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Abstract

Aim: To identify specific facial expressions associated with pain behaviors using the
PainChek application in residents with dementia.

Design: This is a secondary analysis from a study exploring the feasibility of PainChek
to evaluate the effectiveness of a social robot (PARO) intervention on pain for resi-
dents with dementia from June to November 2021.

Methods: Participants experienced PARO individually five days per week for 15min
(once or twice) per day for three consecutive weeks. The PainChek app assessed each
resident's pain levels before and after each session. The association between nine facial
expressions and the adjusted PainChek scores was analyzed using a linear mixed model.
Results: A total of 1820 assessments were completed with 46 residents. Six facial
expressions were significantly associated with a higher adjusted PainChek score.
Horizontal mouth stretch showed the strongest association with the score, followed
by brow lowering parting lips, wrinkling of the nose, raising of the upper lip and clos-
ing eyes. However, the presence of cheek raising, tightening of eyelids and pulling at
the corner lip were not significantly associated with the score. Limitations of using the
PainChek app were identified.

Conclusion: Six specific facial expressions were associated with observational pain
scores in residents with dementia. Results indicate that automated real-time facial
analysis is a promising approach to assessing pain in people with dementia. However,
it requires further validation by human observers before it can be used for decision-
making in clinical practice.

Impact: Pain is common in people with dementia, while assessing pain is challeng-
ing in this group. This study generated new evidence of facial expressions of pain
in residents with dementia. Results will inform the development of valid artificial
intelligence-based algorithms that will support healthcare professionals in identifying
pain in people with dementia in clinical situations.

Reporting Method: The study adheres to the CONSORT reporting guidelines.
Patient or Public Contribution: One resident with dementia and two family members

of people with dementia were consulted and involved in the study design, where they
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1 | INTRODUCTION

Pain is frequently reported among older people; however, iden-
tifying and assessing pain in people with dementia is challenging.
Evidence shows that around 75% of residents with dementia living
in residential aged care facilities (RACFs) experience chronic pain
(Barry et al., 2016; Corbett et al., 2012; de Tommaso et al., 2016;
van Kooten et al., 2017). Due to a limited ability to verbalize their
pain experience, residents with dementia may express their pain
in various ways and with altered behaviors (Atee et al., 2020; Wei
et al., 2021). Impairments in memory and language impact the abil-
ity of people with dementia to communicate their pain and care
needs. Therefore, residents are in danger of silent suffering from
pain and being prescribed inappropriate medications, such as anti-
psychotics and sedatives, to manage their changed behaviors. This
treatment can result in delirium and an increased risk of death
(Scuteri et al., 2021).

Reliable pain recognition and assessment are essential for the
effective treatment of pain. Although self-reporting is the gold stan-
dard for pain assessment, it is challenging for people with dementia
as they become less verbally communicative. Therefore, observa-
tional pain tools have become more important. Behavioral pain as-
sessment tools typically focus on direct observation of pain-related
behaviors, i.e., facial expression, body posture, movement, vocaliza-
tion, etc., and may include changes in behaviors and functioning as
recommended by the American Geriatric Society (AGS) (AGS Panel
on Persistent Pain in Older Persons, 2002). Despite many available
observational pain assessment tools, healthcare professionals strug-
gle to accurately assess pain in people with dementia due to inade-
quate training, insufficient time, low staffing and high staff turnover
in the aged care sector (Knopp-Sihota et al., 2019). These challenges
have motivated the pursuit of automated systems to support care-

givers in automated pain assessment in people with dementia.

2 | BACKGROUND

There is strong evidence in the research literature that facial
expressions indicate pain in people with dementia (Kunz et al., 2019;
Lautenbacher et al., 2022). Commonly, pain-indicative expressions
include but are not limited to facial action units (AU) such as brow
lowering (AU4), cheek raise/lid tighten (AU6_7), nose wrinkle/lip
raise (AU9_10), opening of the mouth (AU25_26_27) and eye closure

provided advice on the protocol, information sheets and consent forms, and offered
valuable insights to ensure research quality and relevance.

