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Abstract
Purpose: To conduct an umbrella review of systematic reviews on functional 
electrical stimulation (FES) to improve walking in adults with an upper motor 
neuron lesion.
Methods: Five electronic databases were searched, focusing on the effect of FES 
on walking. The methodological quality of reviews was evaluated using AMSTAR2 
and certainty of evidence was established through the GRADE approach.
Results: The methodological quality of the 24 eligible reviews (stroke, n = 16; 
spinal cord injury (SCI), n = 5; multiple sclerosis (MS); n = 2; mixed population, 
n = 1) ranged from critically low to high.
Stroke reviews concluded that FES improved walking speed through an orthotic 
(immediate) effect and had a therapeutic benefit (i.e., over time) compared to 
usual care (low certainty evidence). There was low- to- moderate certainty evi-
dence that FES was no better or worse than an Ankle Foot Orthosis regarding 
walking speed post 6 months. MS reviews concluded that FES had an orthotic but 
no therapeutic effect on walking. SCI reviews concluded that FES with or without 
treadmill training improved speed but combined with an orthosis was no better 
than orthosis alone. FES may improve quality of life and reduce falls in MS and 
stroke populations.
Conclusion: FES has orthotic and therapeutic benefits. Certainty of evidence 
was low- to- moderate, mostly due to high risk of bias, low sample sizes, and wide 
variation in outcome measures. Future trials must be of higher quality, use agreed 
outcome measures, including measures other than walking speed, and examine 
the effects of FES for adults with cerebral palsy, traumatic and acquired brain 
injury, and Parkinson's disease.
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1  |  INTRODUCTION

Upper motor neuron (UMN) lesions are commonly asso-
ciated with impaired motor coordination, lack of selective 
voluntary motor control, spasticity, muscle weakness, and 
secondary decreased range of motion. Walking impair-
ments such as foot drop or drop- foot, due to insufficient 
ankle dorsiflexion during the swing phase of walking 
which can lead to trips and falls, are common.

Functional electrical stimulation (FES) has the potential 
to aid walking performance or motor function in general 
by stimulating the peripheral nerve of the muscle through 
electrodes that are placed on the skin or implanted in the 
muscle. Over the last two decades, FES has translated from 
a research tool to become a widely used treatment in 70 
countries.1 There are no published data on the number of 
FES- trained therapists nor the number of patients treated 
worldwide. However, at the time of the publication of this 
article over 3000 clinicians had attended the FES training 
courses provided by Odstock Medical Ltd (OML), a major 
commercial provider of FES devices in the UK and world-
wide. It is estimated that in excess of 27 000 people in the 
UK alone were provided with OML devices.2

The most commonly used FES application for the 
lower limbs is the drop- foot stimulator in which stimu-
lation of the common peroneal nerve causes a contrac-
tion in the anterior tibial and peronei muscles to lift the 
foot, with slight ankle eversion, during the swing phase of 
walking.3 In some cases, stimulation of the peroneal nerve 
elicits a withdrawal reflex, that is, dorsiflexion at the ankle 
and knee and hip flexion. The combined effect increases 
ground clearance during the swing phase, sometimes 
more effectively than dorsiflexion of the ankle alone, but 
in people with hyper- reflex responses, the effect can also 
result in an abnormal gait pattern.4

Multiple channels can activate other movements as-
sociated with walking, such as: calf stimulation to im-
prove “push- off”; hamstring stimulation to increase knee 
flexion or prevent knee hyperextension in stance phase; 
quadriceps stimulation to improve knee stability; gluteal 
stimulation to improve hip extension and hip stability.5 
Bilateral FES is often used for people with bilateral prob-
lems such as spinal cord injury (SCI) and sometimes in 
people with MS.

FES can result in an orthotic effect or a therapeutic ef-
fect or both (Table 1). The term “orthotic effect” is com-
monly used in the literature to describe an immediate 
difference in walking outcomes when FES is turned on 
compared to walking without FES at the same assessment 
point. Therapeutic effect (or treatment or training effect) 
is the change in walking parameters, measured without 
stimulation, following a period of use of the stimulator 
and the total orthotic (or combined) effect is the change 
in walking parameters with stimulation following a pe-
riod of use compared to without stimulation prior to the 
intervention.

Over the last decade, a number of systematic reviews 
synthesizing the evidence for the impact of FES on out-
comes such as walking speed have been published, mostly 
focussing on one particular health condition such as 
stroke or SCI. These systematic reviews differ from each 
other with respect to characteristics such as aims and in-
clusion criteria, but the high number of reviews currently 
available may make it difficult to interpret their findings. 
Umbrella reviews have been developed to address this 
issue. They are reviews of previously published systematic 
reviews or meta- analyses and represent one of the highest 
levels of evidence synthesis currently available.6

The aim of this umbrella review was to systematically 
locate, appraise and synthesize the results of systematic 

K E Y W O R D S

functional electrical stimulation, lower limb impairment, overview of systematic review, 
systematic review, upper motor neuron lesions, walking

Effect

Day 1 Follow- up

No 
stimulation Stimulation No stimulation Stimulation

Initial orthotic ✓ ✓

Continuing 
orthotic

✓ ✓

Total orthotic ✓ ✓

Therapeutic 
(Training)

✓ ✓

T A B L E  1  Comparisons used to 
measure changes in walking performance 
from FES.
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reviews with and without meta- analysis, offering a com-
prehensive and up- to- date evaluation of the evidence 
for the orthotic and therapeutic effect of FES to improve 
walking for adults with UMN lesions. We included re-
views on the following UMN lesions: stroke, Parkinson's 
Disease (PD), multiple sclerosis (MS), incomplete spi-
nal cord injury (SCI), traumatic brain injury (TBI), and 
cerebral palsy (CP). In this umbrella review, we have 
used the term Functional Electrical Stimulation (FES) 
to mean electrical stimulation to achieve a functional 
movement or purpose, which in this review is walk-
ing. We used the term neuromuscular electrical stimu-
lation (NMES) where the primary objective is muscle 
conditioning, rather than directly assisting a functional 
movement.

2  |  METHODS

The protocol was developed using the Preferred Reporting 
Items for Overviews of Reviews (PRIOR)7 and has been 
published on PROSPERO.8 A systematic literature search 
for relevant published reviews was conducted using the fol-
lowing databases: MEDLINE (EBSCO interface), CINAHL 
(EBSCO interface), EMBASE (Ovid interface), and Web of 
Science Core collection. Grey literature was searched using 
Open Grey, MedNar, NICE (National Institute for Health for 
Health and Care Excellence), and Epistemonikos. Registers 
such as PEDro, Cochrane Database of Systematic Reviews, 
and PROSPERO were also searched for potentially eligible 
systematic reviews. Only completed reviews with published 
results were included. If a published version could not be 
located, we contacted the authors listed on PROSPERO. 
Reference lists of the reviews were hand- searched for ad-
ditional potentially relevant articles. Reviews published up 
to the date of the last literature search in August 2021 were 
eligible for inclusion.

Literature search strategies used medical subject 
headings (MeSH) and text words, used individually or 
in combination, including functional electrical sim-
ulation (FES), walking, lower limb weakness, stroke, 
Parkinson's disease (PD), multiple sclerosis (MS), spi-
nal cord injury (SCI), traumatic brain injury (TBI) and 
cerebral palsy (CP). An example of the search strategy 
for Medline (EBSCO) is included in the Supplementary 
Material S1.

2.1 | Eligibility criteria

Systematic reviews (SRs) with either or both narrative 
synthesis and meta- analysis were eligible for inclusion. 

Reviews including studies investigating the effect of FES 
with or without another intervention in adults with UMN 
lesions, as listed above, were included.

Reviews were also included if they focussed on a wider 
range of treatments (e.g., ‘physiotherapy’) rather than just 
FES as long as they reported the results and conclusions 
for the studies reporting on just FES.

