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Purpose: This study assessed the pain associated with movement and exercise in older individuals with cognitive decline, using the 
Abbey Pain Scale (APS) to identify the sub-items that effectively reflect pain during such activities.
Patients and Methods: A cross-sectional study was conducted in 225 older patients with musculoskeletal disorders and cognitive 
decline at the Ikeda Rehabilitation Hospital in Toyama, Japan. Pain during walking or transferring was assessed using the verbal rating 
scale (VRS) and the APS. Item response theory (IRT) was used to identify the APS sub-items that most accurately reflected the 
presence and degree of pain.
Results: Pain associated with movement scored 1.3 ± 1.1 on the VRS and 2.5 ± 2.6 on the APS. The IRT analysis extracted 
“vocalization”, “facial expression”, and “change in body language” as the most reliable indicators of pain. These extracted items 
showed good internal consistency (Cronbach’s α = 0.72), were significantly positively related to changes in the VRS (rs = 0.370, 
p < 0.001), and showed significant differences between patients with and without subjective pain.
Conclusion: Our study suggests that the APS sub-items “vocalization”, “facial expression”, and “change in body language” may be 
the most effective indicators of pain during movement and exercise in older individuals with cognitive decline. This approach may 
enhance the reliability of pain assessments and management during exercise therapy.
Keywords: behavior observation assessments, pain assessment, pain behavior, item response theory

Introduction
The number of older individuals is increasing in nearly all nations, and the dementia incidence is also increasing rapidly as the 
population ages.1 Older individuals with cognitive decline frequently experience pain resulting from chronic tissue degenera-
tion, disease, and surgical procedures related to these conditions.2 The prevalence of pain in older individuals with dementia is 
estimated to range from 32% to 64%,3–6 and the need for treatment and care for these individuals in a clinical setting is 
escalating. Musculoskeletal pain is common among older individuals, and exercise therapy is typically the first-line treatment. 
However, pain can act as a barrier to exercise therapy, and it is essential to evaluate pain, particularly in relation to movement 
and activity, and to prescribe appropriate exercise loads and modalities for exercise therapy.

Patient-reported outcomes (PROs), such as numerical and verbal rating scales (VRS) are widely used worldwide as the 
gold standard for assessing the presence and severity of pain. However, the validity of PROs and low response rates can be 
problematic among older patients with cognitive decline, as it can be difficult for them to understand numerical values and 
language.7 For this reason, the International Association for the Study of Pain recommends conducting a pain behavior 
observation evaluation in addition to PROs for pain assessment in older patients with cognitive decline.8 Pain behavior 
observation evaluation is a method of objectively evaluating pain by observing the subject’s daily life and behavior. The 
Abbey Pain Scale (APS), DOLOPLUS-2, and Pain Assessment Checklist for Seniors With Limited Ability to Communicate 
are examples of behavioral observation assessments, particularly for older patients with cognitive decline.9–11 The APS is 
a highly convenient assessment method in clinical practice because it can determine the presence or absence and degree of 
a subject’s pain in a short time. The APS is a behavioral observational assessment developed to aid various healthcare 
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professionals and caregivers in efficiently assessing pain in older individuals with dementia.9 The APS consists of six items 
and observes pain-related behaviors, such as vocalization, facial expression, and change in body language, as well as 
behavioral, physiological, and physical changes. The nature of musculoskeletal pain is dynamic as it changes with activities 
such as loading or postural shifts, thereby necessitating a tool that can monitor these fluctuations during exercise therapy. 
Because APS can quickly assess pain, it seems apt for this purpose. However, identifying which APS sub-items are most 
indicative of movement- and exercise-related pain in older adults with cognitive impairment is essential. Recognizing specific 
pain-related behaviors during movement can provide insights into individualized therapeutic interventions.

We utilized the APS to identify which sub-items accurately reflect pain during movement. We focused on the unique 
pain-related behaviors associated with movement in older adults with cognitive impairment to enhance our understanding 
and subsequently the quality of care.