Trial Registration: Australian and New Zealand Clinical Trials Registry number
(ACTRN12621000837820).

clinical trial, dementia, facial expressions, nursing, observational, pain, pain assessment

(AU 43) (Kunz et al., 2019). A recent laboratory study showed that
people with dementia have similar responses to pain pressure, and
more importantly, they have increased pain-related facial responses
to pain stimuli (Bunk et al., 2021). Moreover, facial pain expressions
could indicate experimental-induced acute pain among people
with dementia who could not articulate valid verbal pain ratings
(Kunz et al., 2007). The most important predictors of this type of
pain include “opened mouth,” “raising upper lip,” “frowning” and
“narrowing eyes,” which can differentiate between non-painful
and painful conditions in persons with dementia (Lautenbacher
et al., 2018). However, facial expressions of experimental-induced
pain experience differ from clinical chronic pain manifestation
(Lautenbacher & Kunz, 2017; Prajod et al., 2022). There is a lack of
research on the facial expressions of pain in people with dementia
in clinical situations. Furthermore, although fine-grain analysis using
the Facial Action Coding System is achievable in research, it may not
be feasible for clinical use in real-time because it is too time and
effort-consuming in coding (i.e., 1:100 for real-time: coding time
ratio) (Prkachin & Hammal, 2021). Therefore, advancements in
automated facial image and video analysis inspired the application of
these techniques to detect pain from facial expressions.

Automated assessment has already been developed and mar-
keted. For example, the recently developed PainChek smart device
application (www.painchek.com, PainChek Ltd, Sydney, Australia)
uses artificial intelligence (Al) and facial recognition technology to
identify facial expressions of pain. PainChek uses the in-built cam-
eras to record the individual's face with smart devices (e.g., tablets
or smartphones) and then detect nine pain-associated facial expres-
sions. Specifically, the smart device camera views the person's face
and conducts a 3-second video facial analysis of the images using
Al-driven facial recognition. It automatically recognizes and records
facial muscle movements indicative of pain. The assessor then uses
PainChek's guided checklist to observe and record pain-related be-
haviors, including vocalizations, movement, behaviors, activity, and
body language. Each feature is assessed in a binary way as being
observed (score=1) or not observed (score=0). Finally, PainChek
calculates an overall pain score and stores the result.

Promising findings have indicated the potential of PainChek in
identifying pain in people with dementia (Atee et al., 2018, 2022);
however, it is unclear which facial descriptors truly indicate pain
in people with dementia (Kunz et al., 2020). Moreover, the exist-
ing approaches to automated facial recognition of pain are pri-
marily based on limited young and healthy populations (Dildine &
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Atlas, 2019). They may not apply to older people with dementia, as
emotional blunting is particularly common in people with dementia
(Lautenbacher et al., 2022; Taati et al., 2019). Furthermore, there
is limited research on the facial expressions of pain in people with
dementia in clinical situations. As such, more research on the facial
expressions of pain from a clinical population with dementia experi-
encing pain is warranted. In summary, it is necessary to identify spe-
cific facial expressions indicative of pain in people with dementia.
This would also improve using automated facial recognition technol-

ogy for pain assessment in this population.

3 | THE STUDY
31 | Aim

This study aimed to identify the associations between nine pain-
related facial expressions measured by the PainChek app and
the adjusted observational pain scores (i.e., 33 indicators of pain
behaviors of vocalizations, movement, behaviors, activity and body
language) in residents with dementia and chronic pain living in

nursing homes.

4 | METHODS
4.1 | Study design and participants

This study was a secondary data analysis as part of a randomized
controlled trial, exploring the feasibility of the PainChek app in
assessing the effectiveness of a social robot (PARO) to manage
pain for people with dementia living in a RACF. The PARO is an
intelligent interactive social robot with the features of a baby
harp seal that can open and close its eyes, move its neck, front
and rear flippers and respond to people with dementia by making
a sound when it is being stroked or talked to. It can also show
negative emotions on undesired stimulation, such as when being
hit (Shibata et al., 2021).