We considered reviews that addressed FES for the 
treatment of walking impairments due to an UMN lesion. 
Reviews including studies on single and multi- channel 
electrical stimulation, with all types of external trigger-
ing and both surface and implanted systems that aimed 
to activate one or more muscle groups during walking 
were eligible for inclusion. We did not limit our selection 
of reviews to those that compared FES with a specific al-
ternative treatment, such as orthoses, or no treatment. 
Reviews including all comparators were therefore eligible 
for inclusion.

2.2 | Exclusion criteria

We excluded reviews of studies where electrical stimula-
tion was used solely for muscle conditioning and not to 
assist walking. We did not apply any language filters to 
the search strategy but for pragmatic reasons (languages 
spoken by the authors) only reviews in languages other 
than English, German, French, Spanish, Italian, Greek, 
and Dutch were excluded.

2.3 | Outcomes

Primary outcomes were walking speed and distance, 
functional walking tests (e.g., Timed Up and Go: TUG), 
observational and instrumented gait analysis param-
eters (e.g., joint kinematics), and effort of walking (e.g., 
perceived exertion, Physiological Cost Index (PCI) and 
oxygen consumption) either for orthotic or therapeutic 
effect.

Secondary outcomes were: falls or near falls, self- 
reported Quality of Life (QoL: e.g., Short Form 36; Short 
Form 12, EQ- 5D), activities of daily living related out-
comes (e.g., Stroke Impact Scale, Multiple Sclerosis Impact 
Scale; Canadian Occupational Performance Measure) and 
spasticity or tone (e.g., clinical measurements such as the 
Modified Ashworth Scale) and stiffness (e.g., reflex stiff-
ness and range of motion). Reviews focussing on second-
ary outcomes were included as long as at least one study 
in the review reported a primary outcome. We also aimed 
to extract data on device- related adverse events (type and 
frequency).
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2.4 | Screening process

Literature search results were uploaded to EndNote 
(Version X9.2) and duplicates removed. Two reviewers 
(JB, GB) independently and separately screened the titles 
and abstracts and classified them as “probably relevant” 
and “definitely irrelevant.” If consensus was not reached, 
a third reviewer (TS) was available. Full texts of articles 
that were considered ‘probably relevant’ were indepen-
dently screened against the inclusion and exclusion crite-
ria by two pairs of authors (JB and GB; MvdL and GA) and 
classified as ‘relevant’ and ‘definitely irrelevant’ and ‘un-
sure’. We emailed the main author of articles classed as 
unsure i.e., lacking sufficient information to evaluate the 
final eligibility, or for ongoing systematic reviews (maxi-
mum of 3 emails in a 3- week period) for clarification. The 
reviewers were not blinded to the study authors or their 
institutions. Any disagreements were discussed by all four 
reviewers until consensus was achieved. Reasons for the 
exclusion of “definitely irrelevant” full- text articles were 
noted and included in a PRISMA flow diagram.

2.5 | Data extraction and management

A standard data extraction form was used. Initially, re-
view team members, working in pairs (JB and GB; MvdL 
and GA), extracted data from three reviews. Extracted 
data forms were then compared to check for agreement. 
Once agreement was confirmed, the included systematic 
reviews were assigned randomly 50/50 to each pair who 
extracted data independently. Any disagreements were 
resolved as described above.

For those reviews that included studies on interven-
tions other than FES we only extracted the results and 
conclusions for the studies that reported on the effects of 
FES. Both the number of studies reporting on FES and the 
total number of studies included in the review were ex-
tracted and reported in the data extraction table.

2.6 | Assessment of overlap

To assess the overlap between reviews with respect to 
the studies included, the corrected covered area (CCA) 
was calculated both for the umbrella review as a whole 
and each individual pathology (e.g., stroke, MS, SCI) 
separately. CCA =

(N − r)

rc− r
 where N is the total number of 

publications included in the reviews (including double 
counting), r is the number of index publications, and c is 
the number of reviews. Interpretation of the overlap was 
as follows: slight (0– 5), moderate (6– 10), high (11– 15), or 
very high (greater than 15).9

2.7 | Appraisal of methodological 
quality of the included reviews

Four team authors worked in pairs to independently assess 
the methodological quality of included systematic reviews 
using A Measurement Tool to Assess Systematic Reviews ver-
sion 2 (AMSTAR 2).10 The authors of AMSTAR2 recommend 
reporting items most relevant to a particular umbrella review, 
rather than the total score, for rating methodological qual-
ity.10 For the purpose of this umbrella review, the following 
four items were regarded as critical: ‘4’ (comprehensive liter-
ature search strategy), “9” [satisfactory technique for assess-
ing the Risk of Bias (RoB)], 11 (meta- analysis if performed), 
and 13 (account for RoB in when discussing the results of the 
review). Disagreements were resolved as described above. 
Reviews were not excluded on the basis of these ratings.

2.8 | Summary of findings

The certainty of evidence presented in the reviews that 
included a meta- analysis of more than one controlled 
trial was assessed using the Grading of Recommendation 
Assessment, Development and Evaluation (GRADE) 
approach.11 The certainty of the overall evidence was 
assessed based on the rating of four main domains: limita-
tions in design (e.g., risk of bias), imprecision in results 
(e.g., low sample size), indirectness (population, interven-
tion, or comparator irrelevant to the review) and incon-
sistency (statistically significant heterogeneity) of results. 
For the rating of the RoB, we extracted information from 
the conclusions on RoB in each review. Based on an alpha 
of 0.05, beta of 0.2, and an effect size of 0.2, we regarded 
a total sample size of less than 200 per arm for each com-
parison as a low sample size.12 We used GRADEpro to 
prepare the ‘Summary of findings’ table for the main com-
parisons of each eligible review and to report the certainty 
of the evidence.

2.9 | Measures of treatment effect

In this umbrella review, it was not possible to summa-
rize the evidence using a formal statistical analysis (e.g., 
a meta meta- analysis) due to the variation in the aims of 
the reviews and thus the studies included. This variation 
was mostly in terms of interventions (e.g., muscles under-
going stimulation, interventions in addition to FES) and 
comparators (e.g., usual care, AFO, exercise) and effect 
of FES (orthotic, therapeutic, total orthotic). Therefore, 
in addition to the GRADE summary of findings table for 
the meta- analyses, a narrative summary of the findings 
and data was used to describe, discuss and synthesize key 
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findings and conclusions of reviews for each neurological 
condition separately.

3  |  RESULTS

The results of the literature search are presented in the 
PRISMA flow diagram (Figure 1).

3.1 | Deviations from protocol

Although our protocol excluded systematic reviews of FES 
with children, we included a review in which 14 of the 450 

participants were children with CP as they included a sepa-
rate analysis enabling data for adults with stroke to be ex-
tracted.29 We also included one SCI review in which there 
was one study with one participant aged 12.30 Despite being 
unable to exclude this study, we included this review.

Reasons for the exclusion of reviews are included in 
the PRISMA flow diagram (Figure 1).

3.2 | Included reviews

The literature search, after the removal of duplicates, iden-
tified 1352 reviews of which 24 met the inclusion criteria 
(see PRISMA Flow diagram Figure 1). Table 2 shows the 

F I G U R E  1  PRISMA flow diagram. 

Records iden�fied through database 
searching (n = 1860)

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

Id
en

�fi
ca
�o

n

Addi�onal records iden�fied through 
other sources 

(n = 0)

Titles screened a�er duplicates removed 
(n = 1352)

Abstracts screened 
(n = 97)

Records excluded 
(n = 57)

Full-text ar�cles assessed for 
eligibility (n = 40)

Full-text ar�cles excluded 
(n=16) of which:

not a systema�c review 
(n=1)13

healthy par�cipants 
(n=2)14,15

no walking related 
outcomes (n=11)16-26

mix of upper and lower 
limb studies (n=1)27

Studies included in 
qualita�ve synthesis

(n = 24)

Records excluded 
(n = 1255)



6 |   UMBRELLA REVIEW OF THE EFFECTS OF FES ON WALKING

T
A

B
L

E
 2

 
C

ha
ra

ct
er

is
tic

s o
f t

he
 in

cl
ud

ed
 re

vi
ew

s b
y 

pa
tie

nt
 p

op
ul

at
io

n.

