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Introduction
Osteoarthritis is a chronic debilitating condition that is associ-
ated with severe pain, muscle weakness and disability.1 In 
England, it is estimated that 18% of adults aged over 45 years 
have osteoarthritis of the knee, and 11% have osteoarthritis of 
the hip.2 To counteract musculoskeletal impairment, local mus-
cle strengthening and aerobic exercise are recommended by the 
National Institute of Health and Clinical Excellence (NICE), 
in line with international guidelines.3-6 Likewise, when pro-
gression of the disease leads to consideration for joint replace-
ment surgery, preoperative exercise programmes are proposed 

as a potential method to expedite recovery time.7-9 Nonetheless, 
many patients avoid voluntary exercise due to fear of exacerbat-
ing pain or causing joint damage,10-14 and the existing evidence 
regarding the value of preoperative exercise for patients under-
going joint replacement is conflicting.7,9 Furthermore, follow-
ing surgery, a decrease in voluntary muscle activation can lead 
to difficult and prolonged rehabilitation.15

Neuromuscular electrical stimulation (NMES) is a form of 
electrical stimulation commonly used at sufficiently high 
intensities to produce muscle contraction.16 With repeated use, 
NMES can be used as an alternative treatment to counteract 
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ABSTRACT

Background: Neuromuscular electrical stimulation (NMES) provides a promising approach to counteract muscle impairment in hip and 
knee osteoarthritis, and to expedite recovery from joint replacement surgery. Nonetheless, application into clinical orthopaedic practice 
remains limited, partly due to concerns regarding patient tolerance.

Objectives: This systematic review aimed to quantify levels of adherence to NMES interventions for muscle impairment in hip and knee 
osteoarthritis and identify strategies to increase compliance.

Data Sources: Randomised controlled trials (RCTs) were identified in a web-based literature review, completed in December 2020. The 
databases sourced included the Cochrane Library, CINAHL Complete, Medline Complete and PubMed.

Eligibility Criteria: Studies were included if they were: (i) conducted in cohorts of adults with hip or knee osteoarthritis; (ii) a protocol 
of electrical muscle stimulation prescribed to treat muscle impairment; and (iii) reported intervention adherence or attrition rate. Data were 
extracted on adherence rate, reasons for non-adherence and potential strategies to increase adherence. Risk of bias was assessed using 
the Physiotherapy Evidence Database (PEDro) scale.

Results: The search yielded 120 articles, of which 15 studies were considered eligible and included in the analysis (n = 922). All NMES 
treatment was applied to the quadriceps, with 1 study targeting the quadriceps and calves. The mean PEDRO score of the included studies 
was 6.80 out of a possible 10 (range 6-8). Mean adherence did not differ between groups receiving treatment with NMES (85% ± 12%) and 
control groups receiving voluntary exercise or education (84% ± 9%) (P = .97). Reasons for non-adherence or attrition included a dislike of 
the device, dizziness, pain and discomfort. Strategies to increase adherence included NMES education, a familiarisation period, supervi-
sion, setting thresholds based upon patient tolerance, monitoring pain levels during stimulation and using built-in adherence trackers.

Conclusions: This systematic review indicates that adherence to NMES interventions for muscle impairment in hip and knee osteoarthri-
tis in clinical trials does not differ to control groups receiving education or voluntary exercise, and hence should not be a barrier to applica-
tion in clinical practice.
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muscle impairment in adults with advanced progressive dis-
eases who have difficulty activating their muscles voluntarily.16 
Therefore, NMES offers unique advantages to preserve or 
restore skeletal muscle mass and function during and after a 
period of disuse due to injury, surgery or illness, where volun-
tary exercise is contraindicated.17,18 NMES involves the appli-
cation of electrical impulses to skeletal muscles, by means of 
surface electrodes placed over the muscle belly, with the goal of 
evoking involuntary muscular contractions.19 In clinical and 
performance sport settings, it has been proven to enhance mus-
cle strength, increase range of motion, reduce oedema, prevent 
atrophy, heal tissue and decrease pain.20 However, despite the 
supporting evidence; NMES remains a clinically underutilised 
treatment modality in the orthopaedic population.19 In addi-
tion, in some nations, NMES is not advised in clinical guide-
lines for hip and knee replacement care, and is therefore only 
rarely used with orthopaedic patients.21 Other reasons for lim-
ited adoption include a lack of guidelines on stimulation inter-
ventions and parameters, uncertainty regarding the efficacy of 
stimulation for strengthening muscles and concerns of pain in 
patients particularly sensitive to electrical stimulation.19

New technologies have the potential to revolutionise how 
we manage health conditions, and recovery from major surgery, 
both now and in the future. However, successful implementa-
tion of new devices can only be achieved once widespread 
adoption has occurred.22 Clinicians can become risk averse and 
resistant to change if they suspect a new technology is difficult 
to implement.23 The driving force of recent work into NMES 
has been physiotherapists calling for guidance on effective 
parameters and application techniques required to achieve 
optimal results with NMES.24 As NMES is a novel therapy 
modality; understanding patient adherence levels and reasons 
for non-adherence are important factors that will affect its 
clinical value and widespread adoption. Moreover, increasing 
adherence to therapeutic programmes is recognised as an 
important factor for their long-term effectiveness. The aims of 
this systematic review are 3-fold: (i) to quantify levels of adher-
ence in NMES interventions for muscle impairment in hip and 
knee osteoarthritis; (ii) identify reasons for non-adherence and 
(iii) identify potential strategies to increase adherence.