Residents who met the following criteria were included in the
study: (1) aged 65years and over who can speak and understand
English, (2) diagnosed with some form of dementia, (3) assumed to
be experiencing chronic pain and receiving regular pain medications
or evaluated through proxy reports of pain by care staff, (4) the sen-
sation and perception to interact with PARO and (5) admitted in the
facility for more than 3months. Residents who had comorbidities
that required hospital admission frequently, had terminal ilinesses
receiving palliative care, major mental illnesses, infectious diseases
or had an open wound that could not be covered were excluded.

The facility coordinator assisted with identifying potential par-
ticipants based on the selection criteria. They obtained consent from
both potential participants and their legally authorized representa-
tives to facilitate communication with researchers via email or phone

calls. Subsequently, we reached out to individuals who expressed

interest in joining the study. Additionally, recruitment flyers and in-
vitation letters were distributed to further encourage participation
among potential participants.

Residents eligible to participate had experienced PARO (ro-
botic or non-robotic, i.e., without intelligence features) individually
five days per week for 15 mins (once or twice) per day for three
consecutive weeks. The 4-week intervention was shortened to a
3-week intervention due to restrictions on visiting aged care facil-
ities during the COVID-19 outbreak. The study protocol was regis-
tered with the Australian and New Zealand Clinical Trials Registry
database (ACTRN12621000837820) and previously published (Pu
etal., 2022).

4.2 | PainChek app

The PainChek app (Figure 1) facial domain includes nine facial
action units (AUs): brow lowering (AU4), cheek raising (AU6),
tightening of eyelids (AU7), wrinkling of the nose (AU9), raising
of the upper lip (AU10), pulling at corner lip (AU12), horizontal
mouth stretch (AU20), parting lips (AU25) and closing eyes (AU43).
After detecting the nine facial expressions, the assessor records
residents' changes in vocalizations, movement, behaviors, activity
and body language guided by a checklist. It takes around 5 min to
complete one assessment. The total score ranges from O to 42,
with each item scored as presence (1) or no (0). Four levels of pain
intensity are calculated as follows: 0-6=no pain, 7-11=mild pain,
12-15=moderate pain, and 16=severe pain (Atee et al., 2018).
Compared with the Abbey pain scale, the PainChek app shows good
internal consistency and concurrent validity (Atee et al., 2018).

4.3 | Training of the assessors

Research assistants with backgrounds in psychology used the
PainChek app to measure facial expressions and observational pain
levels in residents daily using iPads. First, they received 2 h of face-
to-face training on pain communication and interaction with people
with dementia. Then, they completed the PainChek tool online
training course (2 h) to familiarize themselves with the app and meet
the regulatory standards of quality and safety. Following training,
each received at least 30min of face-to-face individual coaching
from a nurse specialist in pain, dementia and the PainChek app.
This involved conducting PainChek assessments on residents at the

RACF to enhance their confidence in using the PainChek app.

4.4 | Data collection

The age, gender, medical diagnoses, marital status and Cultural and
Linguistic Diversity (CALD) background were retrieved from resi-
dents' medical files. Cognitive function was measured by the Mini-
Mental Status Examination (MMSE), where scores below 24 are
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FIGURE 1 PainChek app (Permission

for the image provided by Professor
Jeff Hughes, Chief Scientific Officer of
PainChek Ltd, Australia).
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commonly used to indicate possible cognitive impairment (Monroe
& Carter, 2012). Nurses recorded the observed pain levels with the
Abbey Pain Scale (APS) (Abbey et al., 2004). Neuropsychiatric symp-
toms were recorded with the Neuropsychiatric Inventory-Nursing
Home version (NPI-NH) (Wood et al., 2000). All the assessments
were undertaken by two trained research assistants with a health
background through structured interviews with residents, care staff
and nurses familiar with residents. In addition, psychotropic and an-
algesic drug use (dichotomized to present or absent) was recorded
from the electronic medication records.

4.5 | Data analysis
The Statistical Package for the Social Sciences (SPSS, version
27, IBM Corp. 2021) was used for data analyses. Background
information, including gender (male/female), medical diagnoses and
medication use, was described using frequency and percentage
(%). The continuous variables were assessed for normality using
the Kolmogorov-Smirnov test. The age, length of stay and MMSE
score showed a normal distribution (p>.05), but the nurse-observed
APS pain score and the NPI-NH score were not normally distributed
(p<.001). Therefore, the mean and standard deviation (SD) described
continuous variables with normal distribution, while the median and
interquartile range (IQR) described skewed distribution data.