St
ud

y
D

ia
gn

os
is

; d
is

ea
se

 c
ha

ra
ct

er
is

ti
cs

; 
ag

e

N
um

be
r 

of
 F

E
S 

st
ud

ie
s 

(t
ot

al
 n

um
be

r 
of

 s
tu

di
es

);
 

st
ud

y 
de

si
gn

Su
rf

ac
e 

ve
rs

us
 im

pl
an

te
d;

 
si

ng
le

 o
r 

m
ul

ti
pl

e 
ch

an
ne

ls
; 

ty
pe

 o
f s

ig
na

l s
w

it
ch

D
et

ai
ls

 o
f i

nt
er

ve
nt

io
ns

; l
oc

at
io

n;
 

du
ra

ti
on

; d
ay

s 
pe

r 
w

ee
k 

(h
/d

ay
)

St
ro

ke

Bu
sk

 e
t a

l. 
20

20
 [3

1]
St

ro
ke

; a
cu

te
/s

ub
ac

ut
e 

(r
an

ge
 1

6–
 

16
6 d

ay
s)

; m
ea

n 
60

.9
 ye

ar
s (

ra
ng

e 
51

– 6
7 y

ea
rs

)

n 
=

 8 
(8

); 
R

C
Ts

Su
rf

ac
e 

FE
S;

 N
R

; N
R

FE
S +

 ac
tiv

e 
re

ha
bi

lit
at

io
n 

(c
yc

lin
g,

 
er

go
m

et
ry

, b
al

an
ce

 e
xe

rc
is

es
, t

re
ad

m
ill

 
su

pp
or

te
d 

w
al

ki
ng

, f
un

ct
io

na
l 

ki
ne

si
ot

he
ra

py
) v

er
su

s a
ct

iv
e 

re
ha

bi
lit

at
io

n-
 on

ly
; N

R
; 2

– 1
2 w

ee
ks

; 
1–

 5 
pe

r w
ee

k 
(2

0–
 60

 m
in

 p
er

 se
ss

io
n)

da
 C

un
ha

 e
t a

l. 
20

20
 [3

2]
St

ro
ke

; a
cu

te
/s

ub
ac

ut
e/

ch
ro

ni
c;

 
(<

1 
to

 1
08

 m
on

th
s)

; m
ea

n 
ra

ng
e 

45
– 7

2 y
ea

rs

n 
=

 14
 (1

4)
; R

C
Ts

 (n
 =

 13
), 

cr
os

so
ve

r R
C

T 
(n

 =
 1)

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
ch

an
ne

l; 
N

R
FE

S +
 u

ns
up

er
vi

se
d 

ho
m

e 
ex

er
ci

se
s, 

FE
S +

 p
hy

si
ot

he
ra

py
, F

ES
 +

 re
gu

la
r 

ac
tiv

iti
es

 a
t h

om
e 

ve
rs

us
 to

 A
FO

/o
th

er
 

ty
pe

 o
f s

tim
ul

at
io

n/
or

 sh
am

; h
om

e/
ou

tp
at

ie
nt

s; 
2–

 30
 w

ee
ks

 (1
 d

ay
 fo

r 
n 

=
 1)

; 3
– 7

 p
er

 w
ee

k 
(2

0–
 60

 m
in

 to
 a

ll 
da

y 
st

im
ul

at
io

n)

D
un

ni
ng

 e
t a

l. 
20

15
 [3

3]
St

ro
ke

; s
ub

ac
ut

e/
ch

ro
ni

c;
 5

3–
 64

 ye
ar

s
n 

=
 6 

(6
); 

R
C

T 
(n

 =
 4)

; R
C

T 
cr

os
so

ve
r (

n 
=

 2)
Su

rf
ac

e 
FE

S;
 si

ng
le

 c
ha

nn
el

; N
R

FE
S 

on
ly

, F
ES

 +
 P

T;
 N

R
; 6

– 3
0 w

ee
ks

; d
ai

ly
 

(N
R

)

H
ol

la
nd

s e
t a

l. 
20

11
 [3

4]
St

ro
ke

; c
hr

on
ic

; 5
4–

 58
 ye

ar
s

n 
=

 3 
(3

3)
; n

on
- R

C
Ts

 w
ith

 
m

ul
ti-

 fa
ct

or
ia

l e
xp

er
im

en
ta

l 
de

si
gn

s

FE
S 

(N
R

); 
N

R
; N

R
FE

S 
on

ly
, F

ES
 +

 gr
av

ity
 b

al
an

ce
d 

A
FO

 +
 fe

ed
ba

ck
, F

ES
 +

 B
W

ST
T;

 
N

R
; 1

5 d
ay

s-
 9 w

ee
ks

; 3
– 7

 p
er

 w
ee

k 
(4

5 m
in

– u
nr

es
tr

ic
te

d)

H
on

g 
et

 a
l. 

20
18

 [3
5]

St
ro

ke
; c

hr
on

ic
 

(is
ch

em
ic

+
he

m
or

rh
ag

ic
); 

49
.1

– 6
3.

8 y
ea

rs

n 
=

 21
 (2

1)
; R

C
T 

(n
 =

 21
)

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
m

ul
tip

le
 c

ha
nn

el
s; 

N
R

FE
S 

on
ly

, F
ES

 +
 P

T,
 F

ES
 +

 B
W

ST
T,

 
FE

S +
 T

T 
+

 R
PT

, F
ES

 +
 C

PT
, E

S +
 M

T,
 

ES
 +

 L
C

E,
 F

ES
 +

 R
PT

, F
ES

 +
 T

T,
 

N
M

ES
+

C
R

P,
 F

ES
 +

 G
T;

 N
R

; 
3–

 52
 w

ee
ks

; N
R

H
ow

le
tt 

et
 a

l. 
20

15
 [3

6]
St

ro
ke

; a
cu

te
/s

ub
ac

ut
e/

ch
ro

ni
c 

(<
1–

 
46

 m
on

th
s p

os
t- s

tr
ok

e)
; 1

8–
 85

 ye
ar

s
n 

=
 8 

(1
8)

; R
C

T 
(n

 =
 6)

, c
ro

ss
 

ov
er

 (n
 =

 1)
, c

on
tr

ol
le

d 
cl

in
ic

al
 tr

ia
l (

n 
=

 1)

Su
rf

ac
e 

FE
S;

 si
ng

le
 a

nd
 m

ul
tip

le
 

ch
an

ne
ls

; f
oo

t s
w

itc
h 

(fr
eq

ue
nc

y 
25

 to
 5

0 
H

Z;
 p

ul
se

 
w

id
th

 2
00

 to
 4

00
 μs

; b
ot

h 
U

L 
an

d 
LL

, n
ot

 sp
ec

ifi
ed

 fo
r L

L 
on

ly
)

FE
S 

on
ly

, F
ES

 +
 st

an
da

rd
 re

ha
bi

lit
at

io
n,

 
FE

S +
 w

al
ki

ng
 tr

ai
ni

ng
; N

R
; 

3–
 12

 w
ee

ks
; 2

– 5
 p

er
 w

ee
k 

(2
0–

 60
 m

in
)

Ja
ku

bo
w

itz
 e

t a
l. 

