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Abstract 

Background:  Home exercise regimes are a well-utilised rehabilitation intervention for many conditions; however, 
adherence to prescribed programmes remains low. Digital interventions are recommended as an adjunct to face-to-
face interventions by the National Health Service in the UK and may offer increased exercise adherence, however the 
evidence for this is conflicting.

Method:  A systematic review was undertaken using MEDLINE and CINAHL databases using the PRISMA guidelines. 
Randomised controlled trials in any clinical population evaluating the adherence to prescribed home exercise inter-
ventions with and without additional digital interventions were included. Publication quality was assessed using the 
Cochrane Risk of Bias tool.

Results:  The search strategy returned a total of 1336 articles, of which 10 randomised controlled trials containing 
data for 1117 participants were eligible for inclusion. 565 participants were randomised to receive the interventions, 
and 552 to the control. Seven of the ten trials reported a significant difference in adherence between the control and 
intervention groups favouring an additional digital intervention. Three trials reported equivalent findings. These three 
reported longer-term outcomes, suggesting an interaction between adherence and duration of intervention. There 
was substantial heterogeneity in outcome assessment metrics used across the trials prohibiting formal meta-analysis. 
This included studies were of low to moderate quality in terms of risk of bias.

Conclusion:  The addition of a digital interventions to prescribed home exercise programmes can likely increase 
exercise adherence in the short term, with longer term effects less certain.
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Introduction
The emerging use of digital technology in physiotherapy 
service delivery has been discussed for years; however, 
the recent Covid-19 pandemic caused major disruption 
to face-to-face clinical interactions with most outpatient 
appointments ceased abruptly in March 2020. There is 
a new focus on health services operating under a more 
blended approach, incorporating both face-to-face and 
digitally augmented appointments and treatments [1].

There is already a well-established use of digital tech-
nology to augment clinical management in conditions 
such as diabetes, chronic obstructive pulmonary disease 
(COPD), chronic heart failure and cardiovascular disease 
[2, 3]. Patient centred exercise prescription is a well-rec-
ognised therapeutic intervention [4], and home exercise 
programs are frequently provided to patients as part of 
clinical rehabilitation or to help self-manage long-term 
conditions [5]. Completing the recommended exercise 
prescription and adhering to these exercises brings about 
long-term benefits, which may include better physical 
function, reduced pain and being able to reach agreed 
goals [6]. Long-term adherence can also have a consider-
able benefit in patients’ quality of life and can have a posi-
tive benefit on the economy as it can reduce the burden 
on healthcare systems, as patients are able to self-manage 
more effectively [7]. A well-established problem when 
delivering rehabilitation interventions however is the low 
adherence rate to home exercise programs [8].

Adherence can be defined as ‘the degree a behaviour 
corresponds with an agreed-on recommendation’ [9]. It 
has been reported by Argent et  al. [10] that adherence 
to home exercise programs supplied by physiotherapists 
could be as low as 50%. Low levels of adherence, spe-
cifically mid- to long-term, can limit the effectiveness of 
rehabilitation and may lead to reoccurrence of injuries 
or not being able to self-manage long-term conditions,  

resulting  in pain, reduced function and subsequently 
negative outcomes [11].

Adherence, as a concept, is not well understood by 
researchers [12]. There are many reasons why a patient 
may struggle to adhere to exercise programmes, which 
may include perceived barriers such as not having 
enough time, work schedules, reduction in self-efficacy, 
the belief that the treatment is ineffective or seeing early 
positive results so they then feel they do not need to con-
tinue with the treatment [10].

There are many forms of digital technology; from 
mobile applications to websites to simple phone calls. 
These technologies can help patients self-manage long 
term conditions or rehabilitate after an injury by provid-
ing education, advice, information, feedback and com-
munication from rehabilitation practitioners, which can 
in turn enhance a patient’s motivation [13].

The use of digital interventions to improve physical 
outcomes is well researched area, however, surprisingly, 
there is little consensus as to whether digital interven-
tions promote exercise adherence in patients undergoing 
physiotherapy [13]. The aim of this review was therefore 
to evaluate whether the addition of digital interventions 
to physiotherapist prescribed home exercise programs 
for any specified clinical condition improved adherence 
to these programs.

Methods
A systematic review of randomised control trials spe-
cifically investigating whether the addition of digital 
interventions can increase adherence to prescribed 
home exercises was undertaken. The study was 
reported in line with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [14].

