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Functional electrical stimulation for foot
drop in people with multiple sclerosis:
The relevance and importance of
addressing quality of movement
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Abstract: Impaired mobility is common in people with multiple sclerosis (MS). Changes in gait have dif-
ferent causes and require individualised gait rehabilitation. A common and often early cause of mobility
impairment is footdrop, inability to lift the foot during the swing phase of gait, with increased risk of falls,
effortful walking and fatigue. Using literature review, we have characterised published data on footdrop
treatment in MS, specifically functional electrical stimulation (FES) to better understand the reported
outcomes relevant to the user. We discuss the strengths and weaknesses of FES and how far it meets the

needs of people with footdrop. Physiotherapy combined with FES may further enhance the benefits of

FES. MS studies emphasise the value of maintaining activity levels in early MS but discussion on how to
achieve this is lacking. We emphasise the value of qualitative measures to broaden our understanding and
improve treatment and adherence and identify areas for further research. Supplementary video material
illustrates key features of MS gait and its correction using FES and physiotherapy.
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Practitioner summary

A survey of literature from 1990 to 2020 shows
substantial evidence for the positive value of func-
tional electrical stimulation (FES) for treatment of
footdrop in multiple sclerosis (MS) using quantita-
tive measures but few that reported qualitative out-
comes. User and observer reported improvements
in quality and safety of walking, user satisfaction
and reduced effort and fatigue indicate wider ben-
efits of the management of footdrop using FES than
walking speed or endurance alone. Using short
video clips, we illustrate, footdrop, FES at different
stages of impaired mobility and postural correction
by physiotherapy, all important to optimise FES
use in MS.

Introduction

MS is a progressive condition most frequently result-
ing in impaired mobility. Many studies describe the
impact of footdrop on gait efficiency and walking

safety.! Falls have been documented in 50% and repeat
falls in 28% of single aid users.! Decreased walking
ability is related to decreased levels of activity,>?
which affects activities of daily living (ADL) and
employment.*>

Footdrop, due to weakness of the anterior calf mus-
cles or increased tone in the posterior calf muscles, is
routinely treated with provision of orthotics such as
an ankle foot orthosis (AFO). The orthotic effect of
such devices is well documented, but many patients
discard them due to discomfort, footwear limitations
and cosmesis.®’

FES is a technological approach providing functional
correction of footdrop by delivering electrical impulses
to the common peroneal nerve and anterior calf mus-
cles. Stimulation mimics normal voluntary gait move-
ment (lifting the foot during the swing phase of gait and
achieving correct placement on the ground).> FES use
in MS is usually delivered through surface adherent
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Table 1. Literature search, inclusion criteria and key words.

Population: MS
disorders
Footdrop: unilateral or bilateral
Intervention studies using
functional electrical stimulation
(surface worn)
Outcomes include user
perception, user satisfaction and
self-report measures

MS, multiple sclerosis, pwMS, progressive neurological disorders, demyelinating

drop foot, dropfoot, footdrop, dropped foot, drop-foot, drop — foot

FES, peroneal nerve stimulation, dropped foot stimulator, peroneal electrical
stimulation, foot drop stimulator, Functional electrotherapy, common peroneal
nerve, ankle flexor and extensor muscles, reciprocal inhibition

quality of life, QOL, effort of walking, activities of daily living, ADL, perception
of function, walking ability, psychosocial impact of assistive devices, Multiple
Sclerosis Walking Scale, MSWS 12, 36-Item Short Form Health Survey, SF36,

Patient global impression of change

English language 1990-2020

Exclusion criteria: non-MS population, FES not used as an intervention, systematic reviews and conference papers.

electrodes although implanted systems are also availa-
ble, but are used rarely in MS due to possible implanta-
tionrisks.® FES, seen as an alternative, has a comparable
or better orthotic effect’10 generating active rather
than passive movement but is in limited use despite
users reporting significantly reduced perception of
exertion on walking and many choosing FES as a pre-
ferred option compared to AFOs.!!

This topical review offers a summary of the most rel-
evant recent information on FES for foot drop in MS
including its limitations, to provide an overview of
the research underpinning current FES treatment and
to address the need to report qualitative as well as
quantitative outcomes in rehabilitation trials. In addi-
tion, recent research indicating that maintenance of
activity may have greater neuroprotective potential
than previously recognised suggests that further
research into maintaining activity in people with MS
is merited.!?