20
17

 [3
7]

St
ro

ke
; N

R
; N

R
n 

=
 20

 (2
0)

; R
C

T 
(n

 =
 18

), 
co

ho
rt

 (n
 =

 2)
Su

rf
ac

e 
an

d 
im

pl
an

te
d 

FE
S;

 si
ng

le
 

an
d 

m
ul

tip
le

 c
ha

nn
el

s; 
N

R
N

R
; N

R
; N

R
; N

R



   | 7UMBRELLA REVIEW OF THE EFFECTS OF FES ON WALKING

St
ud

y
D

ia
gn

os
is

; d
is

ea
se

 c
ha

ra
ct

er
is

ti
cs

; 
ag

e

N
um

be
r 

of
 F

E
S 

st
ud

ie
s 

(t
ot

al
 n

um
be

r 
of

 s
tu

di
es

);
 

st
ud

y 
de

si
gn

Su
rf

ac
e 

ve
rs

us
 im

pl
an

te
d;

 
si

ng
le

 o
r 

m
ul

ti
pl

e 
ch

an
ne

ls
; 

ty
pe

 o
f s

ig
na

l s
w

it
ch

D
et

ai
ls

 o
f i

nt
er

ve
nt

io
ns

; l
oc

at
io

n;
 

du
ra

ti
on

; d
ay

s 
pe

r 
w

ee
k 

(h
/d

ay
)

K
af

ri
 e

t a
l. 

20
15

 [3
8]

St
ro

ke
; a

cu
te

/s
ub

ac
ut

e/
 c

hr
on

ic
; 

49
.1

– 6
8.

2 y
ea

rs
n 

=
 16

 (1
6)

; R
C

T,
 R

C
T 

cr
os

so
ve

r, 
al

te
rn

at
e 

as
si

gn
m

en
t

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
m

ul
tip

le
 c

ha
nn

el
s; 

N
R

FE
S 

on
ly

, F
ES

 +
 P

T 
+

 O
T,

 F
ES

 +
 P

T,
 

FE
S +

 ed
uc

at
io

n;
 c

lin
ic

/h
om

e;
 

3–
 30

 w
ee

ks
; 4

 d
ay

s t
o 

da
ily

 u
se

 
(2

0 m
in

– 8
 h

)

K
ot

tin
k 

et
 a

l. 
20

04
 [3

9]
St

ro
ke

; a
cu

te
/s

ub
ac

ut
e/

 c
hr

on
ic

; 
31

– 5
8 y

ea
rs

n 
=

 8 
(8

); 
R

C
T 

(n
 =

 1)
, c

ro
ss

ov
er

 
st

ud
ie

s (
n 

=
 2)

, w
ith

in
- 

su
bj

ec
t c

om
pa

ri
so

n 
(n

 =
 5)

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
m

ul
tip

le
 c

ha
nn

el
s; 

N
R

FE
S 

on
ly

, F
ES

 +
 A

FO
; h

om
e/

in
pa

tie
nt

s; 
1 w

ee
k-

 6 m
on

th
s; 

5–
 7 d

ay
s 

(3
0 m

in
– 1

4 h
)

M
ah

m
ou

di
 e

t a
l. 

20
21

 [4
0]

St
ro

ke
; s

ub
ac

ut
e/

ch
ro

ni
c;

 
42

.5
– 5

8.
7 y

ea
rs

n 
=

 5 
(9

); 
R

C
Ts

Su
rf

ac
e 

FE
S;

 si
ng

le
 a

nd
 m

ul
tip

le
 

ch
an

ne
ls

; N
R

FE
S 

on
ly

, F
ES

 +
 C

PT
; N

R
; 4

– 1
2 w

ee
ks

; 
2–

 7 d
ay

s (
30

 m
in

– 2
 h

)

M
en

de
s e

t a
l. 

20
20

 [4
1]

St
ro

ke
; c

hr
on

ic
 (>

3 m
on

th
s)

; m
ea

n 
ra

ng
e 

53
– 6

4 y
ea

rs
n 

=
 4 

(4
); 

R
C

Ts
Su

rf
ac

e 
an

d 
im

pl
an

te
d 

FE
S;

 si
ng

le
 

an
d 

tw
o 

ch
an

ne
ls

; t
ilt

 se
ns

or
 

an
d 

he
el

 sw
itc

h

FE
S 

ve
rs

us
 A

FO
; h

om
e;

 
12

 w
ee

ks
- 1

2 m
on

th
s; 

2 d
ay

s–
 da

ily
 

(1
5 m

in
 to

 a
ll 

da
y)

N
as

ci
m

en
to

 e
t a

l. 
20

20
 [4

2]
St

ro
ke

; a
cu

te
/c

hr
on

ic
; 4

5–
 65

 ye
ar

s
n 

=
 9 

(1
1)

; R
C

Ts
Su

rf
ac

e 
FE

S;
 si

ng
le

 a
nd

 m
ul

tip
le

 
ch

an
ne

ls
; t

ilt
 se

ns
or

s a
nd

 fo
ot

 
sw

itc
h

FE
S 

on
ly

, F
ES

 v
er

su
s A

FO
; N

R
; 

6–
 30

 w
ee

ks
; c

on
tin

uo
us

ly
 u

se
d 

th
ro

ug
ho

ut
 th

e 
da

y

Pe
re

ir
a 

et
 a

l. 
20

12
 [4

3]
St

ro
ke

; c
hr

on
ic

 
(is

ch
em

ic
+

he
m

or
rh

ag
ic

); 
51

.2
– 6

3.
6 y

ea
rs

n 
=

 7 
(7

); 
R

C
Ts

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
m

ul
tip

le
 c

ha
nn

el
s; 

N
R

FE
S 

on
ly

, F
ES

 +
 P

T 
ve

rs
us

 P
T 

al
on

e,
 

FE
S +

 G
T 

ve
rs

us
 G

T 
al

on
e;

 F
ES

 v
er

su
s 

co
nv

en
tio

na
l w

al
ki

ng
 d

ev
ic

e;
 F

ES
 

ve
rs

us
 w

al
ki

ng
 p

ro
gr

am
; E

S-
 as

si
st

ed
 

cy
cl

in
g 

ve
rs

us
 c

yc
lin

g 
w

ith
 sh

am
 

st
im

ul
at

io
n;

 N
R

; N
R

; N
R

Pr
en

to
n 

et
 a

l. 
20

16
 [4

4]
St

ro
ke

; c
hr

on
ic

; 5
2.

6–
 64

.3
 ye

ar
s

n 
=

 7 
(7

); 
R

C
Ts

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 N

R
; 

N
R

FE
S 

ve
rs

us
 A

FO
; h

om
e/

ou
tp

at
ie

nt
s; 

3–
 26

 w
ee

ks
; 2

 d
ay

s–
 da

ily
 (1

5 m
in

– a
ll 

da
y)

Pr
en

to
n 

et
 a

l. 
20

18
 [2

9]
C

P/
st

ro
ke

; u
ni

la
te

ra
l f

oo
t d

ro
p,

 
st

ro
ke

: a
cu

te
/s

ub
ac

ut
e/

ch
ro

ni
c;

 
8–

 61
.5

8 y
ea

rs

n 
=

 7 
(8

 in
 to

ta
l);

 R
C

T 
cr

os
so

ve
r 

(n
 =

 1)
, p

ar
al

le
l g

ro
up

 R
C

T 
(n

 =
 7)

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
du

al
 c

ha
nn

el
; N

R
FE

S 
ve

rs
us

 A
FO

; h
om

e/
ou

tp
at

ie
nt

s; 
3–

 36
 w

ee
ks

; 5
 d

ay
s–

 da
ily

 (1
5 m

in
– a

ll 
da

y)

R
om

er
a 

de
 F

ra
nc

is
co

 e
t a

l. 
20

16
 [4

5]
St

ro
ke

; a
cu

te
/c

hr
on

ic
; 4

8–
 67

 ye
ar

s
n 

=
 11

 (1
1)

