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STUDY DESIGN: Systematic review.
OBJECTIVE: To systematically review the evidence for the effectiveness of telerehabilitation as an intervention for people with
spinal cord injury (SCI) in low-and middle-income countries (LMICs).
SETTING: Not applicable.
METHODS: MEDLINE (Ovid), Embase (Ovid), Pubmed and Global Health databases were used to identify studies published between
1946–2020 meeting the following criteria: (1) patients with SCI diagnosis; (2) in LMIC; (3) an outcome measuring clinical functional
ability, quality of life or all-cause mortality reduction. The risk of bias in studies was graded using revised Cochrane risk-of-bias tool
in randomised trials (RoB 2) and risk-of-bias tool in non-randomised trials (ROBINS-I). Evidence levels were graded with Grading of
Recommendations, Assessment, Development and Evaluations (GRADE).
RESULTS: In total, 107 articles were identified from the initial search. After screening, five studies were included. Some significant
improvements to quality of life and pressure ulcer management were observed, alongside some improvement in functional ability
with suggested improvement to depression scores. Telerehabilitation alleviated participants’ sense of social isolation, improved
satisfaction scores and assisted them to remember techniques for SCI management. Telerehabilitation was valued by health
professionals. There was no reduction in all-cause mortality.
CONCLUSION: There is insufficient evidence to recommend telerehabilitation as an intervention to treat and manage SCI in LMICs,
although there is an indication of potential patient benefit. Further research is required to better understand the causal
mechanisms underpinning the use of telerehabilitation and establish its efficacy, in the context of resource-limited settings.
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INTRODUCTION
The global incidence of SCI is estimated to be between 10.4 and
83 per million individuals per year [1], with a male predominance
[1–7]. Such a large range demonstrates difficulty in collating
epidemiological SCI data globally; particularly in LMICs as data
collection is difficult due to lack of national trauma databases
[1, 6, 8, 9]. SCI appears to be greater problem in LMICs; incidence is
reportedly four times that in high-income countries [10] with a
higher mortality rate [7]. The aetiology of SCI differs between
countries; in LMIC, the primary cause is falls [6]; whereas Motor
Vehicle Collisions (MVC) is the leading cause in high-income
countries [11]. However, as motor usage has increased in LMICs,
MVCs are becoming a common cause of SCI [6].
There are significant challenges for those in LMICs to survive in

the community after discharge from hospital; patients face social
isolation, poverty, depression and unemployment [3, 12–17].
Furthermore, limited access to and inadequate community care

increases risk of complications. Those with SCI are more at risk of
pressure ulcers and urinary tract infections which leads to
deterioration, rehospitalisation and death [13, 14]. Most complica-
tions can be managed with simple, inexpensive treatments at
home, such as education regarding positioning techniques to
reduce and alleviate pressure provision of walking aids or
appropriate antibiotics, according to numerous international
clinical guidelines [18–20]. In studies performed in Nepal and
Bangladesh, 25% and 20% of patients with SCI died within 2 years
post-discharge from hospital, respectively [13, 14], most com-
monly from sepsis. There is an urgent need for better post-
discharge long-term and care for those with SCI in LMICs [21].
An approach increasingly being used to extend access to care in

LMICs, particularly when care delivery is challenged and in remote
geographical locations [22, 23], is telemedicine. Telemedicine
involves using information and communication technologies to
provide care and education [24]. Telerehabilitation is a subset of
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telemedicine defined as the provision of rehabilitation services at a
distance using telecommunication technology [25], incorporating
prevention and treatment. Telerehabilitation works as an effective
intervention in many fields in high-income countries [26–29], with
a systematic review reporting significant improvements in patient
outcomes in over 70% (n= 64) of included studies [29]. Similar
improvements in patient outcomes from telerehabilitation use are
emerging from LMICs [30–32]. Telerehabilitation may be an
approach to address the current unmet needs of people with SCI
reintegrating into the community, post-discharge from hospital in
LMICs [3, 12–17]. A previous systematic review [33] has reported
findings of randomised control trials (RCTs) of telerehabilitation for
SCI across all settings. But no comprehensive search has been
undertaken to date of primary research exploring the factors
influencing uptake and impact of telerehabilitation. This systematic
review will focus on the impact of telerehabilitation in LMICs on
functional outcomes and quality of life for those with SCI, and
factors related to its implementation.

