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Introduction: Musculoskeletal pain is highly prevalent among older adults and a 

leading cause of disability. Digital health promises to deliver timely and quality 

care, but existing reviews fail to be specific for older adults, focus on a single 

type of technology or a single body site, and do not provide an integrated 

overview of the effectiveness of current digital interventions. This systematic 

review with meta-analysis (Prospero ID: CRD42024549668) aimed to assess 

the effectiveness of digital interventions for pain management in reducing pain 

intensity and self-reported disability in older adults with musculoskeletal pain. 

Methods: We searched PubMed, Web of Science, Scopus, and Academic 

Search Complete from inception to April 2025; extracted data on participants, 

interventions, and primary (pain intensity and self-reported disability) and 

secondary outcomes (performance, pain-related psychological variables, and 

adverse events). 

Results: Thirty-six RCTs were included (n = 4,041). Compared to other active 

interventions, older adults who received digital pain management reported 

lower pain intensity (SMD = −0.23, 95%CI = −0.37;−0.09) and lower self- 

reported disability (SMD = −0.22, 95%CI = −0.39;−0.04) at post-intervention. 

The effect was maintained at 6 months for pain intensity (SMD = −0.20; 95% 

CI = −0.38;−0.03), but not for disability (SMD = 0.13, 95%CI = −0.38;0.63). The 

certainty of evidence was low or very low, and heterogeneity was low to 

substantial. Most studies included domains judged as high risk of bias. 

Discussion: The evidence is very uncertain on the effect of digital interventions 

on pain intensity and disability. They may decrease pain intensity and disability 

similarly to other interventions, but more research is needed to investigate the 

effect of digital interventions and identify key aspects that maximise the 

intervention.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/ 

CRD42024549668, PROSPERO CRD42024549668.
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Introduction

Musculoskeletal pain affects more than 60% of older adults 

(1), with the low back, the hip, and the knee being the most 

common painful body sites (2). Most older adults report pain 

that is often or always present, is of at least moderate 

intensity, and located in three or more body sites (3). 

Furthermore, musculoskeletal pain is associated with 

decreased functioning, assessed through self-reported or 

performance-based measures (3). Pain also negatively impacts 

psychological well-being, being associated with decreased self- 

efficacy and increased anxiety (4), fear of movement (5) or 

catastrophizing, which, in turn, might also negatively impact 

older adultś ability to be physically active (6), further 

threatening a healthy and active aging.

Pain is one of the main reasons for healthcare use (7–9), with 

higher pain intensity and disability being drivers of care seeking 

(10, 11), burdening the healthcare system (2). Nevertheless, 

there are inequalities in access to adequate pain treatment, 

particularly non-pharmacological pain treatment (7, 8), that 

relate to high costs, remote healthcare centers, and difficulty 

accessing transportation (12).

Digital health offers the possibility to overcome current 

barriers to provide quality and timely non-pharmacological 

pain management interventions to larger numbers of 

individuals at lower costs (13). Digital health is a broad term 

that includes all tools and services using information and 

communication technology to support healthcare (14), 

including those accessed, for example, by a computer or a 

mobile phone. Also, digital health allows interaction with the 

health professional, which can be either synchronous, 

allowing real-time face-to-face interaction between the patient 

and the healthcare professional, or asynchronous, allowing the 

review of the patient’s performance or data after the 

intervention (15). The diversity of digital means and 

interaction models enables the digital intervention’s 

adjustment to the individual needs, characteristics, and 

preferences, and facilitates personalization (16), while having 

the potential to impact its use and effectiveness.

Existing systematic reviews suggest that some types of 

technology might be effective in reducing pain and improving 

functioning (17, 18), but fail to be specific for older adults 

(17), focus on a single type of technology, or are limited to 

one body site (17, 18) not providing an integrated overview of 

the effectiveness of digital pain interventions for older adults. 

Therefore, the primary aim of this systematic review was to 

assess the effectiveness of digital interventions delivered at a 

distance for pain management in reducing pain intensity and 

self-reported disability in older adults with musculoskeletal 

pain. The secondary aim was to explore the effectiveness of 

digital interventions targeting pain to improve performance- 

based measures (e.g., Timed Up and Go, gait velocity, grip 

strength) and pain-related psychological variables (self- 

efficacy, fear of movement, catastrophizing, and anxiety) in 

older adults with musculoskeletal pain. Adverse events were 

also characterised.