; R
C

Ts
Su

rf
ac

e 
an

d 
im

pl
an

te
d 

FE
S;

 si
ng

le
 

an
d 

m
ul

tip
le

 c
ha

nn
el

s; 
N

R
FE

S 
on

ly
, F

ES
 v

er
su

s e
xe

rc
is

e 
pr

og
ra

m
; 

ho
m

e;
 2

 w
ee

ks
– 6

 m
on

th
s; 

da
ily

 (N
R

)

Sp
in

al
 co

rd
 in

ju
ry

H
am

za
id

 a
nd

 D
av

is
, 2

00
9 

[4
6]

Sp
in

al
 c

or
d 

in
ju

ry
; C

4–
 T8

, A
SI

A
 C

/D
; 

N
R

n 
=

 1 
(3

3)
; e

xp
er

im
en

ta
l d

es
ig

ns
FE

S 
(N

R
); 

N
R

; N
R

FE
S +

 B
W

ST
T 

+
 o

ve
rg

ro
un

d 
ga

it 
tr

ai
ni

ng
; 

N
R

; 4
 w

ee
ks

; 5
 p

er
 w

ee
k 

(1
 h

 p
er

 d
ay

)

H
ar

ve
y 

et
 a

l. 
20

16
 [4

7]
Sp

in
al

 c
or

d 
in

ju
ry

; a
cu

te
 (C

4–
 T9

); 
N

R
n 

=
 1 

(3
8)

; R
C

Ts
 a

nd
 c

ro
ss

ov
er

 
de

si
gn

ES
 (N

R
); 

N
R

; N
R

ES
 +

 B
W

ST
T 

+
 o

ve
rg

ro
un

d 
ga

it 
tr

ai
ni

ng
; 

N
R

; 4
 w

ee
ks

; 5
 p

er
 w

ee
k 

(1
 h

 p
er

 d
ay

)

T
A

B
L

E
 2

 
(C

on
tin

ue
d)

(C
on

tin
ue

s)



8 |   UMBRELLA REVIEW OF THE EFFECTS OF FES ON WALKING

St
ud

y
D

ia
gn

os
is

; d
is

ea
se

 c
ha

ra
ct

er
is

ti
cs

; 
ag

e

N
um

be
r 

of
 F

E
S 

st
ud

ie
s 

(t
ot

al
 n

um
be

r 
of

 s
tu

di
es

);
 

st
ud

y 
de

si
gn

Su
rf

ac
e 

ve
rs

us
 im

pl
an

te
d;

 
si

ng
le

 o
r 

m
ul

ti
pl

e 
ch

an
ne

ls
; 

ty
pe

 o
f s

ig
na

l s
w

it
ch

D
et

ai
ls

 o
f i

nt
er

ve
nt

io
ns

; l
oc

at
io

n;
 

du
ra

ti
on

; d
ay

s 
pe

r 
w

ee
k 

(h
/d

ay
)

K
ar

im
i, 

20
13

 [4
8]

Sp
in

al
 c

or
d 

in
ju

ry
; N

R
; 2

2–
 55

 ye
ar

s
n 

=
 16

 (1
6)

; c
as

e 
st

ud
ie

s a
nd

 
cl

in
ic

al
 tr

ia
ls

FE
S 

(N
R

); 
N

R
; N

R
FE

S 
on

ly
, m

ec
ha

ni
ca

l o
rt

ho
se

s, 
hy

br
id

 
(F

ES
 +

 m
ec

ha
ni

ca
l o

rt
ho

se
s)

; N
R

; N
R

 
(N

R
)

La
m

 e
t a

l. 
20

07
 [3

0]
Sp

in
al

 c
or

d 
in

ju
ry

; c
hr

on
ic

 c
om

pl
et

e/
in

co
m

pl
et

e;
 1

8–
 64

 ye
ar

s (
ex

ce
pt

 fo
r 

on
e 

in
di

vi
du

al
 a

ge
d 

12
)

n 
=

 17
 (4

1)
; R

C
T 

(n
 =

 1)
; p

re
/

po
st

- te
st

 (n
 =

 16
)

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
m

ul
tip

le
 c

ha
nn

el
s; 

N
R

FE
S 

on
ly

, F
ES

 +
 ga

it 
tr

ai
ni

ng
, 

FE
S +

 br
ac

in
g;

 h
om

e/
in

pa
tie

nt
s/

ou
tp

at
ie

nt
s; 

5 w
ee

ks
 to

 3
 ye

ar
s; 

FE
S 

on
ly

: 3
– 5

 d
ay

s (
20

 m
in

- 3
 h

), 
FE

S +
 ga

it 
tr

ai
ni

ng
: 3

– 5
 d

ay
s (

20
– <

90
 m

in
), 

FE
S +

 br
ac

in
g:

 v
ar

io
us

 (N
R

)

N
ig

ht
in

ga
le

 e
t a

l. 
20

07
 [4

9]
Sp

in
al

 c
or

d 
in

ju
ry

; c
om

pl
et

e/
in

co
m

pl
et

e;
 N

R
n 

=
 36

 (3
6)

; c
as

e 
st

ud
ie

s
Su

rf
ac

e 
an

d 
im

pl
an

te
d 

FE
S;

 N
R

; 
N

R
FE

S 
ve

rs
us

 o
rt

ho
tic

s, 
FE

S 
w

ith
/

w
ith

ou
t; 

H
om

e 
(p

ar
tia

lly
 re

po
rt

ed
); 

4 w
ee

ks
– 1

8 m
on

th
s; 

5 
pe

r w
ee

k–
 da

ily
 

(N
R

)

M
ul

tip
le

 sc
le

ro
sis

M
ill

er
 e

t a
l. 

20
17

 [5
0]

M
ul

tip
le

 sc
le

ro
si

s; 
ED

SS
 3

.5
– 5

.9
;

46
.5

– 5
6 y

ea
rs

n 
=

 19
 (1

9)
; n

on
- R

C
T 

(n
 =

 8)
, 

R
C

T 
(n

 =
 1)

, R
C

T 
cr

os
so

ve
r 

(n
 =

 1)
, o

bs
er

va
tio

na
l 

(n
 =

 8)
, c

as
e-

 co
nt

ro
l (

n 
=

 1)

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S;
 si

ng
le

 
an

d 
du

al
 c

ha
nn

el
; N

R
FE

S 
ve

rs
us

 A
FO

s, 
FE

S 
ve

rs
us

 e
xe

rc
is

e 
pr

og
ra

m
; h

os
pi

ta
l/

ho
m

e;
 N

R
; d

ai
ly

 
(u

nr
es

tr
ic

te
d)

Sp
ri

ng
er

 e
t a

l. 
20

17
 [5

1]
M

ul
tip

le
 sc

le
ro

si
s; 

8.
6–

 17
.7

 ye
ar

s s
in

ce
 

di
ag

no
si

s; 
47

.8
– 5

7 y
ea

rs
n 

=
 12

 (1
2)

; R
C

T 
(n

 =
 2)

, R
C

T 
cr

os
so

ve
r (

n 
=

 1)
, c

as
e 

se
ri

es
 

(n
 =

 4)
, c

om
pa

ra
tiv

e 
st

ud
ie

s 
(n

 =
 3)

, c
ro

ss
- s

ec
tio

na
l 

(n
 =

 2)

Su
rf

ac
e 

FE
S;

 si
ng

le
 a

nd
 d

ua
l 

ch
an

ne
l; 

N
R

FE
S 

ve
rs

us
 e

xe
rc

is
e 

pr
og

ra
m

, F
ES

 
ve

rs
us

 n
o 

in
te

rv
en

tio
n;

 h
om

e;
 

2 w
ee

ks
– 6

 m
on

th
s; 

da
ily

 (N
R

)

M
ix

ed
 p

at
ie

nt
 p

op
ul

at
io

ns

R
oc

he
 e

t a
l. 

