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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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Introduction

Osteoarthritis is a chronic debilitating condition that is associ-
ated with severe pain, muscle weakness and disability.! 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.? 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-® 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.””” Nonetheless,
many patients avoid voluntary exercise due to fear of exacerbat-
ing pain or causing joint damage,'%-14 and the existing evidence
regarding the value of preoperative exercise for patients under-
going joint replacement is conflicting.”? Furthermore, follow-
ing surgery, a decrease in voluntary muscle activation can lead
to difficult and prolonged rehabilitation.’

Neuromuscular electrical stimulation (NMES) is a form of
electrical stimulation commonly used at sufficiently high
intensities to produce muscle contraction.’® With repeated use,
NMES can be used as an alternative treatment to counteract
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[Title/Abstract] “hip arthritis” OR “knee arthritis” OR “hip osteoarthritis” OR “knee osteoarthritis”
OR “hip replacement” OR “knee replacement” OR “hip arthroplasty” OR “knee arthroplasty” OR
“joint replacement” OR “joint arthroplasty” AND ([Title/Abstract] “electrical stimulation” OR
“electrical muscle stimulation” OR electrostimulation OR electric stimulation AND [Title/Abstract]
“muscle strength” OR “muscle mass” OR strengthening OR rehabilitation OR weakness

Figure 1. Search strategy.

muscle impairment in adults with advanced progressive dis-
eases who have difficulty activating their muscles voluntarily.!6
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.!”'® 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.!” 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.?® However, despite the
supporting evidence; NMES remains a clinically underutilised
treatment modality in the orthopaedic population.!” 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.?! 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.!?

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.?? Clinicians can become risk averse and
resistant to change if they suspect a new technology is difficult
to implement.?? 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.2* 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
(ii1) identify potential strategies to increase adherence.

Methods

Protocol and registration

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

registration number: CRID42020224638) and reported in
accordance to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.> 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 18years) 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
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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.?¢ 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.?” 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,?$?° 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.?®

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
trials30-3739-4 and 1 was a pilot randomised controlled trial,’
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).%
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
5.4 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,3234-36:39:42-44 and 1 study included patients listed for
hip replacement surgery.*! Treatment with the surgical arthritic
population was typically postoperative, however 1 study inves-
tigated preoperative NMES, initiated 8weeks prior to sur-
gery,®® and 1 study was initiated 14days pre-surgery and
continued for 60days following surgery.33 In the non-surgical
articles, 2 studies included patients with mild-to-moderate
symptoms,323? 1 study included patients with moderate-to-
severe symptoms,® 1 study included patients with end-stage
osteoarthritis* and 4 studies included a mixed sample.3436:4243
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Figure 2. Study identification flowchart.23

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,* conven-
tional physiotherapy care,3031,333537.384041 yoluntary exer-
cise,3304042 laser therapy,3? education only’»* or sham
stimulation.** Two studies compared NMES to a control group
and an exercise group.’>* Voluntary exercise interventions
included partially supervised, home-based resistance training,
supervised group exercise including lower-extremity strength-
ening, range of motion exercise, functional activities and bal-
ance training,3® volitional strength training targeting the
quadriceps at an outpatient physiotherapy department*® and
biofeedback assisted isometric contractions.*? 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,3* and an arthri-
tis self-help course, including details on disease aetiology, self-
management techniques and goal setting.*?

Studies ranged from 2 to 12weeks in duration, with a
median length of 6weeks. All studies targeted the quadriceps
femoris muscle group, with 1 study stimulating the quadriceps
and calves.*! Two studies investigated more than 1 type of
NMES. In the study by Yoshida et al3! sensory level NMES
and motor-level NMES were compared to a control group.
Oldham et al* compared patterned NMES, random patterned
NMES and uniformed stimulation to sham NMES.

Use of NMES was reported to improve quadriceps stren
gth,30:31,33,3840-44 yoluntary quadriceps activation,’® muscle
thickness and cross-sectional area,? muscle atrophy,’” pain3*
and functional outcome measures30-31,33-35,37,38,42-44 however did
not enhance muscle activation,? strength3®3 or function3 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
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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 studies®>3® and in 1 study, the device tracker
suggested a higher use than that recorded in the logbook.*3

Adberence

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.*

Strategies to increase adherence

Preoperative education and a familiarisation period were high-
lighted as potential contributors to protocol adherence.3%37 In
addition, it was speculated that supervision, or an additional
home-training session to ensure safety and encourage tolerance
helped to increase adherence.3% In the study by Bruce-Brand
et al, 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 al®® 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.3

To monitor and increase adherence the studies included:
comprehensive NMES training,3> written instructions to use
devices in the home environment,* a clear training programme
schedule,®® an intensity threshold set to suit patient tolerance,

built-in adherence monitors3?32373843:44 and participant log-
books.33,35,37,3843:44 T some studies, participants were aware of
the built-in adherence monitor,3%37434* and in some cases, par-
ticipants did not know that their adherence was being tracked.
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.’” In
home-based interventions, some participants were visited at
home to monitor an independent treatment session, to assess
procedural reliability.3”#0 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,3”
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.3” 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.3! In the study by Gremeaux et al,*! 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.3® Other reasons for non-adherence
and attrition related to the device included discomfort, dizzi-
ness and pain.313640 In the study by Stevens-Lapsley et al,3 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.3”

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.” 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.*® However, suc-
cessful implementation of new technologies can only be
achieved once widespread adoption has occurred.?? 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.?* 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.?* 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.!?

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,*’ 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,%
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.>’

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.’*>* 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.” Likewise, in a study by Pisters et al’® 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.>® 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.1>°758 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,”” 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.®® 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.!012 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.3
However, successful clinical outcomes depend upon patients’
adherence to a prescribed treatment regimen,®! 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.
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