METHODS
Literature search strategy
The study protocol was registered with PROSPERO (registration
number CRD42021232462). We identified relevant studies by
conducting an electronic search of current literature using the
databases MEDLINE and EMBASE via Ovid, and PUBMED and
Global Health; 1946 to 2020. A comprehensive search strategy was
developed, including MeSH and keywords for “telerehabilitation”
AND “low-and middle-income country” AND “spinal cord injury”
(Supplementary Table 1).

Inclusion and exclusion criteria
Population. Patients were included if they had a SCI diagnosis
and received telerehabilitation, in a clinical study, as an interven-
tion for management or treatment of their condition. The clinical
study occurred in a country defined as LMIC, at the time of
intervention. LMICs were defined as a country belonging to the
World Health Organisation (WHO) classification of a low or low-
middle-income country at the time of the study [34].

Intervention. We included studies which involved rehabilitation
using telecommunication methods. All telemedicine modalities
were included: store-and-forward, remote monitoring and inter-
active services. All forms of telecommunication methods were
included (i.e., telephone, Internet, video and audio conferencing).

Comparator. Comparator groups had SCI diagnosis and were
enroled in the clinical studies in LMICs. They did not receive
telerehabilitation as an intervention for the management or
treatment of their condition. These groups received routine care
or received some minor additional educational tools, to assist
management of their SCI.

Outcomes. We included studies which reported the effect of
telerehabilitation on any long-term clinical quantitative or
qualitative outcome. Outcomes included functional independence
scores, quality of life and all-cause mortality. Secondary outcomes
such as medical complications, economic analysis or perspectives
of telerehabilitation were included.

Study design. Primary research studies were included. These
included RCTs, pilot study, prospective study, retrospective study
and case series. Reviews, single case studies, editorial reports and
protocols were excluded.

Selection process
Articles were identified using the search strategy. Following
removal of duplicated results, the identified articles were screened

using the title and abstract. Articles were included or excluded in
line with the outlined criteria. The full text was used to rescreen
the articles. We assessed the methodological quality of articles
before inclusion in the systematic review. Included articles were
then critically appraised. Two researchers performed every stage
independently (RMS and MS). In cases of discrepancy, a third
researcher was consulted (MJA).

Quality assessment
We assessed the risk of bias of studies included in this review
using the RoB 2 [35] and ROBINS-I tools [36], for randomised and
non-randomised studies respectively. We then assessed the
overall certainty in the evidence with GRADE criteria [37, 38].
Two researchers independently assessed each study, using the
tools (RMS and MS). In cases of discrepancy, a third researcher was
consulted for resolution (MJA).

Data collection and analysis
Data from studies was extracted and stored in a Microsoft Excel
Spreadsheet. The data were then summarised and presented in
tables. A narrative framework [39] was used for the qualitative part
of the mixed-methods study. To represent the state of existing
literature and underlying evidence, we developed a logic model
which was created through intervention mapping [40]. The
pathways across different components were mapped, reflecting
inputs, interventions, participants and outcomes which were
gathered and displayed. Outputs were demonstrated with
different fonts to demonstrate evidence levels. Reporting is
aligned with the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement [41]. The PRISMA checklist
is shown in Supplementary Information.

RESULTS
We identified 107 articles from the search, summarised in Fig. 1.
After exclusion, five studies were deemed suitable for inclusion
[42–46]. Tables 1 and 2 display overviews.