Methods

This systematic review followed PRISMA guidelines (19) and 

was registered in PROSPERO (registration number: 

CRD42024549668).

Search strategy

Pubmed, Web of Science, Scopus, and Academic Search 

Complete were searched from inception to the 20th of April 

2024 and updated on the 14th of April 2025, using the search 

terms available in the Supplementary Material 1 - Search 

strategy. Search results were exported to CADIMA (https://www. 

cadima.info), and duplicates were identified and deleted. 

Reference lists of selected studies were checked for further 

relevant studies.

Selection of studies

Two authors (combined pairs of two of the four authors) 

independently screened the titles and abstracts, and the full 

texts. Discrepancies were resolved by consensus in a meeting 

with the four authors. At the full-text level, reasons for 

exclusion were documented. Reference screening was conducted 

with the support of CADIMA software.

Eligibility criteria

We included studies with older adults with acute (including 

post-surgical) or chronic musculoskeletal pain aged 60 and over 

(mean age of at least 60 years old). Musculoskeletal pain was 

defined as nociceptive pain that arises as part of a disease 

process directly affecting bone(s), joint(s), muscle(s), or related 

soft tissue(s) (20). Conditions usually considered as being 

musculoskeletal but for which the causes are incompletely 

understood (primary musculoskeletal pain), such as nonspecific 

back pain or fibromyalgia and chronic widespread pain, are 

classified in the CID-11 as primary pain (21) were also included.

Interventions included any pain management asynchronous 

or synchronous digital intervention delivered at a distance from 

the clinical center/hospital and constituting the main 

component of the intervention. This was defined as an 

intervention delivered via any web-based or online platforms, 

mobile applications, or virtual reality, accounting for at least 

75% of the total intervention. The percentage of the intervention 

delivered digitally was calculated by dividing the total duration 

or total number of sessions of the intervention administered 

digitally by the total duration or total number of sessions of the 

intervention, respectively, multiplied by 100. Additionally, the 

participant and the health professional were in separate settings 

(e.g., the participant at home and the professional in a clinical 

environment). Studies employing digital interventions delivered 
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by health professionals to participants in clinical settings were 

excluded as this was not considered to be delivered at a 

distance, and the potential for contact with healthcare 

professionals was very high, potentially affecting the effect of the 

intervention. Also, studies that used digital tools solely for data 

collection or self-monitoring (e.g., number of steps collected 

from a wearable sensor or mobile application) were excluded.

Comparisons included usual care, no treatment, waiting-list, a 

placebo (a digital intervention with limited features), or any non- 

digital pain management intervention. Studies using an active 

digital intervention in both arms were excluded, as these studies 

would not provide data on the beneficial effect of 

digital interventions.

Primary outcomes were pain intensity and self-reported 

disability measured using any validated instrument. Disability is 

usually characterized by both self-reported measures, which 

assess the individuals’ perception of their capability to perform a 

range of tasks, and performance-based measures that capture 

how well an individual can perform a task and usually involve 

the completion or timing of strength, balance, or mobility tasks 

by an assessor (3, 22). Therefore, performance measures were 

also included as secondary outcomes. Additional secondary 

outcomes were: pain-related psychological factors 

(catastrophizing, fear of movement, self-efficacy, and anxiety) 

and adverse events. We collected outcome data immediately 

after treatment (baseline), 6-month follow-up (6 months), and 

12-month follow-up.

The type of studies included were randomized controlled 

trials, as randomized controlled trials are one of the highest- 

quality trial designs for establishing effectiveness. We excluded 

other study designs, conference abstracts, dissertations, and 

papers that were not peer-reviewed.

Data extraction

A customized Excel form for data extraction was tested in 

three studies to ensure completeness of headings, clear and 

consistent coding, and response options, and to train researchers 

(23). The following data was extracted: authors and year of 

publication, participants’ characteristics (age, sex, clinical 

condition), outcomes, general characteristics of the intervention 

(type, duration, frequency), characteristics of the digital 

intervention (delivered synchronously or asynchronously, type of 

technology used), personalization features of the digital 

intervention, adverse events and results. Personalization features 

were characterized using a previously used approach (24) that 

identified four possible personalization strategies: (i) goal setting 

(it involves defining goals considering the patients capabilities 

and preferences); (ii) adjusting the plan (it involves adjusting 

the intervention based on the capabilities of the participants and 

feedback throughout the intervention); (iii) using data-driven 

approaches (it involves gathering data on participants’ health 

status and integrating those data into personalized 

interventions); and (iv) motivating behavioural changes 

(including text messages, reminders, and prompts).

