial responses to pain does not change
with age [32]. Moreover, Defrin and colleagues recently showed that pain responses in
individuals with ID are much elevated when compared to cognitively healthy age-matched
controls [33] (this study was also conducted in Israel). Thus, it is very unlikely that the
found group difference in the present study can simply be explained by age differences
or by the county of origin. However, what might be the reason for the elevated facial
responses in individuals with ID? We can only speculate at this point. Referring to the
above mentioned socially learned display rules, it is thinkable that never having learned
these display rules renders individuals with ID to be facially much more expressive and
unfiltered compared to older individuals with cognitive impairments, who have learned
to down-regulate their facial expressions in the past (even though this learned regulation
might decline).
4.3. Limitations
We have to acknowledge that this is only a pilot study, with sample sizes often being
very small, which limits the generalizability of our data. Although we tried to compare observational pain assessment between patients and observers from geographically different
European regions, we cannot claim that we have captured and analyzed all the possible
heterogeneity that is present in this part of the world. Our approach was a first pilot
attempt and should be broadened to different regions in the world. Moreover, we did not
systematically assess the ethnic and cultural background of the participants, and thus, we
cannot exclude that some participants in each country differed in their cultural background.
Furthermore, even though we used a standardized pain protocol developed and practiced
at a combined meeting, there was some heterogeneity between studies with regard to the
type of rating scales used (e.g., Israel being the only country using a Pyramid rating scale)
and with regard to the language in which the PAIC was used (some countries used the
PAIC in their native language, whereas others used the original English version). In our
pilot approach, we could not recruit equal numbers of different diagnoses over different
countries, which does not allow us to directly compare country versus diagnosis effects.
Given that certain diagnoses were only assessed in one country, the comparison between
types of diagnosis is unfortunately confounded by the country of origin of the participants.
5. Conclusions
Our pilot study suggests that facial encoding and decoding of pain in individuals
with cognitive impairments seems very stable across various European regions and one
western Asian country, which seems to support the notion that pain speaks one common
facial language. This also supports up-to-date clinical research approaches to develop
observational pain scales for individuals with cognitive impairment that can be used
worldwide for different regions by supplying the necessary validated translations. For use
of observational scales in clinical practice, it is important to apply these scales in transfer
or during movement situations, given that here the probability of painful sensations that
elicit increased facial responses [34].
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