Materials and Methods
Ethics Approval and Informed Consent
This study was approved by the Ethical Review Committees of Ikeda Rehabilitation Hospital (approval number: Reha0003) and 
Kobe Gakuin University (approval number: 20–33) and conducted in accordance with the 1964 Helsinki Declaration and its later 
amendments. Consent was obtained from 151 participants and 74 family members scoring below 15 on the Mini-Mental State 
Examination (MMSE, range: 0–30 points). The research protocol clearly stated that for participants with MMSE scores of 15 or 
below, consent from their families was required. This protocol was reviewed and approved by the ethics committee before the 
study was conducted.

Subjects
This study included 225 older patients with musculoskeletal disorders and cognitive decline who were admitted to the Ikeda 
Rehabilitation Hospital in Toyama, Japan. The inclusion criteria were age 65 years or older, suspected cognitive decline based 
on a score of 27 points or less on MMSE, and ability to provide a PRO-based pain assessment. The exclusion criteria were 
severe cardiovascular, respiratory, or metabolic diseases, such as heart failure, cerebrovascular disease, cancer, or Parkinson’s 
disease; impaired alertness; and communication difficulties due to aphasia or severe hearing loss. The sample size should be 10 
times the number of items; therefore, since the APS has six items, at least 60 persons were required. In addition, the higher the 
number of participants, the higher the measurement accuracy of the item response theory (IRT).12

Protocol
This cross-sectional study recorded demographic data and pain intensity using the VRS and APS.

Demographic Data
Demographic and clinical data (age, sex, MMSE score, disease, operative procedure, postoperative days, and use of analgesics) 
were collected from the medical records.

Pain Intensity
We assessed pain during walking for participants who could walk, and pain during transfers for participants with difficulty 
walking. Pain was assessed using the VRS as the PRO and the APS as the observational pain assessment during walking or 
transfer. We used a five-point VRS with the words “no pain”, “slight pain”, “moderate pain”, “severe pain”, and “unbearable 
pain”. The assessor asked the patient to respond to the VRS regarding pain associated with movement immediately after 
walking or transferring. The assessor also observed the patient walking or during transferring and assessed the patient’s pain 
using the APS. We used the Japanese-translated version of the APS,13 which was translated by Takai et al and verified for 
reliability and validity. A fully experienced physical therapist conducted all assessments from 1:00 pm to 3:00 pm in the 
rehabilitation rooms at the hospital.
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Statistical Analysis
Data are presented as the mean and standard deviation. As most of our data were not normally distributed, we used less 
sensitive (although more robust) nonparametric tests for all statistical analyses. The IRT14 was used to examine which items of 
the APS better reflected the presence or absence and degree of pain. IRT methods can provide item and test information, which 
can help discriminate items that are more attributable to the entire scale. This is beneficial because researchers can remove 
ineffective items to shorten the scale and improve its efficiency. In the IRT, the two parameters of interest are difficulty and 
discrimination. Difficulty signifies the average ability required to answer an item correctly. In this study, an item with a higher 
value implied that it was more readily responded to by those experiencing more intense pain, and less efficiently responded to 
by those experiencing less pain. Discrimination reflects an item’s sensitivity to varying degrees of pain. Discrimination was 
represented by item characteristic curves (ICCs), which graphically illustrate the relationship between latent traits and item 
endorsement, a unique feature of IRT. Based on a previous study, the following guidelines15 for identification scores were 
adopted: 0.01–0.34 = very low, 0.35–0.64 = low, 0.65–1.34 = moderate, 1.35–1.69 = high, and > 1.70 = very high. The 
reliability of pain assessment using items extracted by the IRT was examined using Cronbach’s alpha coefficient. The validity 
of pain assessment by items extracted by the IRT was examined using Spearman’s rank test for correlation with the VRS. The 
Mann–Whitney U-test was used to determine whether there was a difference in pain assessment based on items extracted by 
the IRT with and without subjective pain. Statistical analyses were performed using R software (version 4.1.1; R Foundation 
for Statistical Computing, Vienna, Austria). The significance level was set at p < 0.05.