Risk of bias

We used the Cochrane Risk of Bias tool (Rob-2) to judge the 

risk of bias (25). The domains covered by the tool (randomisation 

process, deviations from the intended interventions, missing 

outcome data, outcome measurement, selection of the reported 

outcome, and overall bias) were rated as “low,” “some 

concerns,” or “high” risk of bias. It was administered 

independently by at least two of the four authors, and by type 

of outcome (i.e., a separate Rob-2 was filled in for self-reported 

outcomes and clinical tests/performance measures administered 

by the clinician/assessor). Discrepancies were resolved by 

discussion among the four authors till a consensus was reached.

Grading of evidence

The certainty of evidence was assessed using the Grading of 

Recommendations Assessment, Development and Evaluation 

(GRADE) approach and rated as high, moderate, low, or very 

low (26). Certainty in the meta-analysis results was downgraded 

for serious study limitations (one level if 25% of participants 

were from studies classified as high risk and two levels if the 

percentage was 50% or higher), inconsistency (downgrade one 

level if heterogeneity was high; I2
≥ 75%), imprecision 

(downgraded one level if there were fewer than 400 participants 

in each arm), and publication bias (downgraded one level if 

there was evidence of publication bias assessed through visual 

inspection of funnel plots and Egger’s test). Indirectness was not 

used to downgrade evidence as participants, comparisons, and 

outcomes were all directly relevant.

Summary of evidence

Meta-analysis

Comparisons or outcomes were performed at post- 

intervention and follow-up (when possible). Meta-analyses were 

conducted using SPSS (IBM, version 28). When data were not 

available or suitable (e.g., means not reported) for a meta- 

analysis, we contacted the corresponding author, requesting the 

necessary data. When needed data was not directly available, but 

it was possible to compute from available metrics (e.g., standard 

errors or confidence intervals to calculate SD), conversion was 

carried out as specified in the Cochrane Handbook (27). When 

lower scores of different instruments meant different things, the 

mean values from one set of studies were multiplied by −1 (27). 

All meta-analyses were conducted with random-effects models 

because of heterogeneity in study design and outcome measures 

across trials. We reported standardized mean differences (SMD) 

and respective 95% confidence intervals. SMD was interpreted as 

small (0.2), medium (0.5), and large (0.8). Heterogeneity was 

assessed using I2, interpreted as low heterogeneity (0%–40%), 

moderate heterogeneity (30%–60%), substantial heterogeneity 

(50%–90%), and considerable heterogeneity (75%–100%) (27). 
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The findings of the meta-analysis were conveyed using the 

statements suggested by Santesso et al. (28), crossing the effect 

size and the level of certainty of evidence. Results are presented 

in graphics and a summary table of the effect sizes for 

individual studies.

Considering the moderate heterogeneity of the main meta- 

analyses, we explored subgroup analysis for type of patients (i.e., 

patients with chronic conditions and patients with post-surgery 

conditions) and sensitivity analysis isolating studies with 

asynchronous administration of the digital intervention and no 

personalization/one personalization strategy.

Lower pain intensity, lower self-perceived functioning scores, 

and lower performance scores represent better outcomes. When 

more than one instrument was used to assess the same outcome 

of interest, we prioritize the outcome reported more consistently 

across studies.

Results

The search yielded 4,566 records, and after the removal of 

duplicates, 4,462 unique references were screened, of which 181 

full texts were read (164 resulting from database searches and 17 

resulting from citation searching). A total of 36 articles, reHecting 

36 studies, met the inclusion criteria and were included in this 

systematic review. The PRISMA Howchart (Figure 1) presents the 

numbers throughout the selection phases and reasons for 

exclusion. Corresponding authors of eight articles were contacted, 

requesting additional information, but only one replied.

Study characteristics

A total of 36 manuscripts were included that assessed at least one 

of the main variables of interest (pain intensity or functioning). 

Included studies represented 4,041 participants, of which 2,270 were 

females (56.2%). Nineteen studies involved patients with chronic 

conditions (knee or hip osteoarthritis: n = 17; hand osteoarthritis: 

n = 1; low back pain: n = 1), while 17 involved patients with acute 

conditions (hip fracture: n = 1) or submitted to surgical procedures 

(knee or hip arthroplasty: n = 13; rotator cuff repair: n = 1; 

carpometacarpal arthroplasty: n = 1; spine surgery: n = 1). The 

general characteristics of the studies are presented in Table 1.