A linear mixed model (LMM) was used to examine the relation-
ship between nine AUs and the adjusted observational pain scores

SAVE

(33 items of the behavioral pain indicators) to account for repeated,
continuous and correlated observations and accommodate missing
data.

The LMM examined the observational pain score as a continuous
outcome, with fixed effects (Type Ill sum of squares) of age, MMSE
score and NPI-NH score and with AUs treated as factors. Gender,
diagnosis of depression or anxiety, the use of analgesics or psy-
chotics and CALD background were also included as fixed effects.
The resident identifier was set as a random effect with a variance
components covariance matrix, and random intercepts in the model
accounted for the correlations of repeated measures within each
resident. A restricted maximum likelihood method of estimation was
selected with model fit assessed by Akaike's Information Criterion
(AIC), with a lower AIC indicating an improved model fit. Model
residuals were inspected with normal distribution. The results with
p-values below .05 were considered statistically significant.

4.6 | Ethics and informed consent

Griffith University Human Research Ethics Committee (reference
number: 2021/221) approved this study. The approval to conduct
the study was also received from the study site. For residents with
dementia, written informed consent was obtained from those identi-
fied by staff as having the capacity to provide informed consent or
their legally authorized representatives. We also obtained and re-
corded assent from participants before each session.
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5 | RESULTS
5.1 | Characteristics of the sample

The facility coordinator screened 160 residents, and 67 agreed to
participate in the study. Following the initial screening, 47 residents
met the inclusion and exclusion criteria. One resident declined to
use the PainChek app, resulting in the inclusion of 46 residents with
1820 pain assessments for the final analysis (Figure 2). There was
a large variation in the number of assessments per resident (range
1-64) as this related to different contexts (e.g., group allocation,
health conditions, dropouts). The mean (SD) age was 84.9 (6.8) years,
with most residents being female (71.7%). Among the residents, 16
(34.8%) were from CALD backgrounds, including China, Vietnam,
Singapore, Germany and Sweden. The mean (SD) MMSE score
was 12.1 (8.7). The most common pain-related conditions were
osteoarthritis (34/47, 72.3%) and other conditions, such as low back
and leg pain. Moreover, 37 (80%) participants were diagnosed with
depression and 17 (37.0%) with anxiety, respectively. Registered
nurses reported that 25 residents had mild, moderate or severe
pain, and the median (IQR) of the Abbey Pain Scale (total score 0-18;
higher scores indicate higher levels of pain) was 3.0 (5.0). Around
60% of participants were prescribed analgesics and at least one
psychotropic medication (Table 1).

Screen

5.2 | The relationship between facial
expressions and the adjusted observational pain score

Significant associations between six AUs and the adjusted
observational pain score were identified. Horizontal mouth stretch
(AU20) showed the strongest association with the observational
pain score (f=1.665; 95% Cl: 1.321-2.018), followed by brow
lowering (AU4, p=.755; 95% Cl: 0.472-1.038), parting lips (AU25,
p=.596; 95% Cl: 0.331-0.860), wrinkling of the nose (AU9, =.439;
95% Cl: 0.094-0.784), raising of the upper lip (AU10, p=.398; 95%
Cl: 0.1-0.696) and closing eyes (AU43, p=.326; 95% Cl: 0.113-
0.54). However, the presence of cheek raising (AU6), tightening of
eyelids (AU7) or pulling at the corner lip (AU12) did not significantly

associate with the score (Table 2).