Location and study design
The studies took place in India [42, 44, 45], Bangladesh [43] and
Philippines [46]. The median (interquartile range) sample size was
30 participants (263). Two studies [42, 43] were RCTs, there was
one pilot RCT [44] and two studies were case series [45, 46].

Analysis
The studies were heterogenous in terms of their evidence
levels, study population size, study design, intervention and
outcome measures, preventing the ability to undertake a meta-
analysis.

Effectiveness of telerehabilitation for SCI
Three studies measured functional independence using spinal
cord independence measure (SCIM) [43–45]. SCIM improved for
participants who received telerehabilitation in the case series [45]
(n= 2). However, in the RCT and the pilot RCT which measured
SCIM, no improvements were found [43, 44].
Three studies investigated quality of life [42–44]. In an RCT [42],

Euro Quality of Life Visual Analogue Scale and EQ-5D-5L [47, 48]
both improved with statistical significance. The Short form 12-
(SF12), did not demonstrate improvements to quality of life in the
intervention group of an RCT [43] and pilot RCT [44].
Telerehabilitation was not found to significantly reduce

all-cause mortality rate in an RCT (n= 410) [43] or pilot RCT
(n= 30) [44].
In an RCT, patients receiving telerehabilitation had less severe

pressure ulcers and a decreased chance of a new sore developing
[42], than control participants. Additionally, those receiving
telerehabilitation were found to be more satisfied [42].
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Depression was investigated in three studies [42–44]. Some
minor improvement was seen to depression score, but without
statistical significance [42].

Experiences of telerehabilitation implementation
A summary of the qualitative experiences of telerehabilitation
from participants and health professionals providing care is
summarised in Supplementary Table 2. Participants and health
professionals reported positive experiences with telerehabilitation.
For participants, such benefits included avoiding stress associated
with waking up early or waiting in line outside the clinic, not
having to travel and become fatigued, reduced expenses and
having immediate and direct communication with an experienced
doctor [46]. Telerehabilitation alleviated a sense of social isolation
and feelings of depression for some participants. Talking to health
professionals made participants “feel good”. Patient participants
built rapport with their provider, who they reported having trust
and confidence in [49]. Health professionals had increased
confidence in care provision and worked with participants to set
goals [49].
Difficulties in the implementation of telerehabilitation interven-

tions were reported. These included technical issues using the
technology and issues with internet connectivity [45]. Studies
adjusted their methodology to support patients; for example,
using telephone calls instead of video [46]. The health profes-
sionals providing care expressed some concern. In Bangladesh,
professionals felt “hopeless if pressure ulcers became severe” [49].
They also described how participants occasionally under-reported
pressure injuries and it was difficult to assess the seriousness of
the pressure ulcer [49]. The professionals explained that many

participants did not have access to a smartphone to take
photographs or could not afford to send images using their
mobile phone.
Explanations for the lack of improvement to functional ability

and lack of reduction in all-cause mortality rate using telerehabil-
itation were proposed by a process evaluation [49] in relation to
one of the included studies [43]. It concluded that telerehabilita-
tion alone was unable to solve the economic and social problems
faced by people with SCI in Bangladesh. Some participants were
unable to adhere to the advice given during the telerehabilitation
consultation. For example, participants with pressure ulcers were
unable to remain on bedrest, as suggested, because they needed
to work and support their families [49]; similarly reported in an
included RCT [42]. Some participants could not adhere to advice
because they were home alone during the day and lacked family/
friend support to care for their pressure ulcers or change bed linen
to remain dry [42]. Other participants could not follow advice
because they did not have access to or could not afford resources,
including basic dressings or adequate nutrition [42]. Many faced
significant financial difficulties, even those in the study which
provided a small sum of money (~£40) to assist with purchasing
basic equipment (e.g., bladder supplies) [49]. Participants were
unable to address their monetary difficulties through work. In one
study, participants were provided with some vocational training to
help them to find jobs when they returned to the community [43].
Yet, there were few work opportunities for them [49].