Methods
Protocol and registration

This is a systematic review, registered a priori on the International 
Prospective Register of Systematic Reviews (PROSPERO 

registration number: CRD42020224638) and reported in 
accordance to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement.25 A web-
based literature search was completed in December 2020 and 
the databases sourced included the Cochrane Library, CINAHL 
Complete, Medline Complete and PubMed, accessed through 
Bournemouth University’s online library. A search strategy was 
developed to capture randomised controlled trials (RCTs) of 
electrical muscle stimulation in adults (over 18 years) diagnosed 
with hip or knee osteoarthritis (Figure 1). The search reviewed 
titles and abstracts of the available, peer-reviewed literature 
published from the earliest record on file until 1st December 
2020. Secondary searching was also undertaken; whereby the 
reference lists of the yielded articles were searched for relevant 
citations, and to ensure the primary study was selected for 
inclusion.

Study selection

Selected studies were screened based on their title and abstract. 
Once clearly ineligible articles had been removed, full-text 
screening was conducted by 2 members of the research team 
(LB and SB). Studies were included if they were: (i) conducted 
in cohorts of adults with hip or knee osteoarthritis (both the 
non-surgical and surgical population); (ii) a protocol of electri-
cal muscle stimulation prescribed to treat muscle impairment 
(NMES or NMES applied functionally, functional electrical 
stimulation [FES]); (iii) reported adherence (compliance to the 
study protocol or attrition rate); (iv) available in the English 
language and (v) peer-reviewed. Studies were excluded if they: 
(i) prescribed electrical muscle stimulation for reasons other 
than muscle strengthening (eg, pain relief ); (ii) utilised trans-
cutaneous electrical nerve stimulation [TENS]); (iii) prescribed 
NMES in combination with another strengthening modality 
other than standard care; (iv) did not report adherence to the 
electrical stimulation protocol or attrition rate; (v) were a sec-
ondary analysis or sub-group analysis of another trial or (vi) 
were a case-report.

Data extraction

Data were extracted from the included manuscripts into 
extraction sheets developed in Microsoft Excel. The following 
data were extracted: (i) study design; (ii) study population 
(sample size, type and severity of osteoarthritis); (iii) NMES 
dose; (iv) adherence to NMES protocol; (v) adherence in the 

[Title/Abstract] “hip arthri
s” OR “knee arthri
s” OR “hip osteoarthri
s” OR “knee osteoarthri
s” 
OR “hip replacement” OR “knee replacement” OR “hip arthroplasty” OR “knee arthroplasty” OR 
“joint replacement” OR “joint arthroplasty” AND [Title/Abstract] “electrical s
mula
on” OR 
“electrical muscle s
mula
on” OR electros
mula
on OR electric s
mula
on AND [Title/Abstract] 
“muscle strength” OR “muscle mass” OR strengthening OR rehabilita
on OR weakness 

Figure 1.  Search strategy.
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control/comparison group; (vi) study attrition; (vii) reasons for 
non-adherence (as stated by the authors); (viii) potential strate-
gies to increase adherence (as stated by the authors or consid-
ered by the researchers to be a strategy); and (ix) conclusions of 
the study. If adherence rates were not reported, but the authors 
reported the number of participants who were non-compliant, 
a manual calculation was performed by dividing this number by 
the total number of participants in the trial arm, multiplied by 
100. Retention rate was calculated by dividing the attrition rate 
(dropouts at all time points) by the total number of participants 
originally enrolled into the trial arm and multiplied by 100. To 
calculate mean adherence and retention rate across the included 
studies, each study was given an equal weighting, whereby 
scores were added together and divided by the number of 
included studies. In some studies, participants were excluded if 
they did not meet the target adherence for the study and there-
fore there is a crossover between the data extracted for study 
adherence and retention rate. This data is marked with an 
asterisk in Table 1.

Data synthesis

The characteristics of the included studies were presented 
using a descriptive analysis. Mean adherence and retention 
rates were compared between the participants prescribed an 
intervention of NMES and the control/comparison group. 
Furthermore, mean adherence and retention rates were com-
pared between patients who received supervised and unsuper-
vised NMES, and between surgical and non-surgical patients. 
The normality of this data was evaluated using a Shapiro-Wilk 
test. All data were normally distributed, and hence, unpaired 
T-tests were used to evaluate the relationship between groups. 
A Pearson’s Correlation was used to investigate any relation-
ship between duration of NMES intervention, and adherence 
and retention. All data were analysed using IBM SPSS 
Statistics version 26 (SPSS Inc., Chicago, USA), with the sig-
nificance level set at P < .05. Correlation coefficients were 
interpreted using definitions from Chan.26 Qualitative data on 
reasons for non-adherence and strategies to increase adherence 
were summarised and presented descriptively.