Results
Demographic Data
A total of 225 participants were included in this study. The participants’ characteristics are presented in Table 1.

Table 1 Characteristics of Study Population

n or Mean (SD)

Total number of patients 225

Age (years) 86.3 (6.6)
Sex

Male; Female 56; 169

MMSE 17.8 (6.6)
Disease

Fractures of the lower extremities 121

Spinal fracture 61
Pelvic fracture 26

Osteoarthritis 2

Other 15
Surgical formula

Osteosynthesis 78

BHA or THA 44
TKA 1

Other 10

Conservative treatment 92
Disease duration (days) 30.5 (25.9)

Analgesic (multiple selection)

Use; Non-use 118; 107
Acetaminophen 95

NSAIDs 22

Pregabalin 4
Tramadol 1

Abbreviations: SD, standard deviation; MMSE, Mini-Mental State 
Examination; BHA, bipolar hip arthroplasty; THA, total hip arthroplasty; 
TKA, total knee arthroplasty; NSAIDs, non-steroidal anti-inflammatory drugs.
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Pain Intensity
Pain associated with movement scored 1.3 ± 1.1 on the VRS and 2.5 ± 2.6 on the APS. The APS sub-scores were 0.2 ± 0.5 
for “vocalization”, 0.6 ± 0.8 for “facial expression”, 0.7 ± 0.9 for “change in body language”, 0.2 ± 0.5 for “behavior 
change”, 0.1 ± 0.3 for “physiological change”, and 0.7 ± 0.8 for “physical changes”. Sixty-one patients reported no 
subjective pain (VRS score = 0).

Item Response Theory
Difficulty and discrimination were calculated from the ICCs for each item of the APS using the IRT (Table 2). Based on 
previous studies, those that met both difficulty (0–3) and discrimination (1.35 or higher) criteria were extracted as 
“vocalization”, “facial expression”, and ”change in body language”.

Reliability
Cronbach’s alpha was calculated to assess internal consistency. It has been suggested that alpha levels should be above 
0.70 to indicate good reliability.16 The internal consistency of pain assessment by items extracted by the IRT was 0.72.

Validity
To test construct validity, we correlated the items extracted by the IRT with the APS. The pain assessment using items 
extracted by the IRT was significantly and positively related to the APS (rs = 0.909, p < 0.001). The pain assessment by 
items extracted by IRT differed significantly between patients with and without subjective pain (with pain, 1.9 ± 1.9; 
without pain, 0.6 ± 1.1) (Figure 1).

Discussion
This study explored the characteristics of pain behavior in older individuals with cognitive decline and examined their 
responses to movement-associated pain. We assessed the pain during walking or transferring activities using the APS. IRT 
analysis revealed that three items, “vocalization”, “facial expression”, and “change in body language”, contributed signifi-
cantly to the total APS score. This score represents the pain level observable from behavioral indicators. Although IRT has 
been predominantly used in educational settings, it has recently gained traction in the medical field, augmenting classical test 
theory.17 Our study utilized IRT to compute two parameters: difficulty and discrimination. Higher difficulty values indicated 
more severe perceived pain, whereas higher discrimination values suggested that the item more accurately identified the 
presence or absence of pain.