The digital intervention was delivered synchronously, via 

teleconference software, in 8 (22%) studies, and asynchronously, 

via mobile apps, web-based platforms, video, exergames, or 

virtual reality, with or without external sensors for data 

collection, in 22 (61%) studies. In addition, 6 (17%) studies 

combined a synchronous and an asynchronous component.

The digital intervention was compared against other 

interventions in 31 (86%) studies, defined as usual care (n = 14), 

face-to-face intervention (n = 3), home care (n = 5), a brochure 

with information/exercises (n = 4), and general online/app- 

delivered information (n = 2). Also, of the 31 studies, two studies 

FIGURE 1 

PRISMA 2020 flow diagram.
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included two comparison groups receiving a combination of usual 

care, home exercises, or face-to-face care, and another study 

included one active comparison arm (usual care) and a waiting list 

control. Most of the studies using a comparator defined as “usual 

care”, “face-to-face intervention”, and “home care” involved some 

form of education and exercise. The remaining 5 (14%) of the 36 

included studies used a no-intervention/wait-list group as a control.

Regarding personalization strategies, 9 (25%) studies did not 

include any, 9 (25%) included only 1, and an additional 9 (25%) 

studies included two. Only 9 (25%) studies used 3 or 4 

personalization strategies.

The duration of the digital intervention varied (range: 3 weeks– 

48 weeks), with 24 (67%) studies reporting 8 or more weeks, 10 

(28%) reporting 6 or fewer weeks, and 2 (5%) were unclear.

Of 36 included studies, 32 reported on pain intensity, 34 

reported on self-reported disability, and 22 reported on a 

performance measure. The most commonly used instruments to 

assess pain intensity were the numeric pain rating scale or the 

visual analogue scale (n = 19, 59%). The most commonly used 

instruments for self-reported disability were the Western 

Ontario and McMaster Universities Arthritis Index (WOMAC) 

or WOMAC function subscale (n = 13, 38%), and the Hip or 

Knee Disability and Osteoarthritis Outcome Score (HOOS or 

KOOS; n = 12, 35%). Performance was assessed using mainly the 

Timed Up and Go test (n = 12; 55%).

Adverse events

Studies that reported on adverse events n = 21 (58%) reported 

either no adverse/serious events or a similar rate of events between 

both groups (n = 14, 67%). Of these, 7 studies reported more 

concrete data: a 2% rate of adverse events in each group (29), 1 

person in the digital group intervention developed a complex 

regional pain syndrome (30), a rate of falls of 19.4% in the group 

receiving the digital intervention against 14.6% in the control group 

and a mean(±sd) of rehospitalizations in 12 weeks of 0.1 ± 0.3 in 

the experimental group and of 0.2 ± 0.5 in the control group (31), 

that more participants in the intervention group (n = 22) than the 

control group (n = 3) reported minor, mainly unrelated to the 

intervention, adverse events (15 and 3 events, respectively) (32), 

adverse events related to skin irritation due to the bandages used to 

affix tracking sensors (n = 3 out of 51 participants) (33), emergency 

department visits within 90 days were lower in the digital group 

intervention when compared to the control group [n (%): 16 (8.2) 

vs. 5 (2.5), p < 0.013] (34) and in a study using virtual reality (35), 

33% of participants reported cybersickness.

Risk of bias

For subjective measurements (pain intensity and self-reported 

disability), the overall risk of bias was judged as high, due to bias in 

domain 4 (measurement of the outcome) introduced by lack of 

blinding. Among the remaining domains, bias was considered low in 

26 studies (72%) for domain 1 (randomization process), 21 (58%) for 
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domain 2 (deviations from intended interventions), 86% for domain 3 

(missing outcome data) and 5 (14%) for domain 5 (selection of the 

reported results). For performance measurements and the 22 studies 

that reported on them, the overall risk of bias was judged as some 

concerns for 7 studies (32%) and high risk for 15 (68%) studies. Low 

risk of bias was found for 14 (64%) studies in domain 1, 10 (45%) in 

domain 2, 19 (86%) in domain 3, 12 (55%) in domain 4, and 3 (14%) 

in domain 5. The risk of bias for pain intensity and self-reported 

disability (patient-reported outcomes) is presented in Figure 2. The 

risk of bias for performance-based measures is presented in 

Supplementary Material 2.