Search strategy
The search strategy comprised of clusters of terms on 
exercise, adherence and digital interventions. This was 
a novel search informed with input from a subject spe-
cialist librarian. A detailed search strategy incorporat-
ing MESH terms and Boolean operators is provided in 
Additional file 1: Table S1. MEDLINE and CINAHL were 
searched from initiation to March 2021. Google scholar 
and the reference lists of eventually included papers were 
manually searched for any additional relevant articles.

Study selection
Randomised controlled trials evaluating a primary out-
come of exercise adherence were included. All other study 
designs were excluded. The interventions accepted were 
prescribed home exercises for a specified population 
within a randomised trial framework with an additional 
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digital intervention provided to the intervention group 
only. A broad definition of a digital intervention was 
adopted encompassing interventions delivered through 
communication platforms (such as Zoom) or electronic 
devices (such as smartwatches), software (such as apps), 
and through mobile phones (texts or voice calls). The pri-
mary outcome of this review was adherence to the pre-
scribed exercises. Adherence was defined as the ‘extent to 
which a person’s behaviour corresponds with agreed rec-
ommendations from a healthcare provider’ [9]. Any meas-
ure of adherence was considered (e.g. patient reported) so 
long as clearly documented as the study primary outcome.

A three-part screening strategy was employed to 
identify relevant articles. One investigator (SL) carried 
out the searches and screened by title. Abstracts were 
reviewed independently by two investigators (SL and 
DFH) and consensus reached through discussion for full 
text inclusion. In the event of disagreement, or doubt, 
manuscripts were included for full text review. Full texts 
were reviewed by the same two reviewers independently. 
In the event of unresolvable differing opinions as to final 
inclusion, an arbitrator (DM) was available for consulta-
tion (though was not required).

Data collection and risk of bias assessment
Data was extracted from the included studies using a 
bespoke Excel database. Data included year of publication, 
geographic location where trial was conducted, demographic 
parameters, condition/clinical presentation, numbers of 
participants, intervention received, control intervention 
received, follow-up period and adherence measure utilised. 
Demographic data was pooled for reporting.

The risk of bias within the randomised control trials 
was conducted using the Cochrane Risk of Bias (RoB) 
tool [15]. This tool assess various aspects of study design 
including randomization, allocation concealment, blind-
ing of participants, personnel and outcome assessors, 
completeness of data, selective outcome reporting and 
any other potential biases. The bias was assessed as a 
judgement of high, medium or low risk. This was inde-
pendently evaluated by two researchers (SL and DFH).

Results
Study selection
The search strategy produced a total of 1662 records, 
1137 of these were generated from MEDLINE and 525 
were generated from CINAHL, a single additional refer-
ence from Google Scholar. Removal of duplicates resulted 
in a total of 1336 articles. After screening, 48 papers were 
eligible for full text review. Of these 48 papers, 10 met the 
inclusion criteria (Fig. 1).

Study characteristics
The main study characteristics and summary of the 
included study outcomes are presented in Table  1. 
All studies included within the review were parallel 
group RCTs. A combined total of 1117 participants 
were included within the 10 randomised control tri-
als. 565 participants were randomised to receive 
the interventions, and 552 to the control. The sam-
ple sizes for the intervention group ranged from 20 
to 152. Of the included studies, 656 (58.7%) of the 
participants were female, with 461 (41.3%) male. 
The mean age of participants ranged from 37.5 to 
79.5 years.

Three trials were conducted in Australia [17, 23, 
24], three in Europe [19, 20, 25], two in Asia [16, 21], 
one in the Middle East [18] and one in North America 
[22]. These reflected diverse clinical populations with 
10 trials exploring interventions in various musculo-
skeletal complaints including knee osteoarthritis [18, 
22, 24], frozen shoulder [21], ankle sprain [20], flexor 
digitorium profundus repair [25] and generic muscu-
loskeletal (MSK) conditions [17, 23] and two trials in 
stroke populations [16, 19]. In all cases, physiothera-
pists prescribed the interventions as part of a speci-
fied rehabilitation program. The digital interventions 
varied in content, but were primarily communication 
based, via web interphases, text messages, phone call 
and phone applications (Table  1). All ten trials pro-
vided the control group with standard-of-care physi-
otherapy treatment for their presenting condition, 
including a home exercise programme. Data collection 
timelines varied within the included studies, ranging 
from 2-weeks to 24-months, with a median follow up 
time of 17.9 weeks.