If vocalization, facial expression, or body language changes are observed during painful movements, the total APS 
score increases, implying a higher likelihood of pain. Of the APS sub-scores, “vocalization”, “facial expression”, and 
“change in body language” reflect immediate pain responses. Conversely, “behavioral change”, “physiological change”, 
and “physical changes” signify alterations in a patient’s condition resulting from pain.9

Exercise-induced pain results from the nociceptive stimuli applied through loading and joint movement. Thus, “vocalization” 
and “facial expression”, immediate pain responses, and “change in body language” are believed to mirror exercise-associated 
pain more accurately. It is well established that pain causes characteristic facial expressions.18 These include eye-closing, 

Table 2 Difficulty and Discrimination of APS Sub-Items

Item Difficulty Discrimination

Vocalization 1.42 1.66

Facial expression 0.26 1.67
Change in body language 0.02 5.05

Behavioral change 2.20 1.18

Physiological change 2.38 1.15
Physical changes −0.27 1.25

Abbreviation: APS, Abbey Pain Scale.
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eyebrow lowering, and contraction of the lip-raising muscles. Previous reports have identified changes in body language as pain 
indicators.19 In our sample, rubbing painful areas, leaning to avoid loads, and physical aggression were body language indicators 
of pain. Systematic reviews suggest that, while vocalizations relate to pain, they should not serve as standalone indicators.20 

Language impairment in patients with dementia can diminish speech and hinder pain communication.21 Hence, combining 
vocalization with facial expressions and body language may yield a more reliable pain assessment.

The Cronbach’s coefficient for pain assessment during locomotion, using the three items “vocalization”, “facial expression”, 
and “change in body language”, exceeded 0.7, suggesting excellent internal consistency. When the participants were divided 
based on the presence of subjective pain according to the VRS, we observed differences in scores between the two groups. 
Although categorizing the presence of pain based on subjective complaints may not always be suitable, particularly in cognitively 
impaired individuals, the observed group differences may attest to some validity. Pain management during exercise therapy is 
essential and requires healthcare providers to prescribe appropriate exercises while considering the subject’s pain complaints. In 
cognitively impaired individuals, pain assessment based on PROs is often challenging, requiring healthcare providers to 
determine the presence of pain through behavioral observation. Although we have been empirically estimating the presence of 
pain in subjects for exercise therapy, focusing on ”vocalization”, ”facial expression”, and “change in body language” may 
enhance the reliability of pain assessment. Therefore, we believe the results of our study have potential for developing pain 
assessment methods essential for prescribing exercise for improved pain management in older individuals with cognitive decline.

This study had several limitations that must be acknowledged. First, the pain levels of the participants were relatively 
low. The study included patients with musculoskeletal pain approximately 1-month post-injury, potentially representing 
a more progressive recovery stage. While our findings may be applicable to patients requiring exercise therapy during 
this period, further studies should explore pain during exercise in older patients with dementia and more severe pain 
immediately after injury or surgery. Second, the participants in our study exhibited mild-to-moderate cognitive decline. 
We included participants capable of pain assessment using the VRS, a PRO, to examine the correlation between APS and 
subjective pain. Therefore, patients with severe dementia were excluded. Assessing pain in older patients with severe 
dementia using behavioral observation assessments presents validity concerns.22 APS scores are known to increase with 
cognitive function decline,13 and it is expected that behavioral and psychological symptoms of dementia may vary 
depending on dementia severity. Hence, it should be noted that pain behavior characteristics in patients with severe 
dementia may differ from those observed in this study.

Conclusion
We investigated the characteristics of pain behaviors associated with movement-related pain in older patients with mild- 
to-moderate cognitive decline. Pain during walking or transfer was assessed using APS. Our findings suggested that 
changes in vocalizations, facial expressions, and body language may reflect movement-related pain in older adults 
experiencing cognitive decline.

Figure 1 Difference in APS by items extracted by IRT according to presence and absence of pain using VRS. Data are presented as the mean ± standard deviation (SD). ***p < 0.001 
(vs Non-pain). 
Abbreviations: APS, Abbey Pain Scale; IRT, Item response theory; VRS, verbal rating scale.
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Abbreviations
APS, Abbey Pain Scale; ICCs, item characteristic curves; IRT, item response theory; MMSE, Mini-Mental State Examination; 
PRO, patient-reported outcome; VRS, visual rating scale.
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