5.3 | Other factors associated with the adjusted
observational pain score

As indicated in Table 2, gender was significantly associated with the
adjusted observational pain score. Females scored higher scores
than males ($=.385; 95% Cl: 0.182-0.588). Compared to English-
speaking residents, people from a CALD background had a higher
pain score ($=.293; 95% Cl: 0.103-0.484). Moreover, a diagnosis of
anxiety was positively associated with the pain score ($=.808; 95%
Cl: 0.626-0.990). Although the pain score increased with a higher
neuropsychiatric symptom ($=.008; 95% Cl: 0.004-0.012), the

Screened prior to eligibility
assessment (n = 160)

Excluded (n = 93)

> < No cognitive impairment (n = 74)
* No pain recorded (n = 16)
« Palliative care (n = 3)

h 4

l Enrollment I

Residents consented and screened (n = 67)

Excluded (n = 20)

* No cognitive impairment (n = 10)
* Hospitalised (n = 1)

* Respite care (n = 3)
* Recently admitted (n = 1)
« Palliative care (n = 3)

* Deceased (n = 2)

A

Included in the study (n = 47)

Refuse to use PainChek (n = 1)

A 4

FIGURE 2 Flowchart of participant
recruitment.

PainChek data for analysis (n = 46 with 1820 assessments)

85U801 7 SUoWLLOD SAIEeID 3|qedt(dde ay) Aq peuienob a2 ssjoie O ‘8sn 0 Sa|Nn. Joj Akeiq 18Ul IUO A8|IM UO (SUONIPUOD-PUE-SWSILIOY A8 | 1M AReIq 1 UIIUO//SANL) SUONIPUOD PUe WIS 1 8L 89S *[202/20/92] Uo AriqiTauliuo A8|iMm ‘A%iqi] AISBAIUN pUOg S80IN0say Uotewrioju| eBeue N Ag £909T UelTTTT 0T/I0p/wW00 A8 |1 Aeiq1jeuluo//sdny wolj pepeojumoq ‘0 '8y9zS9eT
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TABLE 1 Demographics and characteristics of participants.

Characteristics

Age (years), mean (SD)
Gender (female), n (%)
CALD background, n (%)
Cognitive function, MMSE score, mean (SD)
Length of stay (months), mean (SD)
Dementia type, n (%)
Alzheimer's disease
Vascular dementia
Mixed dementia
Frontotemporal dementia
Unspecified dementia
Marital status, n (%)
Married
Widowed
Divorced
Single
The sensory deficit, n (%)
Vision
Hearing
Vision & Hearing
Secure dementia unit, yes
Mobility, n (%)
Ambulatory
Ambulatory use assistive devices
Wheelchair
Bedridden
Pain-related diagnoses at baseline®
Osteoarthritis
Fracture/Fall/Injury
Back/shoulder/leg/hip pain
Other®
Nurse-rated pain intensity, n (%)
No pain
Mild pain
Moderate pain

Severe pain

Nurse-observed pain level, APS (0-18), median

(IQR)
NPI-NH total score (0-144), median (IQR)
Diagnosis with depression, yes
Diagnosis with anxiety, yes
Regular medications, n (%)
Analgesics (Paracetamol and/or opioids)
Psychotropics, using at least one drug
Antipsychotics

Anxiolytics

Participants,

(n=46)

84.9 (6.8)
3(71.7)
6(34.8)

12.1 (8.7

42.9 (31.0)

17 (37.0)
2(4.3)
2(4.3)
1(2.2)

24 (52.1)

8(17.4)
15 (32.6)

5(10.9)

3(6.5)

5(10.9)
27 (58.7)
7(15.2)
7(15.2)

7(80.4)
8(39.1)
7(15.2)
2(47.8)

21 (45.7%)

15 (32.6%)
7 (15.2%)
3(6.5%)

3.0(5.0)

9.0(18.0)
37(80.4)
17 (37.0)

TABLE 1 (Continued)

Participants,

Characteristics (n=46)
Antidepressants 10 (21.7)
Antiepileptic drugs 8(17.4)
Antidementia drugs 3(6.5)

Abbreviations: APS, Abbey Pain Scale; CALD, Culturally and
Linguistically Diverse; IQR, interquartile range; MMSE, Mini-Mental
Status Examination; NPI-NH, Neuropsychiatric Inventory Nursing
Home; SD, standard deviation.

@Each resident may have multiple pain-related diagnoses.

bOther including medical diagnoses of neuropathic pain, chronic pain,
urinary tract infection, etc.

result had little clinical impact. Age, MMSE score, depression and
medication use were not significantly related to the score.