Literature search

Literature searches using databases Embase, PubMed,
Google Scholar and Web of Science for publications
listed between 1990 and 2020 were completed by two
independent research MS specialist physiotherapists
(A.D.S., T.P.) between 2018 and 2020 with following
keywords: people with MS, with foot drop, interven-
tion FES, used to identify relevant FES studies (see
Table 1 for keywords and inclusion criteria). Further
terms such as user satisfaction, user perception and
self-report outcomes allowed further identification of
publications using qualitative outcomes. Thirty-five
articles meeting the search criteria were identified, 19
of these were assessed for inclusion eligibility and 9
were included in the analysis.!%!1-13-19 Eligible papers
were scrutinised and participant characteristics, meth-
ods of data collection and analysis and major findings

of each paper were extracted (A.D.S., T.P.). A critical
interpretive synthesis of the literature and analysis of
the evidence was undertaken® (A.D.S., T.P., R.J.,
T.B., K.R.).

Supplementary material

Additional supplementary video recordings showing
key aspects of footdrop and FES or physiotherapy in
MS were prepared from clinical archives in Bristol
and Prague (A.D.S., T.P., K.R.) with informed con-
sent. Six anonymised video clips are used to illustrate
gait affected by footdrop and specific aspects of FES
and physiotherapy treatment on gait. These are
referred to in the text.

Why consider FES for MS footdrop?

Footdrop can be an early MS symptom and is some-
times overlooked by the clinician or unrecognised by
the patient except after sustained walking when the
onset of fatigue can exacerbate gait problems
(Supplemental Video 1A). We suggest footdrop mer-
its treatment at this stage of impairment for gait cor-
rection, to enable functional walking distance to be
maintained?! and to avoid trips and falls. Maintaining
activity in MS is now recognised to be important for a
range of reasons not the least of which is motivation
of daily activity to encourage independence and main-
tain general fitness.

A review of 21 studies on FES for footdrop in MS??
shows positive orthotic benefit (the immediate change in
gait with FES on, compared with FES off)!3.15.17.1921,23-33
(Supplemental Video 1B). Although few studies to date
report therapeutic benefit (effect that persists after FES
removed??), interest is growing in the potential for
activity to be neuroprotective. Little attention has yet
been paid to mechanisms of neuroprotection through

journals.sagepub.com/home/msj


https://journals.sagepub.com/home/msj

AD Smith, T Prokopiusova et al.

regular exercise nor its impact. It is well accepted that
reduction in daily general activity levels and decondi-
tioning are frequent findings in early stages of MS.

FES evaluation: quantitative and qualitative
outcomes

Most studies evaluated the effect of FES using only
quantitative outcome measures such as walking speed
or walking distance (2-, 5- or 6-minute walking tests,
10-m or 25-foot timed walking tests).2!283435 Such
tests can be quickly administered in clinic to record
and monitor user’s gait speed or distance over time.
However, such quantitative measures can be con-
founded by a range of other factors, for example, neu-
romuscular fatigue. Some studies have explored a
relationship between gait speed and cognitive load3¢-38
which may also confound quantitative measures of
FES impact when used in isolation.

Improvement in walking speed when using FES has
repeatedly been shown to be significant in slow walk-
ers,’® but not in those with faster walking speeds.
Those with self-selected walking speeds <0.8m/s
consistently showed improvement, while those whose
walking speed was >0.8m/s did not;?! hence, slow
walkers are more likely to benefit from an increased
walking speed using FES. However fast and slow
walkers both report qualitative improvements such as
better gait and reduced risk of tripping and falling
(Supplemental Video 1B).

Acknowledging that quantitative measures alone may
not capture important aspects of footdrop treatment
such as quality of gait, acceptability, appropriateness
and possible benefits of long-term use of FES, analy-
sis of literature including qualitative outcomes was
undertaken.

Applying ‘Evidence-Based Medicine’, patients’
perspective should be an integral part of an assess-
ment. Several studies®!:13-19 have used self-report
outcomes, for example, Multiple Sclerosis Walking
Scale (MSWS-12), Multiple Sclerosis Impact Scale
(MSIS-29) and Modified Fatigue Impact Scale
(MFIS) (Table 2) that could provide further impor-
tant and relevant information to the user than quan-
titative measures alone. In addition, improvements
in posture, gait pattern’? and reduced number of
falls,'640 all point to safer walking. Improvements
in Functional Gait Assessment*' and evaluation of
fatigue and physiological cost of gait all indicate
reduced fatigue.*>* One long-term follow-up
study?® records reduced musculoskeletal pain with

FES use, an under explored benefit of FES. Health-
related quality of life is affected positively by FES.#*
Improvements in such outcomes are more likely to
result in sustained FES use than a change in walking
speed or distance.