Meta-analysis on the effects of the digital 
intervention

Of the 32 studies that reported pain intensity, 29 provided data 

that could be included in the meta-analysis (23 compared a digital 

intervention against another active intervention, and 6 against no 

intervention). Of the 33 studies that reported self-reported 

disability, 28 provided data that could be included in the meta- 

analysis (24 compared a digital intervention against another active 

intervention, and 4 against no intervention). GRADE tables for 

all meta-analyses performed are presented in Supplementary 

Material 3. Additionally, sample size, mean, and standard 

deviation at post-intervention and follow-up for studies included 

in the meta-analysis are presented in Supplementary Material 4.

Effect of the digital interventions when compared 
against other forms of treatment on pain intensity 

and self-reported disability
There was low certainty evidence of a small beneficial effect of 

digital interventions in reducing pain intensity at post-treatment 

(SMD = −0.23, 95%CI = −0.37 to −0.09, I2 57%, k = 23; 

Figure 3), and very low certainty of evidence that this beneficial 

effect was maintained at 6 months follow-up (SMD = −0.20; 

95%CI = −0.38 to −0.03; I2 = 0%; k = 3). No meta-analysis was 

possible at 12-month follow-up (k = 2).

There was low certainty evidence of a small beneficial effect of 

digital interventions in reducing disability at post-treatment 

(SMD = −0.22, 95%CI = −0.39 to −0.04; I2 78%, k = 24; 

Figure 4), and very low certainty of evidence that this effect was 

not maintained at 6-month follow-up (SMD = 0.13, 95% 

CI = −0.38 to 0.63; I2 70%, k = 3), neither at 12-month follow-up 

(SMD = −0.06, 95%CI = −0.23 to 0.11; I2 = 9%, k = 4). 

Additional Howcharts are presented in Supplementary Material 

5. A qualitative description of the results of studies not included 

in the meta-analyses is presented in Supplementary Material 6.

Effect of the digital interventions when compared 

to no intervention
Meta-analysis included only studies with chronic 

conditions

There was very low certainty of evidence of a small beneficial 

effect of digital interventions in reducing pain intensity at post- 

treatment (SMD = −0.24, 95%CI = −0.40 to −0.08, I2 0%, k = 6).

There was very low certainty of evidence of no between-group 

differences at post-treatment for self-reported disability 

(SMD = −0.09, 95%CI = −0.30 to 0.12, I2 0%, k = 4).

No meta-analysis was possible at follow-up due to the small 

number of studies with the same time-point (k < 3).

Effect of the digital interventions on performance 
(secondary outcome)

Of the 22 studies that reported performance, 18 provided data 

for the meta-analysis (15 compared a digital intervention against 

another active intervention and 3 against no intervention).

When compared against other interventions, there was very 

low certainty evidence of a small beneficial effect of digital 

interventions improving performance at post-treatment 

(SMD = −0.26, 95%CI = −0.44 to −0.08; I2 65%, k = 15; 

Figure 5). No meta-analysis was possible at 6- or 12-month 

follow-up (k < 3 for both follow-up time points).

When compared against no interventions, there was very low 

certainty of evidence of a small beneficial effect of digital 

interventions in improving performance at post-treatment for 

older adults with chronic painful conditions (SMD = −0.49, 95% 

CI = −0.95 to −0.03, I2 0%, k = 3).

Effect of the digital interventions on 
psychological variables (secondary outcome)

Six studies assessed at least one psychological variable 

(self-efficacy, fear of movement, catastrophizing, or anxiety). 

Meta-analysis was possible only for self-efficacy at post- 

intervention, when the comparison group was other 

interventions, and there was very low certainty of evidence 

of no between-group differences (SMD = 0.39; 95%CI −0.19 

to 0.98, I2 87%; k = 3).

Subgroup and sensitivity analysis for the 
comparison of digital interventions against other 

interventions
Given the variability in patients’ characteristics, 

particularly post-operative individuals and patients with 

chronic conditions, and the moderate heterogeneity 

identified, we conducted a subgroup analysis based on the 

type of patients and a sensitivity analysis grouping only 

studies using one or no personalization strategies, and 

studies using asynchronous digital interventions. These 

analyses were only possible when the comparisons were 

other interventions, due to the small number of studies that 

used no intervention as a comparison.