Exercise adherence outcome measures
Exercise adherence was evaluated by self-reported 
measures in all ten trials. Questionnaires were used by 
Van Reijen et al., Chen et al., Baker et al., and Svingen 
et al. [20–22, 25]. Chung et al. [16] used a visual ana-
logue scale (0–100), whereas Bennell et  al. and Lam-
bert et al. [17, 23] used an 11-point (0–10) numerical 
rating scale. Bennell et al. [24] used the exercise adher-
ence rating scale (EARS). Grau-Pellicer et  al. [19] 
measured adherence by participant self-report of 
their ambulation and sedentary time per day. Alasfour 
et  al. [18] utilised an exercise logbook based on dates 
of completed exercise sessions. It was not possible to 
pool outcomes data or to perform meta-analysis due 
to substantial heterogeneity in assessment tools and 
outcomes.
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Effects of digital intervention on exercise adherence
Overall, seven of the ten (70%) RCTs recorded a statis-
tically significant positive effect of digital interventions 
in increasing adherence, with three (30%) demonstrat-
ing no between group differences (Table 1).

Four of four (100%) trials that reported short-term fol-
low-up (< 6 weeks) reported a positive effect of a digital 
intervention. Chen et  al. [21] found that shoulder exer-
cise compliance was enhanced (p = 0.03) over 2-weeks. 
Bennell et  al. [17] found adherence to a home exercise 
programme for a range of MSK conditions was enhanced 

over 3-weeks (p = 0.002), and similarly Lambert et  al. 
[23] found an app-based intervention enhanced exer-
cise adherence across a range of MSK conditions over 
4-weeks (p = 0.01). Alasfour et al. [18] also report greater 
adherence to a home exercise programme for knee osteo-
arthritis at 6-weeks (p = 0.002).

Two of four (50%) trials found enhanced adherence at 
8–12  weeks follow-up. Two MKS based trials found no 
difference in adherence, Svingen et al. [25] using an app 
in patients following flexor tendon repair at 8-weeks 
(p = 0.123), and Van Reijen et  al. [20] using an app in 

Fig. 1  PRISMA diagram showing the search results and article selection process
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neuromuscular ankle training at 8-weeks (p > 0.05). Con-
versely, in stroke cohorts, both Chung et  al. and Grau-
Pellicer et al. [16, 19] found greater adherence to exercise 
at 12-weeks in groups receiving additional app-based 
interventions (p = 0.021 and p = 0.034) respectively.

Two studies reported longer-term timeframes at 
24-months, one of which (50%) indicated a benefit of a 
digital intervention. Bennell et  al. [24] report enhanced 
exercise adherence in people with osteoarthritis of the 
knee when additional SMS message support was pro-
vided (p = 0.01), however Baker et al. [22] found no dif-
ference in adherence to strength training in elderly 
patients with knee osteoarthritis using a telephone-based 
methodology (p = 0.57).

Risk of bias within included studies
The overall quality of included studies was poor, there-
fore having a moderate to high risk of bias (Fig. 2). The 
main sources of bias were related to blinding. Blinding 
of participants in this type of study is extremely difficult, 
however blinding of outcome assessors was also poor and 
the measurement of exercise adherence using self-report 
tools a concern. Eight of the included studies were at high 
risk of bias due to not blinding participants and person-
nel. There were six different self-reported measures used, 
all with a lack of established reliability and validity esti-
mates. All included studies experienced loss of partici-
pants to follow up. Median loss to follow-up was 10.1% 
with a range of 3.75% to 18.8%. No trial reported a prob-
lematic loss to follow-up (accepted at > 20% [26]).

Discussion
This systematic review of 10 randomised control trials 
including 1117 participants suggests that digital interven-
tions may help increase exercise adherence to prescribed 
home exercise plans, at least in the short term, however 
the data is of low to moderate quality.

There is a growing drive to include digital interventions 
within physiotherapy practice and treatment [27, 28]. Dig-
ital communication interventions have many positives, 
such as being comparatively simple and cost-effective to 
use, depending on the technology literacy and physical 
ability of the target user groups. With an ever-increas-
ing pressure on physiotherapy services, the addition of 
well-researched digital interventions combined with 
face-to-face treatments could facilitate efficient clinical 
management and increase long-term self-management of 
conditions [28–31].