FES combined with physiotherapy

Research indicates that FES effectiveness could be
increased if used together with exercise stimulation or
physiotherapy.!>2 One study evaluated the effect of
FES together with physiotherapy and found that the
addition of physiotherapy treatment enhanced the
effect of FES on balance (numbers of falls) and gait
(Rivermead Observational Gait Analysis).'® In this
study, where physiotherapy focused on strengthening
the deep abdominal and lower back muscles and con-
trolling hip stability, FES had the dominant effect.'s
However, our pilot study* found that FES improves
balance (Berg Balance Scale, The Activities-Specific
Balance Confidence Scale, Timed Up and Go Test)
and walking ability (2-minute walk test, timed 25-foot
walk test, Multiple Sclerosis Walking Scale-12) but
no more than facilitation physiotherapy (Motor
Program Activating Therapy;* Supplemental Video
3B). FES, with physiotherapy using facilitation tech-
niques, would seem the most effective but randomised
controlled trials are needed to understand which ther-
apeutic methods are most effective.

Using FES with physiotherapy could increase plastic and
adaptive processes in the central nervous system (CNS).
An effect of both FES and physiotherapy on brain plastic-
ity has been documented, but not used together. While an
effect of physiotherapy has been documented at the sys-
tem level*’ by diffusion tensor imaging (brain micro-
structure)®® or functional magnetic resonance imaging
(fMRI brain and spine pathways),*7484950 an effect of
FES using motor-evoked potentials by transcranial mag-
netic stimulation over the motor cortex! was found. This
promising finding needs to be verified.

Long-term use of FES

To fully understand the value of FES use or possible
therapeutic benefit over long-term other outcome meas-
ures should be considered. Although most published
studies of FES in MS!3:1517.1921.23-33 have limited fol-
low-up, one long-term follow-up?® emphasises reduc-
tion of musculoskeletal pain and fatigue, important and
often neglected benefits of FES. Only one study offers
evidence for benefit in more severely affected MS users.
FES has been shown to sustain walking despite increas-
ing disability.!3 Supplemental Video 2A documents an
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important role of FES for people with severe disability
and very limited walking. It illustrates a long-term FES
user able to walk with FES but no longer able to walk
without FES (Supplemental Video 2B). This illustration
of FES use is not widely addressed and most published
studies®13:16.1832 eyaluated FES use over a limited period
(up to 52weeks). Clinical follow-up of FES users may
span several years.

Patient assessment for FES

Although an effect of FES using both quantitative and
qualitative methods has been demonstrated, FES is not
suitable for everyone. Selection and optimum device
programming is very important. For example, spastic-
ity is a sign that could influence whether a person can
use FES. Although an improvement in spasticity and
physiological cost of gait is primarily expected,*> FES
may also cause visible negative effect?03° (Supplemental
Video 3). Expertise in assessment for patient selection
and accurate device programming are vital elements in
the successful delivery of FES services. Use of FES is
limited due to factors such as cost but also the lack of
widespread expertise in assessment and device pro-
gramming, requirements to maximise benefit.

FES as an enabler for exercise

In MS as with other long-term conditions, there is
lower adherence to regular exercise,” due in part to
patients’ psychological barriers and physical limita-
tions.>? Regular exercise is now known to be neuro-
protective and to promote cardiovascular health in
this patient group.>? Regular use of FES has the poten-
tial to enable people with footdrop to better access
and maintain regular activity, probably due to the
positive role of FES on reduction of exertion.!L!416
We advocate further FES research to investigate the
physiological impact of FES and overall role as a
motivator and activator.

Conclusion

We offer arguments for why documented FES benefits
should routinely include user opinions and observed
changes in quality of walking and reduction of fatigue
as well as walking speed, safety and endurance.
Walking speed, while useful, may be only a secondary
consideration for patients as studies repeatedly show
little effect on this measure in those with faster walking
speeds. Including considerations that are important to
the user are needed to gain a fuller understanding.

Assessment and appropriate patient selection by expe-
rienced FES clinicians is important to optimise FES
use in MS and discussion opportunities to address this
should be sought. Due to the progressive nature of MS,
ongoing monitoring with the potential need to adjust
FES devices to accommodate gait changes over time
needs to be considered. Video recordings may benefit
clinicians and user feedback and research to develop
appropriate quantitative evaluation is indicated.>*

Further investigation into the use of FES in more disa-
bled people with MS is strongly indicated. Further
research integrating FES with physiotherapy is
needed to provide data to guide clinicians in optimis-
ing outcome for this patient group.
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