Sub-group analysis by type of patients revealed low certainty 

of evidence of a small beneficial effect of digital interventions 

when compared to other interventions for pain intensity in 

participants with chronic conditions (−0.40, 95% CI −0.60 to 

−0.20; p = 0.00; I2 53%, k = 11) but not for patients who 

underwent a surgery (−0.06, 95% CI −0.21 to 0.10; p = 0.00, I2 

30%; k = 12). Sensitivity analysis, for pain intensity showed a 

small beneficial effect of asynchronous digital interventions 

(−0.18, 95% CI −0.34 to −0.03, p = 0.02, I2 18%, k = 11; low 

certainty of evidence). When aggregating only the studies using 
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FIGURE 2 

Risk of bias for all studies (pain intensity and self-reported disability—patient-reported outcome measures).
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FIGURE 3 

Forest plot for pain intensity when comparing digital interventions against other interventions.

FIGURE 4 

Forest plot for self-reported disability when comparing digital interventions against other interventions.
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one or no personalization strategies, no between-group difference 

was found (SMD = −0.14, 95% CI −0.31 to 0.02, p = 0.20; I2 = 2%; 

k = 7; low certainty of evidence).

For self-reported disability, sub-group analysis by type of 

patients revealed low certainty of evidence of a medium 

beneficial effect of digital interventions when compared to 

other interventions for patients with chronic conditions 

(−0.51, 95% CI −0.77 to −0.24; I2 74%, k = 11), but no 

difference between interventions for post-operative patients 

(SMD = 0.00; 95% CI −0.16 to 0.16; I2 = 54%; k = 13). 

Sensitivity analysis, using only the asynchronous 

administration of digital interventions, showed no between- 

group differences (−0.13, 95%=−0.31 to 0.04, I2 65%, k = 15; 

low certainty of evidence). When aggregating only the 

studies using one or no personalization strategies, no 

between-group differences were found (SMD = −0.18, 95%CI 

−0.43 to 0.07; I2 = 79%; k = 14; low certainty of evidence).

Sub-group analysis by type of patients revealed very low 

certainty evidence of a small beneficial effect of digital 

interventions when compared to other interventions for 

performance in postoperative patients (−0.18, 95% CI −0.31 to 

−0.05; I2 20%, k = 10) but no difference between interventions 

for patients with chronic conditions (SMD = −0.48; 95% CI 

−1.02 to 0.06; I2 82%; k = 5). Sensitivity analysis, using only 

the asynchronous administration of digital interventions, 

showed no between-group differences (−0.13, 95%=−0.27 to 

0.01, I2 14%, k = 9; low certainty of evidence). When 

aggregating only the studies using one or no personalization 

strategies, a small beneficial effect was found for performance 

(SMD = −0.30, 95%CI −0.57 to −0.04; I2 = 76%; k = 10; very 

low certainty of evidence).

Subgroup analysis did not apply when the comparison was no 

intervention (all studies in the same type of patients), and 

sensitivity analysis was not possible (k < 3).

Discussion

This review is a comprehensive evaluation of the effectiveness 

of digital interventions for older adults with pain. Our results 

suggest that digital interventions may reduce pain intensity and 

pain disability slightly at post-intervention and compared to 

other interventions for older adults with painful chronic 

conditions, but not for older adults with post-surgical/acute 

conditions. The evidence is very uncertain on the effect of 

digital interventions at follow-up on pain intensity and 

disability. The evidence also suggests that digital interventions 

may improve performance compared to other interventions, but 

only for older adults with post-surgical conditions. The evidence 

is very uncertain and scarce about the effect of digital 

interventions on self-efficacy. This review provides a broad 

overview of the effectiveness of digital interventions delivered at 

a distance for older adults, adding to previous reviews that focus 

on a single body region, clinical condition or intervention (for 

example, exercise), do not limit studies to those conducted in 

older adults or do not clarify whether the digital intervention 

administered at a distance corresponds to the main component 

of the intervention (36, 37).