20
09

 [5
2]

St
ro

ke
/M

S/
SC

I/
TB

I; 
ac

ut
e/

su
ba

cu
te

/
ch

ro
ni

c 
C

V
A

, S
C

I, 
ch

ro
ni

c 
TB

I; 
N

R
n 

=
 30

 (3
0)

; R
C

Ts
, c

as
e 

st
ud

ie
s

Su
rf

ac
e 

an
d 

im
pl

an
te

d 
FE

S,
 

N
M

ES
; s

in
gl

e 
an

d 
m

ul
tip

le
 

ch
an

ne
ls

; f
oo

ts
w

itc
h

FE
S 

on
ly

, F
ES

 v
er

su
s P

T/
H

EP
/O

T/
el

ec
tr

oa
cu

pu
nc

tu
re

/A
FO

), 
FE

S 
co

m
bi

ne
d 

co
nv

en
tio

na
l r

eh
ab

/P
T/

BT
X

/g
ai

t t
ra

in
er

; h
om

e/
in

pa
tie

nt
; 

2 d
ay

s–
 3 y

ea
rs

; o
ne

- o
ff-

 da
ily

 (1
0 m

in
– a

ll 
da

y)

A
bb

re
vi

at
io

ns
: A

FO
, a

nk
le

 fo
ot

 o
rt

ho
si

s; 
BT

X
, b

ot
ul

in
um

 to
xi

n;
 B

W
ST

T,
 b

od
y 

w
ei

gh
t s

up
po

rt
ed

 tr
ea

dm
ill

 tr
ai

ni
ng

; C
P,

 c
er

eb
ra

l p
al

sy
; C

PT
, c

on
ve

nt
io

na
l p

hy
si

ca
l t

he
ra

py
; C

R
P,

 c
on

ve
nt

io
na

l r
eh

ab
ili

ta
tio

n 
pr

og
ra

m
; 

C
V

A
, c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t; 

ED
SS

, E
xp

an
de

d 
D

is
ab

ili
ty

 S
ta

tu
s S

ca
le

; E
S,

 e
le

ct
ri

ca
l s

tim
ul

at
io

n;
 F

D
S,

 fo
ot

 d
ro

p 
st

im
ul

at
or

; F
ES

, f
un

ct
io

na
l e

le
ct

ri
ca

l s
tim

ul
at

io
n;

 G
T,

 g
ai

t t
ra

in
er

 e
xe

rc
is

e;
 H

EP
, h

om
e 

ex
er

ci
se

 
pr

og
ra

m
; L

C
E,

 le
g 

cy
cl

in
g 

ex
er

ci
se

; L
L,

 lo
w

er
 li

m
b;

 M
S,

 m
ul

tip
le

 sc
le

ro
si

s; 
M

T,
 m

ir
ro

r t
he

ra
py

; N
M

ES
, n

eu
ro

m
us

cu
la

r e
le

ct
ri

ca
l s

tim
ul

at
io

n;
 N

R
, n

ot
 re

po
rt

ed
; O

T,
 o

cc
up

at
io

na
l t

he
ra

py
; P

N
S,

 p
er

on
ea

l n
er

ve
 

st
im

ul
at

io
n;

 P
T,

 p
hy

si
ca

l t
he

ra
py

; R
C

T,
 ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l; 
R

PT
, r

eg
ul

ar
 p

hy
si

ca
l t

he
ra

py
; S

C
I, 

sp
in

al
 c

or
d 

in
ju

ry
; T

BI
, t

ra
um

at
ic

 b
ra

in
 in

ju
ry

; T
T,

 tr
ea

dm
ill

 tr
ai

ni
ng

; U
L,

 u
pp

er
 li

m
b.

TA
BL

E 
2 

(C
on

tin
ue

d)



   | 9UMBRELLA REVIEW OF THE EFFECTS OF FES ON WALKING

characteristics of the included reviews, grouped by patient 
population. The majority of the reviews focused on stroke 
populations (n = 16),29,31– 45 followed by SCI (n = 5),30,46– 49 
MS (n = 2)50,51 and one with mixed populations.52 No re-
views of PD, adult CP or TBI were found. Reviews were 
published between 2004 and 2021. The total number of 
relevant studies included in this review was 285 and the 
number of relevant studies in each review ranged from 1 
to 41.

To take into account the overlap of the included 
studies in the reviews, we calculated the corrected cov-
ered area (CCA) which was 2.5% for the whole umbrella 
review which is defined as “slight overlap.” However, 
when the CCA was calculated for each pathology 
separately this was 45% for the reviews on MS (“very 
high”), 8.0% for stroke (“moderate”) and 7.5% for SCI 
(“moderate”).

Reviews reported either the average age range of par-
ticipants or the actual age range. Where reported, the av-
erage age for the studies in the stroke reviews ranged from 
49 to 72 years and for the MS reviews from 47 to 57 years. 
The average age was not reported for the studies included 
in the SCI reviews, but the age ranged between 12 and 64. 
Five reviews did not report the age of the participants in 
the included studies.37,46,47,49,52

Twenty reviews used the term FES and four used 
either Electrical Stimulation (ES) or NMES but we 
only extracted the information regarding interventions 
in which the nerves were stimulated during gait (i.e., 
functional). However, for two reviews it was not clear 
whether the interventions in the included studies in-
vestigated FES or NMES as defined in this umbrella 
review.35,43

The majority (n = 15) of the reviews included 
studies reporting on both single and multi- channel 
stimulation,29,30,35– 43,45,50– 52 with two reviews includ-
ing only studies which investigated the effect of single- 
channel stimulation.32,33 The remaining reviews did not 
report this information.31,34,44,46– 49 Fourteen reviews 
stated that studies of both surface and implanted FES 
were included,29– 31,35,37– 39,41,49,50,52 with six reviews only 
including studies using surface stimulation31,33,36,40,42,51; 
in four reviews the inclusion criteria for this were not re-
ported.34,46– 48 Information on the type of signal switch was 
only provided in four reviews.36,41,42,52 Four reviews were 
known to have included studies reporting the use of both 
bilateral and single- leg stimulation.30,38,39,50

The most common comparators in the inter-
ventions were ankle foot orthoses (AFOs) (n = 1
2),29,32,34,39,41,42,44,45,48– 50,52 physiotherapy (n = 9) 
,32,33,35,36,38,40,43,45,52 gait training (n = 7),30,31,35,36,43,46,47 
bodyweight- supported treadmill training (BWSTT),35,45– 47 
and exercise programmes (n = 4).31,32,50,51

3.3 | Methodological quality of the  
reviews

Based on four items of the AMSTAR2 which we regarded 
as critical, the overall methodological quality of nine re-
views was rated as “critically low” (more than one critical 
flaw), or “low” (one critical flaw), in five this was “moder-
ate” (one or more than one non- critical weakness) and in 
one (Cochrane) review this was “high” (no weakness) (see 
Supplementary Material S2). Considering each health con-
dition separately, the methodological quality of reviews on 
stroke was “critically low” (n = 6), “low” (n = 7), “moder-
ate” (n = 2), and “high” (n = 1), for the two MS reviews this 
was “low” and “moderate,” respectively, and for the five 
SCI reviews this was “low” (n = 1) or “critically low” (n = 3) 
except the review by Harvey et al.47 (“moderate” quality). 
The methodological quality of the mixed population review 
was also rated as “moderate.” The reason for downgrading 
the methodological quality was mostly due to not explain-
ing why the search was restricted to articles in the English 
language (criteria 4, comprehensive literature search strat-
egy). Further, nearly half of the systematic reviews did not 
account for the risk of bias when discussing the results in 
the reviews, hence were given a “no” for item 13.