Quality assessment

The PEDro (Physiotherapy Evidence Database) scale was 
used to critically appraise the studies included within our 
search.27 The methodological quality of the studies was deter-
mined independently by 2 members of the research team (LB 
and SB) and discrepancies were resolved through discussion 
with the wider research team. The 11 item scale is a valid meas-
ure used to assess clinical trials,28,29 with each study scored out 
of 10; with a score of 6 as the threshold for a high-quality study 
(item 1 on the scale indicates external validity). The PEDro 
scale scores 10 items; random allocation, concealed allocation, 

similarity at baseline, subject blinding, therapist blinding, asses-
sor binding, greater than 85% follow up for at least 1 key out-
come, intention-to-treat analysis, between group statistical 
comparison for at least 1 key outcome and point and variability 
measures for at least 1 key outcome.28

Results
The search yielded 116 articles, and an additional 4 were 
sourced through secondary searching (Figure 2). Once dupli-
cates (n = 16) were removed, the titles and abstracts of the 
remaining 104 results were screened for eligibility. Following 
the removal of clearly ineligible studies (n = 49), the remaining 
55 studies underwent full-text screening. A further 40 studies 
were removed for the following reasons: did not report adher-
ence or attrition rate (n = 13); excluded study type, or was a 
secondary analysis of an included study (n = 11); excluded 
treatment type (n = 5); excluded treatment aim (n = 4); no access 
to full-text (n = 3); combined treatment approach (n = 2) and 
not available in the English language (n = 2). Fifteen studies 
were considered eligible and included in the final analysis 
(Table 1).30-44

Characteristics of included studies

Fourteen of the yielded studies were randomised controlled  
trials30-37,39-44 and 1 was a pilot randomised controlled trial,38 
published between 1995 and 2020. The mean PEDro score of the 
included studies was 6.80 out of a possible 10 (range 6-8), corre-
sponding to a high level of internal validity (Table 2).45 
Consistently low scoring items were criterion 5 and 6, blinding of 
subjects and therapist. The study that compared NMES to sham 
stimulation was the only study that was awarded a point for item 
5.44 Other low scoring items were criterion 7 (assessor blinding) 
and 8 (measures of at least 1 key outcome obtained from more 
than 85% of the subjects initially allocated to the group).

Sample characteristics

A total of 922 participants were included in the studies, 475 of 
which were enrolled into an intervention of NMES that aimed 
to increase muscle strength or reduce atrophy. Six of the studies 
were conducted with patients undergoing knee replace-
ment,30,31,33,37,38,40 8 were with non-surgical knee osteoarthritis 
patients,32,34-36,39,42-44 and 1 study included patients listed for 
hip replacement surgery.41 Treatment with the surgical arthritic 
population was typically postoperative, however 1 study inves-
tigated preoperative NMES, initiated 8 weeks prior to sur-
gery,38 and 1 study was initiated 14 days pre-surgery and 
continued for 60 days following surgery.33 In the non-surgical 
articles, 2 studies included patients with mild-to-moderate 
symptoms,32,39 1 study included patients with moderate-to-
severe symptoms,35 1 study included patients with end-stage 
osteoarthritis44 and 4 studies included a mixed sample.34,36,42,43
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Intervention characteristics

Studies were a combination of home-based, unsupervised 
NMES and supervised NMES, delivered in a hospital or a 
physiotherapy clinic. The studies compared a programme of 
NMES to a control group receiving no treatment,39 conven-
tional physiotherapy care,30,31,33,35,37,38,40,41 voluntary exer-
cise,35,36,40,42 laser therapy,32 education only34,43 or sham 
stimulation.44 Two studies compared NMES to a control group 
and an exercise group.35,40 Voluntary exercise interventions 
included partially supervised, home-based resistance training,35 
supervised group exercise including lower-extremity strength-
ening, range of motion exercise, functional activities and bal-
ance training,36 volitional strength training targeting the 
quadriceps at an outpatient physiotherapy department40 and 
biofeedback assisted isometric contractions.42 Standard post-
operative care varied between studies, but generally included 
lower extremity strengthening exercise, range of motion exer-
cises, patellofemoral mobilisation (following knee replacement 
only), gait training and exercises related to activities of daily 
living. Education groups received information on adjusting 
their daily living according to their symptoms,34 and an arthri-
tis self-help course, including details on disease aetiology, self-
management techniques and goal setting.43

Studies ranged from 2 to 12 weeks in duration, with a 
median length of 6 weeks. All studies targeted the quadriceps 
femoris muscle group, with 1 study stimulating the quadriceps 
and calves.41 Two studies investigated more than 1 type of 
NMES. In the study by Yoshida et al31 sensory level NMES 
and motor-level NMES were compared to a control group. 
Oldham et al44 compared patterned NMES, random patterned 
NMES and uniformed stimulation to sham NMES.

Use of NMES was reported to improve quadriceps stren
gth,30,31,33,38,40-44 voluntary quadriceps activation,36 muscle 
thickness and cross-sectional area,32 muscle atrophy,37 pain34 
and functional outcome measures30,31,33-35,37,38,42-44 however did 
not enhance muscle activation,39 strength36,39 or function36 in 2 
studies. The main conclusions from the studies are described in 
Table 1.

Definitions of adherence

Data on adherence were extracted from 10 studies, and data on 
study attrition from 14 (Table 1). For unsupervised NMES, 
adherence was commonly defined as the total stimulation time 
recorded by the device tracker or in the participant logbook, 
divided by the total dose prescribed and multiplied by 100. For 
supervised stimulation, adherence was defined as the number 

Records iden�fied through
database searching

(n = 116)
Sc
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en
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Figure 2.  Study identification flowchart.23
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of sessions attended divided by the total sessions, multiplied by 
100. In 3 studies, adherence was compared between the device 
tracker and the participant logbook. Complete concordance 
was found in 2 studies35,38 and in 1 study, the device tracker 
suggested a higher use than that recorded in the logbook.43

Adherence

Mean adherence in the NMES group was 85% ± 12% (range: 
55%-99%), and 84% ± 9% (range: 78%-97%) in the compari-
son groups receiving exercise or education. Retention rate in 
the NMES group was 83% ± 13% (range: 55%-100%) and 
81% ± 15% in the patients receiving standard care, laser-ther-
apy, sham stimulation, education or voluntary exercise (range: 
46%-100%). There were no differences between the NMES 
and comparison/control groups in terms of adherence (P = .97) 
or retention rate (P = .64).