Sub-group analysis by type of patients and sensitivity analysis 

for studies using fewer personalization strategies and delivering 

the intervention asynchronously showed a decrease in 

heterogeneity of varying degrees for pain intensity. For self- 

reported disability and performance, a decrease in heterogeneity 

was found only in the analyses by type of patients and 

asynchronous interventions. These findings suggest that type of 

patients, number of personalization strategies and mode of 

administration (synchronous vs. asynchronous) partially explain 

the variability across studies, but its impact on variability 

depends on the outcome. Furthermore, the sensitivity analysis 

also suggests that the mode of administration of the digital 

FIGURE 5 

Forest plot for performance when comparing digital interventions against other interventions.
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intervention (synchronous or asynchronous) might impact its 

effectiveness, as when analysing only the trials with an 

asynchronous administration of the intervention, the between- 

group differences for pain disability and performance were no 

longer present. Similarly, when analysing the trials with no or 

one personalization strategy, the between-group differences were 

no longer present for pain intensity and pain disability. Caution 

should be taken when interpreting the sensitivity analysis, as a 

few of them included a low number of studies. Nevertheless, 

these results highlight the importance of reporting the mode of 

administration (synchronous vs. asynchronous) and the number 

of personalization strategies in future trials. These factors should 

also be considered when aggregating data from different trials.

It is unclear why the type of subjects, mode of administration, 

and interaction strategies impact the effectiveness of digital 

interventions. Conceivably, there is more room for improvement 

in patients submitted to a recent surgery, which, adding to the 

general positive expectations of patients (38), might contribute 

to improvements that are less dependent on the specific 

characteristics of the intervention. Older adults value the 

received support, the ability to establish a continuous care 

relationship, and human communication when using digital 

services (39, 40), which might be perceived as less present in 

asynchronous interventions. Older adults prefer synchronous 

communication over asynchronous communication, which is 

believed to improve communication and comprehension (41). 

The interaction with the physical therapist, even if 

asynchronous, but frequent (daily), was described as important 

for support and encouragement. Older adults might have 

difficulties with technology (41), which can be mitigated by 

synchronous intervention as the clinician can help solve any 

issues. Recent studies also showed that a synchronous 

intervention decreased anxiety and pain intensity in a few body 

regions (not all) to a greater extent than an asynchronous digital 

intervention in adults with fibromyalgia (42) and no differences 

between synchronous and asynchronous digital delivery of 

exercises for adults with neck pain (42). Different strategies can 

be used to promote engagement in asynchronous interventions, 

including providing the possibility of contacting the healthcare 

professional, using interactive content, building a sense of 

community with peers through discussion forums or 

collaborative activities, and providing feedback by healthcare 

professionals. Whether the relevance of the mode of 

administration differs across clinical conditions and age ranges 

requires further investigation.

Personalization, more likely in synchronous and interactive 

interventions, is also valued by older adults (39). Self- 

monitoring, self-motivation, goal setting, and personalized 

feedback are a few of the strategies identified as key for a 

successful digital intervention (43) and for motivating 

individuals to behaviour change (44), such as adhering to the 

digital intervention or performing the recommended exercise. 

A previous review on the effectiveness of digital health 

interventions for older adults with cancer also concluded that 

multiple personalized features were likely to be more effective in 

improving self-management outcomes (24). Also, a previous 

systematic review investigating the evidence supporting the use 

of digital mental health interventions suggested four factors 

contributing to the success of digital mental health 

interventions: (1) ease of use; (2) opportunities for social 

interactions; (3) having human support; and (4) having the 

digital mental health interventions tailored to the participants’ 

needs (24). Also, daily email reminders and feedback were 

considered motivating factors for individuals with osteoarthrosis 

to perform the exercises (24).

The overall finding of the current review that digital pain 

interventions may have similar or greater effects on pain 

intensity and disability than other interventions align well with 

previous reviews, even though we were more stringent in the 

inclusion criteria, as the digital component needed to 

correspond to at least 75% of the intervention for a study to be 

included in the present review. It has been found that remote 

exercise programs were not less effective than in-person 

physical therapy for pain intensity in patients with 

osteoarthritis (45–47). Telerehabilitation was comparable to 

conventional in-person rehabilitation in improving clinical 

outcomes following total knee replacement (48). Despite the 

diversity of digital solutions used, a subgroup analysis of a 

previous systematic review indicated no significant difference 

among the different digital modes of delivery for pain intensity 

and physical function (47).

Very few studies explored the effect of digital interventions on 

self-efficacy, catastrophizing, fear of movement, and anxiety. 

These variables need to be included in future trials evaluating 

the effectiveness of digital interventions for older adults, 

considering their impact and relevance on pain intensity and 

pain-associated disability. Higher self-efficacy is associated with 

higher outcome expectations (49) and protects against 

decreased disability and performance at follow-up (49). Higher 

kinesiophobia is associated with decreased self-reported 

physical function and performance (50), and both higher 

catastrophizing and anxiety are associated with higher pain 

disability (51).