6 | DISCUSSION

To our knowledge, this is the first clinical study we know of that
identified six specific facial expressions associated with observational
pain indicators in residents living with dementia and chronic pain
by controlling important confounding factors, such as age, gender,
ethnicity, medications, and medical comorbidities (e.g., depression
and anxiety), which were largely ignored in previous studies
(Anderson et al., 2021; Atee et al., 2022; Dildine & Atlas, 2019). Our
findings indicate the potential of artificial intelligence-enabled real-
time facial analysis as part of the pain assessment in people with
dementia.

In our study, three mouth-related facial expressions, includ-
ing horizontal mouth stretch (AU20), parting lips (AU25), raising of
the upper lip (AU10), two eye-related facial expressions, including
brow lowering (AU4) and closing eyes (AU43), and one nose-related
feature wrinkling of the nose (AU9) were found to be significantly
associated with a higher observational pain level. This aligns with
previous findings that opening the mouth, raising the upper lip,
frowning, and narrowing the eyes were the most important pain-
indicative predictors (Lautenbacher et al., 2018). Similarly, the EU-
COST initiative “Pain in impaired cognition, especially dementia”
group developed the Pain Assessment in Impaired Cognition (PAIC)
and selected four pain-related facial responses: frowning, narrow-
ing eyes, raising upper lips, and opening mouth (van Dalen-Kok
et al., 2018). Previous studies also reported that horizontal mouth
stretch (AU20) was the most predictive facial pain action in people
with dementia (Atee et al., 2022; Lautenbacher et al., 2018). These
results suggest the importance of mouth and eye-related features as
potential good facial markers of pain in dementia.

The associations between facial expressions and the obser-
vational pain score were independent of factors that may impact
the perception and behaviors of pain, such as age, gender, cultural
background, medication, and cognitive function. Consistent with
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TABLE 2 The relationship between
the presence of AUs and the adjusted

95% Cl lower

observational pain scores. Parameters Estimate g upper SE p Value
Intercept 5.987 4.546 7.428 0.735 <.001
AU4: Brow lowering, yes® 0.755 0.472 1.038 0.144 <.001
AU6: Cheek raising, yes® 0.025 -0.152 0.201 0.090 .784
AU7: Tightening of eyelids, yes® 0.022 -0.176 0.220 0.101 .830
AU9: Wrinkling of the nose, yes? 0.439 0.094 0.784 0.176 .013
AU10: Raising of the upper lip, yes? 0.398 0.100 0.696 0.152 .009
AU12: Pulling at the corner lip, yes®  -0.159 -0.333 0.015 0.089 .073
AU20: Horizontal mouth stretch, 1.665 1.312 2.018 0.180 <.001
yes?
AU25: Parting lips, yes® 0.596 0.331 0.860 0.135 <.001
AUA43: Closing eyes, yes® 0.326 0.113 0.540 0.109 .003
Age 0.004 -0.010 0.019 0.007 572
Gender, female® 0.385 0.182 0.588 0.104 <.001
CALD background, yes? 0.293 0.103 0.484 0.097 .003
Depression, yes® -0.230 -0.465 0.006 0.120 .056
Anxiety, yes® 0.808 0.626 0.990 0.093 <.001
NPI-NH score 0.008 0.004 0.012 0.002 <.001
MMSE score 0.003 -0.007 0.013 0.005 .563
Analgesics, yes? 0.117 -0.077 0.312 0.099 237
Psychotropics, yes® -0.205 -0.423 0.013 0.111 .065

Abbreviations: AU, action units; CALD, Culturally and Linguistically Diverse; Cl, confidence
interval; MMSE, Mini-Mental Status Examination; NPI-NH, Neuropsychiatric Inventory Nursing
Home; SE, Standard Error; j, standard coefficient.

2Compared to an absence of the parameter.

PCompared to male.

previous findings, female residents had a significantly higher pain
score (Atee et al., 2022). Furthermore, residents from a CALD back-
ground had a higher observational pain score. Culture and ethnicity
impact people's attitudes, emotions, and behavioral responses to
pain (Dildine & Atlas, 2019). These factors could also impact their
facial expression of pain (Ford et al., 2015). Moreover, very few stud-
ies have explored the differences in automated facial expressions of
pain between males and females, people from different cultural and
ethical backgrounds, and the interactions in the clinical context for
people with dementia. The importance of coding pain intensity for
assessing the differences in pain responses related to age, ethnicity,
or medical conditions to develop algorithms for automated technol-
ogy has been previously highlighted in an editorial paper (Dildine &
Atlas, 2019).