Mean adherence for those receiving supervised NMES was 
86% ± 6% (range: 84%-90%), and 83% ± 17% (range 55%-
91%) for those receiving unsupervised NMES (P = .76). Mean 
retention rate for those receiving supervised NMES was 
87% ± 12% (range 68%-100%), and 76% ± 13% (range: 55%-
90%) for those receiving unsupervised NMES (P = .16).

Mean adherence for surgical patients was 79% ± 18% 
(range: 55%-99%) whereas non-surgical patients had a mean 
adherence rate of 88% ± 4% (range 81%-90%) (P = .37). Mean 
retention rate for surgical patients was 81% ± 14% (range: 
55%-100%), and 86% ± 12% (range 69%-100%) for non-sur-
gical patients (P = .44).

Pearson’s correlation coefficient demonstrated a moderate, 
negative relationship between duration of treatment and adher-
ence rate (r = −.57, P = .08) and a weak, negative relationship 
between duration of treatment and retention rate (r = −.26) that 
also did not reach significance (P = .38). This may be due to the 
small sample included within the correlation analysis.46

Strategies to increase adherence

Preoperative education and a familiarisation period were high-
lighted as potential contributors to protocol adherence.30,37 In 
addition, it was speculated that supervision, or an additional 
home-training session to ensure safety and encourage tolerance 
helped to increase adherence.34,37 In the study by Bruce-Brand 
et al,35 the relative simplicity of the NMES protocol, combined 
with the novelty of the modality and the built-in tracker were 
discussed as potential reasons for high adherence. High adher-
ence in the study by Walls et al38 was attributed to the simplic-
ity of garment based NMES compared to application through 
electrodes. However, in the study with the lowest level of 
adherence, NMES was also applied through a knee garment.30

To monitor and increase adherence the studies included: 
comprehensive NMES training,35 written instructions to use 
devices in the home environment,35 a clear training programme 
schedule,38 an intensity threshold set to suit patient tolerance,30 

built-in adherence monitors30,32,37,38,43,44 and participant log-
books.33,35,37,38,43,44 In some studies, participants were aware of 
the built-in adherence monitor,30,37,43,44 and in some cases, par-
ticipants did not know that their adherence was being tracked.38 
Logbooks collected data on the dates and duration of the 
NMES sessions, amplitude settings, rate of perceived exertion 
and level of pain. In 1 study with surgical patients, an initial 
familiarisation period was used preoperatively to facilitate 
postoperative utilisation, and patients were required to demon-
strate safe and proper use in-hospital prior to discharge.37 In 
home-based interventions, some participants were visited at 
home to monitor an independent treatment session, to assess 
procedural reliability.37,40 This was either done routinely, or in 
cases where concerns arose about participant implementation 
or tolerance to NMES. In the study by Stevens-Lapsley et al,37 
marking the electrode locations on the thigh was thought to 
ensure proper electrode placement, which may help increase 
treatment adherence and fidelity. Furthermore, an emphasis 
was placed on the importance of using the stimulator at an 
intensity that was tolerable but slightly uncomfortable.37 To 
increase treatment fidelity, in 1 study, if the self-selected inten-
sity did not result in visible contractions, the participant was 
excluded from the trial.31 In the study by Gremeaux et al,41 the 
degree of pain related to the stimulation was monitored every 5 
sessions using a 6 level verbal scale. A score of 3 or higher 
resulted in exclusion from the protocol.

Reasons for non-adherence

Participants who were non-compliant reported that they did 
not like the device or did not want to be inconvenienced whilst 
recovering from surgery.30 Other reasons for non-adherence 
and attrition related to the device included discomfort, dizzi-
ness and pain.31,36,40 In the study by Stevens-Lapsley et al,37 the 
authors discussed how therapists may be reluctant to push 
patients to tolerate uncomfortable doses of stimulation which 
may limit the potential benefits of the treatment. As such, the 
authors suggest that education regarding tolerating maximum 
doses of stimulation is important.37

Discussion
Rates of hip and knee osteoarthritis, and joint replacement sur-
geries, are predicted to increase in line with the ageing popula-
tion and the global obesity epidemic.47 As the National Health 
Service (NHS), along with health services across the globe, face 
rising capacity and funding challenges, the UK government has 
looked towards the possible benefits of new technologies to 
improve productivity and patient outcomes.48 However, suc-
cessful implementation of new technologies can only be 
achieved once widespread adoption has occurred.22 To date, 
application of NMES into clinical orthopaedic practice has 
been slow, despite the increasing scientific evidence to support 
its effectiveness for treating muscle impairment.24 Recent 
research has been driven by physiotherapists calling for further 
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guidance on effective parameters and application techniques 
required to achieve optimal results with NMES.24 This review 
provides a synthesis of evidence for adherence to NMES inter-
ventions for muscle impairment in the hip and knee osteoar-
thritis population, and to our knowledge, is the first of its kind. 
We have identified strategies that may increase adherence 
when prescribing NMES and highlighted potential reasons for 
non-adherence. Perhaps most interestingly, we found that 
adherence to the prescribed treatment did not differ between 
groups receiving treatment with NMES and control groups 
receiving education or voluntary exercise. Furthermore, there 
were no differences in retention rates between the NMES 
group and patients receiving standard care, laser-therapy, sham 
stimulation, education or voluntary exercise. These findings are 
promising, given the concern that NMES may not be an 
acceptable treatment for patients particularly sensitive to elec-
trical stimulation.19