Another common weakness, which was regarded 
as non- critical in our umbrella review was the failure 
to publish the review protocol prior to performing the 
review (Item 2, n = 17)30,31,33– 35,37– 40,43,44,46– 49,51,52 and 
not providing the references for potentially relevant 
studies which did not fit the inclusion criteria (Item 7, 
n = 19).29,30,32,34– 38,40,43– 52

3.4 | Pathology- specific effects of FES on 
walking- related outcomes

3.4.1 | Stroke

Ten reviews investigated the effects in the chronic  
phase29,31,33– 35,39– 41,43,44 and one review did not report this in-
formation.37 Five reviews included studies with stroke sur-
vivors in the acute, subacute, and chronic phase.32,36,38,42,45 
Of the 16 reviews with stroke survivors, one summarized 
the evidence on the orthotic effect of FES,39 13 the thera-
peutic effect or total orthotic effect,29,31– 36,38,40– 44 one re-
ported on both37 and in one it was not clear whether the 
focus was an orthotic or therapeutic effect.45

3.4.2 | Orthotic effect in stroke reviews

Only the review by Kottink et al.39 included a meta- 
analysis of the orthotic effect and it was found that the 
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pooled effect of FES on versus off was an increase in 
walking speed of 0.13 m/s. Other reviews also concluded 
that FES has a positive total orthotic effect on outcomes 
such as walking speed and the Timed Up and Go test 
(Table 3).33,37,44,45

3.4.3 | Therapeutic effect and total orthotic 
effect in stroke reviews

Table 4 reports the certainty of evidence provided in nine 
reviews (meta- analyses of 14 comparisons) on the thera-
peutic effect or total orthotic effect of FES in stroke surv
ivors.29,31,32,35,36,41– 44 These nine reviews could be divided 
into two categories; (1) reviews including studies inves-
tigating the effect of any type of FES on the lower limbs 
with or without other interventions and compared with 
any other intervention or treatment as usual (TAU), (2) 
reviews which only included studies on the effect of FES 
to treat foot drop and compared this to AFOs or TAU. For 
the first category, a significant therapeutic effect on walk-
ing speed favoring FES was found by Busk et al.31 (FES 
to any lower limb muscle plus active rehabilitation versus 
active rehabilitation only, mean difference (MD) 0.15 m/s, 
low certainty evidence), Hong et al.35 (FES to any lower 
limb muscle vs. intervention without FES; standardized 
mean difference (SMD) 0.41 m/s, moderate certainty evi-
dence) and da Cunha32 (FES plus physiotherapy vs. physi-
otherapy only, MD 0.15 m/s, low certainty evidence). The 
remaining comparisons in the reviews by da Cunha et al.32 
and Pereira et al.43 did not favor the intervention involving 
FES nor the control intervention (low certainty evidence).

For those reviews that only included studies aiming 
to investigate the therapeutic effect of FES to treat foot 
drop in particular, only the review by Nascimento et al.42 
showed a significant effect favoring FES (FES vs. TAU, MD 
0.09 m/s, low certainty evidence). However, there is low- 
to- moderate certainty evidence that there is no difference 
in the therapeutic effect on walking speed between FES 
and AFO.29,42 Two reviews including studies investigat-
ing the total orthotic effect (i.e., meta- analysis of walking 
speed when assisted by FES or AFO at follow- up) reported 
a significant effect favoring AFOs at short- term follow- up 
(Mendes et al.,41 FES vs. AFO follow- up up to 6 months, 
MD 0.05 m/s, moderate certainty evidence and Prenton 
et al.,44 FES vs. AFO, follow- up at 12 weeks, MD 0.04 m/s, 
moderate certainty evidence). However, there is moderate 
certainty evidence that there is no difference in the total 
orthotic effect between AFO and FES at a follow- up at 
more than 6 months.41,44

Two reviews comparing FES with AFOs but not in-
cluded in the GRADE table also concluded that although 
FES had a therapeutic or total orthotic effect, it was not 

superior nor inferior to that of an orthosis (Table 3).37,38 
A further review, also not included in the GRADE table, 
concluded that FES combined with physiotherapy was 
more effective in improving walking speed compared to 
physiotherapy only,45 which agrees with the results of the 
meta- analyses by Busk et al.31 and da Cunha et al.32 de-
scribed above.

3.4.4 | Orthotic and therapeutic effects in 
people with SCI

Of the five reviews of studies with SCI participants, two 
reported the exact level of spinal injury of the participants 
in the studies,46,47 while two only stated “complete” or 
“incomplete,”30,49 with one review not reporting either.48 
Two reviews summarized the evidence on a therapeutic 
effect of FES,46,47 two on the orthotic effect,48,49 one on 
both (Table 3).30

One review reported the effect of FES in combination 
with BWSTT and found therapeutic improvement in gait 
speed and endurance.46 Another compared hybrid ortho-
ses (FES + Orthosis) with orthoses alone and found no 
difference in the outcome.48 Harvey et al.47 reviewed the 
effect of a range of physiotherapy strategies, including FES 
with inconclusive results on FES (only one study). The re-
maining two reviews both concluded that evidence that 
FES can improve gait,30,49 with Lam et al.30 finding that 
the therapeutic effect was greater in the subacute phase. 
In addition, Nightingale et al.49 suggested increased car-
diorespiratory fitness and muscle strength through im-
proved walking performance.

3.4.5 | Orthotic and therapeutic effects in 
people with MS

Both reviews with MS reported on both orthotic and ther-
apeutic effects50,51 and so did the one review with a mixed 
population including people with MS.52 Only one review 
reported the range of Expanded Disability Status Scale 
(EDSS) of those taking part in the studies,50 which was 
3.5 to 6. Both concluded that FES resulted in an orthotic 
effect on walking speed over short distances which was 
maintained over time, but neither found evidence for a 
therapeutic effect (Table 3).50,51

3.5 | Effect of FES on secondary outcome 
measures (all health conditions)

Sixteen of the 24 reviews evaluated the effect of FES on 
secondary outcomes as defined in this review. Stroke 
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reviews concluded that there is evidence that FES posi-
tively affects QoL33,38,45; walking- related activities of daily 
living33,38; falls33; spasticity35; active range of motion.32 
However, in their review of FES for people with MS, 
Springer et al.51 concluded that there was no therapeu-
tic effect on the modified Emory Functional Ambulation 
Profile (mEFAP).

Reviews comparing the effects of FES with AFOs con-
cluded that both were equally beneficial with regard to 
QoL41,44 or number of falls.33,41 Dunning et al.33 reported 
that the percentage of participants reporting skin irri-
tation ranged from 8% to 35% in FES users compared to 
2%– 2.3% in AFO users. Mendes et al.41 concluded there 
was low- to- moderate certainty evidence that the use of 
FES did not increase the number of serious adverse events 
such as falls compared to an AFO, but that there was low 
certainty evidence that FES may result in a higher number 
of dropouts (e.g., due non- compliance with the protocol 
and discontinuation of the interventions). However, inter-
estingly, a user preference for FES over an AFO was also 
reported by three reviews.33,45,49

4  |  DISCUSSION

The aim of this umbrella review was to evaluate the effec-
tiveness of FES applied to the lower limb to improve walk-
ing outcomes for adults with UMN lesions. All reviews in 
stroke concluded that there was a positive orthotic and/
or therapeutic effect of FES on walking. There is cur-
rently no evidence for the superiority of the therapeutic 
effect of FES compared to other treatments such as AFOs. 
However, three stroke reviews concluded that FES com-
bined with physiotherapy is more effective in improving 
walking compared to physiotherapy alone. Both reviews 
for people with MS concluded that FES has a positive or-
thotic effect but no therapeutic effect. The reviews on SCI 
concluded that FES with or without BWSTT improved 
gait speed and endurance but outcomes with FES com-
bined with a mechanical orthosis did not improve walking 
speed compared to a mechanical orthosis only. The only 
review including both studies on MS and stroke survivors 
concluded that FES has an orthotic but not a therapeutic 
effect during walking.