This systematic review also suggests that digital 

interventions are safe with few non-serious adverse events, 

most often similar to those occurring in the group receiving 

other interventions, suggesting that it is safe to use digital 

interventions with older adults with both chronic and post- 

surgical painful conditions. However, caution should be taken 

when interpreting these data and a systematic assessment of 

serious and non-serious adverse events is recommended in all 

future trials. More than 40% of included trials did not report 

on adverse events, and among those that reported on adverse 

events, the methodology used for their assessment was not 

always clear.

Study limitations

The low quality of included studies, as assessed using Rob2, 

mostly resulted from the inability to blind outcome assessors for 

self-reported (participant-reported) measures, which are potentially 
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inHuenced by the participants’ knowledge of the intervention 

received. This led to the downgrading of the evidence when 

applying the GRADE. The small sample sizes (n < 400) of a few 

meta-analyses (pain intensity at 6-month follow-up when the 

comparison were other interventions; pain intensity at post- 

intervention when the comparison was no intervention; self- 

reported disability at 6 and 12-month follow up when the 

comparison were other intervention, self-reported disability when 

the comparison was no intervention; performance for all 

comparisons, and self-efficacy when the comparison were other 

interventions), also led to the downgrading of evidence for 

imprecision when applying the GRADE. These meta-analyses 

might have lacked sufficient statistical power to detect between- 

group differences, which was reHected in the certainty of evidence 

for the effect estimate. The included studies varied in terms of 

intervention duration (ranging from 3 to 48 weeks) and frequency 

(from twice a week to unrestricted use). This diversity might have 

affected results, as a dose-response result might be expected in 

interventions targeting pain and disability, with a minimal dose of 

intervention being needed to achieve meaningful improvement 

(52). Future studies can explore whether a dose-response 

relationship exists for digital interventions and whether this varies 

depending on clinical conditions or intervention content. Few 

studies were included in the follow-up meta-analysis, weakening 

any conclusion on the medium and long-term effectiveness of 

digital interventions. Data extraction was performed by a single 

reviewer and reviewed for correctness and completeness by a 

second reviewer who was not blind to the data extracted by the 

first reviewer and could have been unintentionally inHuenced by it.

Research and clinical practice 
recommendations

The apparent safety of digital interventions and the potential 

for a positive impact on pain and disability cautiously suggest 

that digital interventions can be used in clinical practice to 

decrease pain and self-reported disability and improve 

performance. The choice between a face-to-face intervention 

and a digital intervention might be left to patients’ preferences 

and ability to safely and correctly use the digital means needed 

for the intervention. This is particularly relevant as older 

adults have less access to digital means and lower digital 

literacy skills than younger groups (53). Therefore, ensuring 

that the older adult has access to and can use the digital means 

necessary for the digital intervention is crucial (53), both 

before and during the intervention. Choosing technology that 

allows some degree of personalization or adjustment to the 

individual’s needs and preferences, that is inexpensive, and that 

is simple to use, may facilitate the use of digital means for 

healthcare by older adults. Furthermore, when choosing the 

digital intervention, the clinician might want to give preference 

to interventions allowing for a synchronous component and 

personalization features.

Future trials, in addition to employing more methodologically 

robust designs that overcome the limitations identified in this 

review, can compare digital interventions with different degrees 

of personalization and the synchronous and asynchronous 

administration of the same intervention. Furthermore, most 

existing trials use older adults with knee and hip osteoarthritis 

or patients who have undergone hip or knee replacement. 

Therefore, there is a need to investigate the effectiveness of 

digital interventions for other painful conditions that are 

prevalent in older adults, such as low back pain (54), pain in 

the shoulder and foot (55) and also for multiple painful body 

sites, as the majority of older adults have at least 3 painful body 

sites (3).

Conclusion

Our results suggest that digital interventions are at least as 

good as other interventions at decreasing pain and self-reported 

disability and improving performance. Furthermore, for older 

adults with painful chronic conditions, they may reduce pain 

intensity and pain disability, at post-intervention, slightly more. 

The evidence is very uncertain on the effect of digital 

interventions on pain intensity and disability at follow-up, and 

on the effect of digital interventions on self-efficacy. Further 

studies are needed to investigate digital pain management for 

currently under-investigated clinical conditions, such as low 

back pain and multisite pain, and to investigate which aspects of 

digital pain management (e.g., interaction) are likely to have a 

higher impact on the intervention effect.
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