Our findings may encourage clinicians to consider provid-
ing comprehensive NMES training, written instructions on 
how to use the device, a training schedule and an initial famil-
iarisation period when prescribing NMES treatments. We also 
found that using patient logbooks or built-in trackers will 
likely encourage adherence. Adherence and retention rates 
amongst supervised NMES interventions were higher than 
unsupervised interventions, although these relationships were 
not significant. Likewise, non-surgical patients had higher 
adherence and retention rates than non-surgical patients, but 
these relationships were also non-significant. Potential reasons 
for non-adherence in NMES treatments included a dislike of 
the device, dizziness, pain and discomfort. Strategies to coun-
teract these reasons could involve monitoring pain levels dur-
ing stimulation and setting intensity thresholds based upon 
patient tolerance. However, to be effective in treating muscle 
impairment, stimulation intensity needs to be high enough to 
evoke an involuntary muscle contraction,49 and although device 
trackers allow clinicians to observe total usage, it is not always 
possible to monitor stimulation intensity. Nonetheless, promis-
ing evidence was found in the study by Palmieri-Smith et al,39 
where stimulation intensity was evaluated during supervised 
treatment. Participants were able to tolerate stimulation at an 
intensity sufficient to achieve the target contraction strength 
(35% MVC or greater) in 93% of the treatment sessions.39

Whilst this research is novel in the area of NMES, several 
reviews have evaluated adherence to voluntary exercise in 
patients with hip and knee osteoarthritis.50-54 One review 
found that just 33% of patients were fully adherent to an exer-
cise programme prescribed following completion of the super-
vised element of the programme, and 37% were partially 
adherent.53 Likewise, in a study by Pisters et  al55 adherence 
within the 3 months treatment period was reported at 57.8%, 
but reduced to 44.1% and 30.1% at 15 and 60 months follow 
up, respectively. Traditional exercise for patients chronic mus-
culoskeletal disease can be painful, and thus adherence 

to voluntary exercise often reduces over time.56 Likewise, 
immediately following joint replacement surgery, a decrease in 
voluntary muscle activation can lead to difficult and prolonged 
rehabilitation. Nonetheless, therapy is necessary due to signifi-
cant weakness noted in the musculature in patients with 
lower-limb osteoarthritis and following joint replacement sur-
gery.15,57,58 The findings from this review suggest that adher-
ence to NMES interventions may, in some cases, be higher 
than adherence to voluntary exercise interventions, and there-
fore provide promising results for clinicians considering treat-
ment with NMES.

The integration of technology-based exercise programmes 
may have a positive effect on adherence as they can overcome 
perceived barriers to exercise,59 however, must be prescribed to 
the right patients, in the optimal therapeutic window, with 
evidence-based dosing. Some patients with osteoarthritis will 
be contraindicated to voluntary exercise due to significant joint 
damage, recent joint replacement surgery or comorbidities, 
such as cardiac disease or hypertension.60 Other patients may 
experience psychological or behavioural restrictions to volun-
tary exercise, such as concerns surrounding their capability to 
exercise, a fear of pain aggravation, along with time, transport 
and access restraints.10-12 Where voluntary exercise is inhibited 
by pain during joint loading, NMES can be used as an alterna-
tive approach to prevent atrophy or strengthen weakened mus-
culature. In addition, NMES offers an innovative approach to 
mitigate voluntary activation deficits and prevent atrophy early 
after surgery where a patient may be unable to generate muscle 
contractions of sufficient intensity to promote strength gains.37 
However, successful clinical outcomes depend upon patients’ 
adherence to a prescribed treatment regimen,61 and if clinicians 
are unsure that NMES is an acceptable treatment for patients 
with osteoarthritis, they may avoid prescribing it. This review 
found that adherence to NMES interventions for muscle 
impairment in hip or knee osteoarthritis does not differ to con-
ventional physiotherapy treatments and therefore provides 
promising results for future clinical use. We recommend that 
clinicians consider the strategies identified in this review to 
increase adherence to NMES interventions. Future research 
endeavours may consider investigating optimal NMES pre-
scription amongst orthopaedic patients, to further increase 
clinical adoption.

Limitations
While this review provides a summary of adherence levels to 
NMES interventions in research studies, estimates derived 
from clinical trials differ from the actual levels of adherence in 
the context of clinical practice, where adherence may be much 
lower. In addition, the analysed studies were heterogeneous, 
predominantly concerning patient population, sample size, 
comparison interventions and methods of calculating adher-
ence. Finally, it should be considered that reasons for non-
adherence and study attrition may not always be related to the 
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success or failure of the intervention itself. For example, some 
patients dropped out of the research trials due to medical 
necessity or family commitments.

Conclusions
Despite the supporting evidence, NMES remains a clinically 
underutilised treatment modality in the orthopaedic popula-
tion, partly due to concerns regarding patient tolerance. This 
systematic review indicates that adherence to NMES interven-
tions used to increase muscle strength or reduce atrophy in hip 
and knee osteoarthritis does not differ to control groups receiv-
ing education or voluntary exercise in clinical trials, and hence 
should not be a barrier to application in clinical practice. 
Reasons for non-adherence or attrition may include a dislike of 
the device, dizziness, pain and discomfort. Strategies to increase 
adherence to NMES interventions may include NMES educa-
tion, a familiarisation period, setting intensity thresholds based 
upon patient tolerance, built-in adherence trackers, monitoring 
pain levels and supervision of patients during stimulation.