Synthesizing findings has generated support for the 
use of FES, especially in terms of its orthotic benefit with 
regard to walking speed regardless of health condition. 
Reviews that included studies with acute and sub- acute 
stroke patients, who may have experienced natural recov-
ery, may partly have accounted for the therapeutic bene-
fits reported and concluded in those reviews.32 The two 
reviews on MS concluded that the majority of the studies 
did not report any therapeutic benefits. The authors in 

both reviews suggested that the presence of a therapeutic 
effect may depend on a range of factors such as the du-
ration of FES use, walking ability of the participants at 
baseline, and the type of MS (progressive vs. relapse re-
mitting).50,51 The progressive nature of MS may also play 
a role when exploring the therapeutic effect of FES over 
a period of several years. However, using FES may allow 
people with MS to retain their functional walking category 
and mobility for longer.53

Although the majority of the reviews focus on walking 
speed as their primary outcome measure, it is important 
to highlight that FES was also found to improve quality 
of life, reduce falls, increase active range of motion, de-
crease spasticity, and improve walking- related activities of 
daily living. Further, three reviews concluded that most 
patients preferred FES over an AFO. This is interesting 
as most meta- analyses showed that in terms of improved 
walking speed, both are equally effective. It is possible 
that FES users also value outcomes other than walking 
speed such as the ability to perform walking- related ac-
tivities of daily living or a reduction in the number of 
falls. Unfortunately, relatively few reviews synthesized 
the findings of these secondary measures. Authors may 
have omitted secondary outcomes in their reviews sim-
ply because of the wide range of outcome measures used 
by individual studies, which would have made pooling 
evidence impractical. These findings support the call for 
internationally agreed core outcome measures54 and for 
FES studies to always include a range of outcomes taken 
from each category of the International Classification 
of Function (ICF) Framework.55 In combination, these 
weaknesses in the included reviews highlight the need for 
more comprehensive evidence for the benefit of FES on 
secondary outcomes.

A recent narrative review of the use of FES, by Smith 
et al.56 also concluded that future studies should in-
vestigate the impact of FES on a wider range of Patient 
Reported Outcomes (PROMS) but also use qualitative ap-
proaches to capture users' opinions and observed changes 
in addition to changes in quantitative outcomes. A qual-
itative study by Wilkinson et al.57 of 20 people less than 
6 months post- stroke explored ‘valued personal’ benefits 
of FES not measured by walking speed and identified fac-
tors such as spontaneity, freedom, automaticity (ability to 
walk without thinking about it), and self- determination 
as important benefits. Other qualitative studies by Bulley 
et al.58 and Miller Renfrew et al.59 including people with 
MS reported similar findings. These self- reported benefits 
but also possible adverse events of FES such as skin irrita-
tion and how to deal with these are rarely included in sys-
tematic reviews, which highlights the need to incorporate 
expert consensus and the views of all stakeholders for the 
development of clinical practice guidelines on FES.
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The AMSTAR2 appraisal tool showed that the meth-
odological quality of 18 out of 24 of the reviews was 
rated low or critically low. The methodological quality 
of many of the reviews was downgraded due to not ex-
plaining why the search was restricted to articles in the 
English language only and not taking into account the 
Risk of Bias when discussing the results. The majority 
(n = 18 out of 24) of these reviews were published before 
the AMSTAR2 tool was published, so it may be expected 
that the methodological quality in future reviews will be 
higher.

Of the 24 systematic reviews, only 11 included a meta- 
analysis of which nine had sufficient data to be included 
in the GRADE summary of findings table. Certainty of 
the evidence presented in the systematic review was often 
downgraded because of the high risk of bias due to lack 
of blinding of the outcome assessor, participants, or both. 
Blinding of the participants is impossible in FES research 
but blinding of the outcome assessor in studies investigat-
ing the therapeutic effect is possible and should be con-
sidered in future studies. Another reason for downgrading 
the certainty of evidence was that the majority of the stud-
ies included in the reviews had small sample sizes (<50 
per arm) with wide confidence intervals.

Synthesizing the conclusions and conducting meta- 
analysis was also complicated by the fact that many re-
views included a broad variety of FES interventions, that 
is, variety of muscles targeted by FES, applied with or 
without other interventions, or setting (hospital or daily 
use at home).

Reviews included very few trials with a follow- up 
of 1 year or more. While clearly, long- term benefits are 
critical to adoption, extended follow- up assessments 
are frequently omitted from RCTs for practical reasons. 
Evidence for long- term effects does however exist from 
audit data, for example, Taylor et al.60 reported the mean 
time for use of a drop- foot stimulator was 3.6 years and 
people with stroke experienced a total orthotic effect in-
crease of 45% in walking speed over the course of their 
treatment.

There was no evidence for differences in the number 
of falls between FES and AFO, but the effect of assistive 
technology to aid walking on falls is hard to gauge; if FES 
(or an AFO) enables people to walk further and out- of- 
doors then the “opportunity” for, and, therefore, number 
of falls, may increase. Future studies might include out-
comes such as a step counter or activity monitor, to not 
only measure change in the amount of walking, but also 
to verify whether more walking is associated with an in-
creased number of falls. Measuring the walking activity 
such as step count in trials investigating the therapeutic 
effect of FES may also provide insight into the reasons for 
the presence or absence of such an effect.

4.1 | Limitations of the reviews included 
in the umbrella review

Limitations include the low methodological quality of the 
included systematic reviews and the wide variety of meth-
odologies used made the interpretation of results complex. 
Six of the 24 reviews included did not distinguish between, 
or directly report, orthotic and therapeutic effects. Only 
through careful examination of their data were we able 
to extract this information from five of the six reviews. In 
our view, future reviews should clearly define and sepa-
rately report orthotic, therapeutic, and total orthotic ef-
fects of FES. Ten reviews did not report on any secondary 
outcomes and adverse events were only reported in four 
reviews, despite the primary importance of safety for the 
transfer of technologies to clinical practice.61 Falls and 
near falls were also only reported in three reviews. We did 
not identify any systematic reviews of FES with people 
with PD, adults with CP, or acquired brain injury possibly 
due to the novelty of its application in these populations, 
despite there being RCT evidence to support its use.62

4.2 | Strengths of the umbrella review

This is the first umbrella review on the effect of FES on 
walking outcomes and secondary outcome measures 
across the ICF domains in adults with a UMN lesion. In 
our comprehensive synthesis of the available evidence, we 
highlighted consensus among the reviews with regard to 
the orthotic effect of FES, the equally beneficial effect of 
FES and AFO on walking speed, and the additional ben-
efit of FES when combined with physiotherapy compared 
to physiotherapy alone. We also identified several gaps in 
the evidence, such as the lack of evidence on outcomes 
other than walking speed and recommended directions 
for future research.

5  |  CONCLUSIONS

This comprehensive umbrella review found evidence for 
both orthotic and therapeutic benefits of FES in improv-
ing walking in stroke. There is low- to- moderate certainty 
evidence that FES is neither superior nor inferior to an 
orthosis in improving walking speed. FES for people 
with MS has orthotic effects, but a therapeutic effect 
may depend on factors such as type of MS (progressive 
vs. relapse- remitting), amount of FES use, and base-
line walking ability. The reviews on SCI concluded that 
FES with or without Body Weight Supported Treadmill 
Training improved gait speed and endurance but out-
comes with FES combined with a mechanical orthosis 
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did not improve walking speed compared to a mechani-
cal orthosis alone.

As FES becomes more widely recommended and used 
clinically, recording of clinical data becomes imperative. 
For such data to be useful, core outcome measures need 
to be agreed upon and best practice protocols adhered to. 
As the database of clinical evidence grows, we can learn 
more about how FES can be used to benefit patients in the 
most effective way.
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