6.1 | Limitations of the PainChek app

Facial expressions to detect pain in people with dementia may
be feasible as part of the assessment indicators. However, some
issues and challenges in using the PainChek app to detect facial
expressions of pain exist. First, PainChek relies on a small num-
ber of AUs with only binary outcomes (presence or absence) avail-
able. This could result in false negative and false positive errors

because some of the AUs in the PainChek can also occur in posi-
tive (e.g., happy) and negative expressions (e.g., disgust, anger,
etc.), depending on the other AUs present (Du et al., 2014). Thus,
simply adding up the AUs cannot resolve the ambiguities of the
facial expressions. Furthermore, analyzing each facial expression
with different intensity levels is recommended. For example, the
Solomon Pain Intensity (Prkachin & Solomon, 2008) score uses a
pain measurement metric combining the intensities of facial ex-
pressions on a 0-5 ordinal scale. This method is commonly used in
manually coding facial expressions using the Facial Action Coding
System (Prkachin & Hammal, 2021).

6.2 | Implications for practice

Facial expressions could be a “late signaling system” in pain situ-
ations (Prkachin & Hammal, 2021). Moreover, empirical studies
showed that many people could be facially completely unrespon-
sive during pain in clinical settings (Kunz et al., 2021). Therefore,
an absence of certain facial expressions may not mean that pain
does not exist. Kunz et al. also highlighted the importance of inter-
individually different faces of pain as there is a “stoic” pattern with
a considerable number of people who may not display any facial
expressions during painful situations (Kunz et al., 2021; Kunz &
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Lautenbacher, 2014). Given this, it is recommended to conduct
pain detection by focusing on facial expression and assessing be-
havioral indicators, such as body movements and vocalization.
Furthermore, it is recommended to identify pain-indicative fa-
cial expressions with a more individualized approach to account
for person-specific characteristics. Researchers have attempted
to develop a personalized automated estimation of pain inten-
sity from facial expressions using machine-learning approaches
(Martinez et al., 2017; Xu & Sa, 2021).

6.3 | Implications for further research

The existing facial analysis methods are primarily built on experi-
mentally induced pain with limited and unrepresentative samples
of the young population in ideal lab settings with stable front views
and bright lighting. These factors significantly challenge the gener-
alization and application of automated facial recognition of pain in
people with dementia in clinical practice, such as in nursing homes
with uncooperative residents with severe behavioral symptoms or
in dark lighting conditions. Addressing the challenges noted above
will require detailed observation by trained human eyes of varia-
tions in pain-elicited responses and changes over time, and sophis-
ticated automated facial evaluation and analysis instruments.

6.4 | Study limitations

This study has several limitations. We could not compare facial
expressions with self-reported pain from residents with advanced
stages of dementia or the nurse-observed Abbey pain. The Abbey
pain scales were only obtained once at baseline due to the shortage
of staff at the RACF during the Covid-19 pandemic. Furthermore,
we only collected data from one Australian RACF. Therefore, our
findings may not apply to different environments or healthcare
settings. However, participants in this study were from a multi-
cultural background, representing the characteristics of residents
in Australian aged care. Moreover, we could not identify specific
types of pain in participants, and different types of pain may im-

pact the pain responses in facial expressions (Defrin et al., 2015).

7 | CONCLUSION

Pain assessment in people with dementia is challenging due to lim-
itations regarding self-report. We found that the presence of six
specific facial expressions is significantly related to a higher pain
score based on behavioral observations. These facial expressions
were independent of age, gender, cognitive impairment and cultural
background, which indicates the potential of automated real-time
facial analysis as part of the pain assessment in people with demen-
tia. However, more research is still required to develop new and
valid Al-based algorithms that can be applied to support healthcare

professionals in identifying pain in people with dementia in nursing

homes.
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