Author Contributions
All authors contributed to the study concept and design. LB 
and SB conducted the systematic review. LB, TW and IS were 
responsible for data extraction, analysis and interpretation. LB 
and SB performed the methodological quality assessment. LB 
drafted the manuscript. TW, IS, PT and SB reviewed and 
edited the manuscript. All authors read and approved the final 
version of the manuscript.

ORCID iD 
Louise C Burgess  https://orcid.org/0000-0003-1870-9061

References
	 1.	 Cross M, Smith E, Hoy D, et al. The global burden of hip and knee osteoarthri-

tis: estimates from the global burden of disease 2010 study. Ann Rheum Dis. 
2014;73:1323-1330.

	 2.	 Versus Arthritis. The state of musculoskeletal health 2019. 2019. Accessed 
November 19, 2020. https://www.versusarthritis.org/media/14594/state-of-
musculoskeletal-health-2019.pdf

	 3.	 National Institute for Health and Care Excellence. Clinical guideline [CG177]. 
Osteoarthritis: care and management. 2014. Accessed March 13, 2020. https://
www.nice.org.uk/guidance/cg177/chapter/1-Recommendations

	 4.	 American Academy of Orthopadic Surgeons. Management of osteoarthritis of 
the hip. Evidence-based clinical practice guidelines. 2017. Accessed March 13, 
2020. https://www.aaos.org/globalassets/quality-and-practice-resources/osteo-
arthritis-of-the-hip/oa-hip-cpg_6-11-19.pdf

	 5.	 Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the 
management of hip and knee osteoarthritis, part II: OARSI evidence-based, 
expert consensus guidelines. Osteoarthr Cartil. 2008;16:137-162.

	 6.	 Bannuru RR, Osani MC, Vaysbrot EE, et al. OARSI guidelines for the non-
surgical management of knee, hip, and polyarticular osteoarthritis. Osteoarthr 
Cartil. 2019;27:1578-1589.

	 7.	 Wang L, Lee M, Zhang Z, Moodie J, Cheng D, Martin J. Does preoperative 
rehabilitation for patients planning to undergo joint replacement surgery improve 
outcomes? A systematic review and meta-analysis of randomised controlled tri-
als. BMJ Open. 2016;6:e009857.

	 8.	 Ackerman IN, Bennell KL. Does pre-operative physiotherapy improve outcomes 
from lower limb joint replacement surgery? A systematic review. Aust J Physiother. 
2004;50:25-30.

	 9.	 Moyer R, Ikert K, Long K, Marsh J. The value of preoperative exercise and edu-
cation for patients undergoing total hip and knee arthroplasty: a systematic 
review and meta-analysis. JBJS Rev. 2017;5:e2.

	10.	 Dobson F, Bennell KL, French SD, et al. Barriers and facilitators to exercise par-
ticipation in people with hip and/or knee osteoarthritis: synthesis of the litera-
ture using behavior change theory. Am J Phys Med Rehabil. 2016;95:372-389.

	11.	 Kanavaki AM, Rushton A, Efstathiou N, et al. Barriers and facilitators of physi-
cal activity in knee and hip osteoarthritis: a systematic review of qualitative evi-
dence. BMJ Open. 2017;7:e017042.

	12.	 Petursdottir U, Arnadottir SA, Halldorsdottir S. Facilitators and barriers to 
exercising among people with osteoarthritis: a phenomenological study. Phys 
Ther. 2010;90:1014-1025.

	13.	 Hurley M, Dickson K, Hallett R, et al. Exercise interventions and patient beliefs 
for people with hip, knee or hip and knee osteoarthritis: a mixed methods review. 
Cochrane Database Syst Rev. 2018;4:CD010842.

	14.	 Hunter DJ, Eckstein F. Exercise and osteoarthritis. J Anat. 2009;214:197-207.
	15.	 Mizner RL, Petterson SC, Stevens JE, et al. Early quadriceps strength loss after 

total knee arthroplasty. The contributions of muscle atrophy and failure of volun-
tary muscle activation. J Bone Joint Surg Am. 2005;87:1047-1053.

	16.	 Watson T. Electrotherapy. Evidence-Based Practice. 12th ed. Elsevier; 2008.
	17.	 Kramer JF, Mendryk SW. Electrical stimulation as a strength improvement 

technique: a review. J Orthop Sports Phys Ther. 1982;4:91-8.
	18.	 Jones S, Man WD, Gao W, Higginson IJ, Wilcock A, Maddocks M. Neuromus-

cular electrical stimulation for muscle weakness in adults with advanced disease. 
Cochrane Database Syst Rev. 2016;10:CD009419.

	19.	 Spector P, Laufer Y, Elboim Gabyzon M, Kittelson A, Stevens Lapsley J, Maf-
fiuletti NA. Neuromuscular electrical stimulation therapy to restore quadriceps 
muscle function in patients after orthopaedic surgery: a novel structured 
approach. J Bone Joint Surg Am. 2016;98:2017-2024.

	20.	 Doucet BM, Lam A, Griffin L. Neuromuscular electrical stimulation for skeletal 
muscle function. Yale J Biol Med. 2012;85:201-215.

	21.	 Peter WF, Nelissen RG, Vlieland TP. Guideline recommendations for post-
acute postoperative physiotherapy in total hip and knee arthroplasty: are they 
used in daily clinical practice? Musculoskeletal Care. 2014;12:125-131.