Within this review, seven of ten included trials suggest 
increased adherence with digital adjuncts though there 
may be an association with diminishing returns with pro-
longed timeframes of use, as the trials that reported the 
largest benefits of digital interventions tended to have 

shorter follow-up times. There are many reasons why 
adherence could reduce over time, though primarily it 
is accepted that motivation to exercise decreases with 
time [32]. By prescribing exercise, health professionals 
are aiming to change a patient’s behaviour. The COM-B 
Model, developed by Michie et al. [33] for example, states 
that capability, opportunity and motivation need to be 
present for a desired behaviour change. Interventions 
should consider all three components of the model, and 
incorporate the aspects required depending on the spe-
cific barriers present. It is through such feedback and 
monitoring that physiotherapists and other rehabilita-
tion professionals can help to challenge some of the bar-
riers to behaviour change, for example low self-efficacy 
or motivation [34]. Interestingly, only one study included 
in this review [24] reported the behaviour change theory 
the trial was based on. It is tempting to assume that the 
inclusion of feedback and monitoring via digital inter-
ventions can help to improve exercise adherence, how-
ever convincing data for this is lacking. The intervention 
also needs to be ‘user friendly’ to facilitate regular usage. 
Many studies reported participants having issues with the 
technology employed, which may also be a contributing 
factor to adherence rates in the longer term as patience 
to engage wears thin [35]. Hypothetically, the mode of 
communication (or type of digital technology) may influ-
ence the client-therapist interaction and thus interven-
tion success; however, the data we obtained in this review 
is insufficient to ascertain this. The seven articles that 
reported statistically significant benefits of digital tools 
involved communication via SMS or email, videos and 
apps, while the three that reported no difference utilised 
phone calls, videos and apps. Further comparative trials 
are required to elicit any effect of specific communication 
technologies.

Loss to follow-up was not a major concern in the 
included studies with all ten trials reporting values less 
than 20%. Despite this, the range of patient attrition was 
substantial at 3.75% to 18.8%. Perhaps as expected, the 
studies with the longer follow-up periods tended to report 
the larger participant loss to follow-up rates [19, 22, 25]. 
Baker et al. [22] which included the longest follow up time 
of 24-months, recorded 14.4%, though interestingly the 
greatest loss to follow-up (18.8%) was reported by Svingen 
et  al. [25] at only 6-weeks. The setting or context of the 
study may confound the attrition rate, and we observe 
that successful rehabilitative interventions tend to be 
discontinued, as they are no longer required. It is nota-
ble perhaps that the beneficial effects of digital interven-
tions seen in the (short term, acute setting) Svingen et al. 
study related to a specific post-operative rehabilitation 
intervention following finger surgery, whereas the equivo-
cal results of the Baker trial related to much longer-term 
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management of knee osteoarthritis. Importantly there was 
substantial variation in loss to follow-up in both interven-
tion and control groups. Four trials reported greater attri-
tion in the intervention group [17, 20, 23, 25]  while six 
highlighted greater loss in the control group [16, 18, 19, 

21, 22, 24]. This seemingly random loss to follow-up sug-
gests that the addition of a digital intervention was not too 
onerous or annoying to the patient; however, the hetero-
geneity in trial content, intervention, timeframe and med-
ical condition may be confounding here.

Fig. 2  Results of Cochrane risk of bias tool for all included studies
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Strengths and limitations of the study
This review is the first to evaluate high-level clinical 
trial evidence as to the effect of technology in increas-
ing adherence to prescribed home exercise inter-
ventions. Various others have considered the role of 
technology in adherence to interventions in condition 
specific settings and accommodated various trial meth-
odologies [36–38]. Our focus on randomised control 
trials isolates the effect of the digital intervention and 
reduces bias, however as there are comparatively few 
RCTs in this area this increased rigor somewhat lim-
ited the source data. Despite this, we are able to report 
data for over 1000 participants. The heterogeneity of 
the RCTs included may limit our ability to detect con-
founding interactions on adherence such as the clinical 
condition being addressed or factors related to the spe-
cific exercise interventions.

Further limitations include our inability to make firm 
conclusions due to the limited methodological quality of 
the data. It was not possible to perform a meta-analysis 
due to the variation in both intervention and outcome 
measures utilised. The use of self-reported measures 
of exercise adherence imposes a high risk of bias as the 
patients may wish to delude themselves as to their com-
pliance with rehabilitation to try to please the physi-
otherapist. There were numerous methods of measuring 
exercise adherence employed, however none have been 
well tested for reliability or validity. This is an ongoing 
issue in the rehabilitation literature. A review conducted 
by Bollen et al. [39] found that of 61 different measures 
of exercise adherence, only two had been appropriately 
tested as to psychometric properties. We are unable to 
make any comment as to whether increased adherence 
improves clinical outcomes as this was not the focus of 
our study.

Conclusion
This systematic review of randomised controlled trials 
of digital intervention to increase adherence to pre-
scribed exercise rehabilitation suggests a short-term 
beneficial effect, and uncertain longer-term effect. 
However, the quality of evidence to base these conclu-
sions on is low to moderate.
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