	22.	 Llewellyn S, Procter R, Harvey G, Maniatopoulos G, Boyd A. Chapter 2. Issues 
with regard to technology adoption in the NHS. Facilitating Technology Adoption 
in the NHS: Negotiating the Organisational and Policy Context – A Qualitative 
Study. NIHR Journals Library; 2014.

	23.	 Karsh BT. Beyond usability: designing effective technology implementation sys-
tems to promote patient safety. Qual Saf Health Care. 2004;13:388-394.

	24.	 Nussbaum EL, Houghton P, Anthony J, Rennie S, Shay BL, Hoens AM. Neu-
romuscular electrical stimulation for treatment of muscle impairment: critical 
review and recommendations for clinical practice. Physiother Can. 2017;69:1-76.

	25.	 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic 
review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 
2015;4:1.

	26.	 Chan YH. Biostatistics 104: correlational analysis. Singapore Med J. 
2003;44:614-619.

	27.	 Physiotherapy Evidence Database. PEDro scale. 1999. Accessed January 24, 
2021. https://pedro.org.au/wp-content/uploads/PEDro_scale.pdf

	28.	 de Morton NA. The PEDro scale is a valid measure of the methodological 
quality of clinical trials: a demographic study. Aust J Physiother. 2009;55: 
129-133.

	29.	 Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of 
the PEDro scale for rating quality of randomized controlled trials. Phys Ther. 
2003;83:713-721.

	30.	 Klika AK, Yakubek G, Piuzzi N, Calabrese G, Barsoum WK, Higuera CA. 
Neuromuscular electrical stimulation use after total knee arthroplasty improves 
early return to function: a randomized trial. J Knee Surg. Published online July 1, 
2020. doi:10.1055/s-0040-1713420

	31.	 Yoshida Y, Ikuno K, Shomoto K. Comparison of the effect of sensory-level and 
conventional motor-level neuromuscular electrical stimulations on quadriceps 
strength after total knee arthroplasty: a prospective randomized single-blind 
trial. Arch Phys Med Rehabil. 2017;98:2364-2370.

	32.	 de Oliveira Melo M, Pompeo KD, Baroni BM, Vaz MA. Effects of neuromuscu-
lar electrical stimulation and low-level laser therapy on neuromuscular parame-
ters and health status in elderly women with knee osteoarthritis: a randomized 
trial. J Rehabil Med. 2016;48:293-299.

	33.	 Levine M, McElroy K, Stakich V, Cicco J. Comparing conventional physical 
therapy rehabilitation with neuromuscular electrical stimulation after TKA. 
Orthopedics. 2013;36:e319.

	34.	 Imoto AM, Peccin MS, Teixeira LEPdP, Silva KNGd, Abrahão M, Trevisani 
VFM. Is neuromuscular electrical stimulation effective for improving pain, 
function and activities of daily living of knee osteoarthritis patients? A random-
ized clinical trial / A estimulação elétrica neuromuscular é efetiva na melhora da 
dor, função e atividades de vida diária de pacientes com osteoartrite do joelho? 
Ensaio clínico randomizado. Sao Paulo Med J. 2013;131:80-87.

	35.	 Bruce-Brand RA, Walls RJ, Ong JC, Emerson BS, O’Byrne JM, Moyna NM. 
Effects of home-based resistance training and neuromuscular electrical stimula-
tion in knee osteoarthritis: a randomized controlled trial. BMC Musculoskelet 
Disord. 2012;13:118-127.

https://orcid.org/0000-0003-1870-9061
https://www.versusarthritis.org/media/14594/state-of-musculoskeletal-health-2019.pdf
https://www.versusarthritis.org/media/14594/state-of-musculoskeletal-health-2019.pdf
https://www.nice.org.uk/guidance/cg177/chapter/1-Recommendations
https://www.nice.org.uk/guidance/cg177/chapter/1-Recommendations
https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-hip/oa-hip-cpg_6-11-19.pdf
https://www.aaos.org/globalassets/quality-and-practice-resources/osteoarthritis-of-the-hip/oa-hip-cpg_6-11-19.pdf
https://pedro.org.au/wp-content/uploads/PEDro_scale.pdf


14	 Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders ﻿

	36.	 Elboim-Gabyzon M, Rozen N, Laufer Y. Does neuromuscular electrical stimu-
lation enhance the effectiveness of an exercise programme in subjects with knee 
osteoarthritis? A randomized controlled trial. Clin Rehabil. 2013;27:246-257.

	37.	 Stevens-Lapsley JE, Balter JE, Wolfe P, Eckhoff DG, Kohrt WM. Early neuro-
muscular electrical stimulation to improve quadriceps muscle strength after total 
knee arthroplasty: a randomized controlled trial. Phys Ther. 2012;92:210-226.

	38.	 Walls RJ, McHugh G, O’Gorman DJ, Moyna NM, O’Byrne JM. Effects of pre-
operative neuromuscular electrical stimulation on quadriceps strength and func-
tional recovery in total knee arthroplasty. A pilot study. BMC Musculoskelet 
Disord. 2010;11:119-127. doi:10.1186/1471-2474-11-119

	39.	 Palmieri-Smith RM, Thomas AC, Karvonen-Gutierrez C, Sowers M. A clinical 
trial of neuromuscular electrical stimulation in improving quadriceps muscle 
strength and activation among women with mild and moderate osteoarthritis. 
Phys Ther. 2010;90:1441-1452.

	40.	 Petterson SC, Mizner RL, Stevens JE, et al. Improved function from progres-
sive strengthening interventions after total knee arthroplasty: a randomized 
clinical trial with an imbedded prospective cohort. Arthritis Rheum. 2009;61: 
174-183.

	41.	 Gremeaux V, Renault J, Pardon L, Deley G, Lepers R, Casillas JM. Low-fre-
quency electric muscle stimulation combined with physical therapy after total hip 
arthroplasty for hip osteoarthritis in elderly patients: a randomized controlled 
trial. Arch Phys Med Rehabil. 2008;89:2265-2273.

	42.	 Durmuş D, Alaylı G, Cantürk F. Effects of quadriceps electrical stimulation 
program on clinical parameters in the patients with knee osteoarthritis. Clin 
Rheumatol. 2007;26:674-678.

	43.	 Talbot LA, Gaines JM, Ling SM, Metter EJ. A home-based protocol of electri-
cal muscle stimulation for quadriceps muscle strength in older adults with osteo-
arthritis of the knee. J Rheumatol. 2003;30:1571-1578.

	44.	 Oldham J, Howe TE, Petterson T, Smith G, Tallis R. Electrotherapeutic reha-
bilitation of the quadriceps in elderly osteoarthritis patients. A double blind 
assessment of patterned neuromuscular electrical stimulation. Clin Rehabil. 
1995;9:10-20.

	45.	 Moseley AM, Elkins MR, Van der Wees PJ, Pinheiro MB. Using research to 
guide practice: the Physiotherapy Evidence Database (PEDro). Braz J Phys Ther. 
2020;24:384-391.

	46.	 Walline J. Designing Clinical Research: An Epidemiologic Approach. 2nd ed. Lip-
pincott Williams & Wilkins; 2001.

	47.	 Culliford D, Maskell J, Judge A, et al. Future projections of total hip and knee 
arthroplasty in the UK: results from the UK Clinical Practice Research Data-
link. Osteoarthritis Cartilage. 2015;23:594-600.

	48.	 NHS England. Five year forward view. 2014. Accessed December 12, 2020. 
https://www.england.nhs.uk/wp-content/uploads/2014/10/5yfv-web.pdf

	49.	 Azman MF, Azman AW, Ariff SM. The effect of electrical stimulation in 
improving muscle tone (clinical). IOP Conf Ser Mater Sci Eng. 2017;260: 
012020.

	50.	 Bunting JW, Withers TM, Heneghan NR, Greaves CJ. Digital interventions for 
promoting exercise adherence in chronic musculoskeletal pain: a systematic 
review and meta-analysis. Physiotherapy. 2021;111:23-30.

	51.	 Nicolson PJA, Bennell KL, Dobson FL, Van Ginckel A, Holden MA, Hinman 
RS. Interventions to increase adherence to therapeutic exercise in older adults 
with low back pain and/or hip/knee osteoarthritis: a systematic review and meta-
analysis. Br J Sports Med. 2017;51:791-799.

	52.	 Willett M, Duda J, Fenton S, Gautrey C, Greig C, Rushton A. Effectiveness of 
behaviour change techniques in physiotherapy interventions to promote physical 
activity adherence in lower limb osteoarthritis patients: a systematic review. 
PLoS One. 2019;14:e0219482.

	53.	 Jansons PS, Haines TP, O’Brien L. Interventions to achieve ongoing exercise adher-
ence for adults with chronic health conditions who have completed a supervised exer-
cise program: systematic review and meta-analysis. Clin Rehabil. 2017;31:465-477.

	54.	 Ezzat AM, MacPherson K, Leese J, Li LC. The effects of interventions to 
increase exercise adherence in people with arthritis: a systematic review. Muscu-
loskeletal Care. 2015;13:1-18.

	55.	 Pisters MF, Veenhof C, Schellevis FG, Twisk JW, Dekker J, De Bakker DH. 
Exercise adherence improving long-term patient outcome in patients with osteoar-
thritis of the hip and/or knee. Arthritis Care Res (Hoboken). 2010;62:1087-1094.

	56.	 Fransen M, McConnell S, Bell M. Exercise for osteoarthritis of the hip or knee. 
Cochrane Database Syst Rev. 2003;3:CD004286.

	57.	 Lewek MD, Rudolph KS, Snyder-Mackler L. Quadriceps femoris muscle weak-
ness and activation failure in patients with symptomatic knee osteoarthritis. J 
Orthop Res. 2004; 22:110-115.

	58.	 Loureiro A, Mills PM, Barrett RS. Muscle weakness in hip osteoarthritis: a sys-
tematic review. Arthritis Care Res (Hoboken). 2013;65:340-352.

	59.	 Valenzuela T, Okubo Y, Woodbury A, Lord SR, Delbaere K. Adherence to tech-
nology-based exercise programs in older adults: a systematic review. J Geriatr 
Phys Ther. 2018;41:49-61.

	60.	 de Rooij M, Steultjens M, Avezaat E, Hakkinen A, Klaver Rea. Restrictions and 
contraindications for exercise therapy in patients with hip and knee osteoarthritis 
and comorbidity. Phys Ther Rev. 2013;18:101-111.

	61.	 Martin LR, Williams SL, Haskard KB, Dimatteo MR. The challenge of patient 
adherence. Ther Clin Risk Manag. 2005;1:189-199.

https://www.england.nhs.uk/wp-content/uploads/2014/10/5yfv-web.pdf