Quality of evidence
Risk of bias scores were variable. The main sources of bias were
selection bias, attrition bias and bias due to poor classification of

Fig. 1 PRISMA flow chart for the literature. The number of articles identified for inclusion at each stage are presented. Article excluded are
presented with reasons for exclusion.

R.M. Solomon et al.

397

Spinal Cord (2022) 60:395 – 403



Ta
bl
e
1.

Su
m
m
ar
y
o
f
p
ro
ce
d
u
re
s
an

d
re
su
lt
s
fr
o
m

st
u
d
ie
s
u
si
n
g
te
le
re
h
ab

ili
ta
ti
o
n
as

an
in
te
rv
en

ti
o
n
fo
r
SC

I
in

LM
IC
s.

St
ud

y
St
ud

y
D
es
ig
n

C
ou

n
tr
y

Ec
on

om
ic

st
at
us

N
um

b
er

of
p
ar
ti
ci
p
an

ts
Le

n
g
th

of
st
ud

y

R
oB

2
[3
4]

R
O
B
IN
S-

I
[3
5]

G
R
A
D
E

Q
ua

lit
y

[3
6,

37
]

Pr
oc

ed
ur
e

R
es
ul
ts

In
te
rv
en

ti
on

Pr
oc

ed
ur
e

Sa
m
p
le

si
ze

A
g
e
(y
ea

rs
)

Se
x
n
(%

)
D
ia
g
n
os
is

C
on

tr
ol

Pr
oc

ed
ur
e

Sa
m
p
le

si
ze

A
g
e
(y
ea

rs
)

Se
x
n
(%

)
D
ia
g
n
os
is

Pr
of
es
si
on

al
d
el
iv
er
in
g
ca
re

M
et
h
od

O
ut
co

m
e
M
ea

su
re
s

Im
p
ro
ve

d
ou

tc
om

e
St
at
is
ti
ca
l

si
g
n
ifi
ca
n
ce

A
ro
ra

et
al
.

[4
1]

R
C
T

In
d
ia

an
d

B
an

g
la
d
es
h

Lo
w
-M

id
d
le

n
=
12

0
12

w
ee

ks

Lo
w

–
M
o
d
er
at
e

12
x
w
ee

kl
y

te
le
p
h
o
n
e
ad

vi
ce
:

m
an

ag
em

en
t
o
f
PU

In
fo
rm

at
iv
e

p
am

p
h
le
t

n
=
60

M
ea
n
(σ
)
35

(1
2)

M
al
e
52

(8
7)

Fe
m
al
e
8
(1
3)

In
fo
rm

at
iv
e

p
am

p
h
le
t
o
n
ly

n
=
60

M
ea
n
(σ
)
36

(1
2)

M
al
e
54

(9
0)

Fe
m
al
e
6
(1
0)

Tr
ai
n
ed

n
u
rs
e
o
r

p
h
ys
io
th
er
ap

is
t

Te
le
p
h
o
n
e

co
n
su
lt
at
io
n

Pr
im

ar
y:

si
ze

o
f
PU

at
12

w
ee

ks
(c
m

2
)

Se
co

n
d
ar
y:

PU
SH

,D
ep

th
o
f
PU

,
U
n
d
er
m
in
in
g

d
is
ta
n
ce

o
f
PU

,
B
ra
d
en

sc
o
re
,H

A
D
S,

Pa
rt
ic
ip
at
io
n
it
em

s—
W
H
O
D
A
S,

U
ti
lit
y

sc
o
re
—
EQ

-5
D
-5
L,

Se
lf-
ra
te
d
h
ea
lt
h
EQ

-
5D

-V
A
S,

Pa
rt
ic
ip
an

ts
’

im
p
re
ss
io
n
o
f
PU

st
at
u
s,
Pa

rt
ic
ip
an

ts
’

co
n
fi
d
en

ce
to

m
an

ag
e
PU

,
C
lin

ic
ia
n’
s
im

p
re
ss
io
n

o
f
PU

st
at
u
s,

Pa
rt
ic
ip
an

ts
’

sa
ti
sf
ac
ti
o
n
,
Se

lf-
re
p
o
rt

ti
m
e
fo
r
PU

re
so
lu
ti
o
n

M
ea
n
ad

ju
st
ed

b
et
w
ee

n
-g
ro
u
p

d
iff
er
en

ce
:

Pr
im

ar
y:

2.
3
cm

2
fa
vo

u
ri
n
g

in
te
rv
en

ti
o
n
g
ro
u
p

Se
co

n
d
ar
y:

PU
SH

,B
ra
d
en

Sc
o
re
,

W
H
O
D
A
S,

U
ti
lit
y
sc
o
re

—
EQ

-5
D
-5
L,

Se
lf-
ra
te
d

h
ea
lt
h
EQ

-5
D
-V
A
S,

Pa
rt
ic
ip
an

ts
’

im
p
re
ss
io
n
o
f
PU

st
at
u
s,
Pa

rt
ic
ip
an

ts
’

co
n
fi
d
en

ce
to

m
an

ag
e

PU
,P

ar
ti
ci
p
an

ts
’

sa
ti
sf
ac
ti
o
n

A
ll
fa
vo

u
re
d

in
te
rv
en

ti
o
n
g
ro
u
p

Pr
im

ar
y:

(9
5%

C
I
−
0.
3–

4.
9;

p
=
0.
08

)
Se

co
n
d
ar
y:

8/
13

st
at
is
ti
ca
lly

si
g
n
ifi
ca
n
t

d
iff
er
en

ce
:

PU
SH

,
B
ra
d
en

Sc
o
re
,W

H
O
D
A
S,

U
ti
lit
y
sc
o
re
—
EQ

-
5D

-5
L,

Se
lf-
ra
te
d

h
ea
lt
h
EQ

-5
D
-V
A
S,

Pa
rt
ic
ip
an

ts
’

im
p
re
ss
io
n
o
f
PU

st
at
u
s,

Pa
rt
ic
ip
an

ts
’

co
n
fi
d
en

ce
to

m
an

ag
e
PU

,
Pa

rt
ic
ip
an

ts
’

sa
ti
sf
ac
ti
o
n

H
o
ss
ai
n
et

al
.

[4
2]

R
C
T

B
an

g
la
d
es
h

Lo
w
-M

id
d
le

n
=
41

0
2
ye
ar
s

Lo
w

–
M
o
d
er
at
e

Pi
ct
o
ri
al

ed
u
ca
ti
o
n
al

b
o
o
kl
et

1s
t
ye
ar

26
x
tw

o
-w

ee
kl
y

te
le
p
h
o
n
e
ad

vi
ce

2n
d
ye
ar

12
x
m
o
n
th
ly

te
le
p
h
o
n
e
ad

vi
ce

Pr
o
vi
d
ed

w
it
h

$A
U
80

fo
r

m
is
ce
lla
n
eo

u
s
it
em

s
as

re
q
u
ir
ed

n
=
20

4
M
ed

ia
n
(IQ

R
)
33

.4
(2
5.
7
to

45
.0
)

M
al
e
18

1
(8
9%

)
Fe
m
al
e
23

(1
1%

)

Pi
ct
o
ri
al

ed
u
ca
ti
o
n
al

b
o
o
kl
et

o
n
ly

n
=
20

6
M
ed

ia
n
(IQ

R
)

31
.4

(2
4.
5

to
41

.0
)

M
al
e
18

8
(9
1%

)
Fe
m
al
e
18

(9
%
)

Ph
ys
io
th
er
ap

is
t

Te
le
p
h
o
n
e

co
n
su
lt
at
io
n

an
d

h
o
m
e
vi
si
t

Pr
im

ar
y:

al
l-c
au

se
m
o
rt
al
it
y
ra
te

Se
co

n
d
ar
y:

SC
I-S

C
S,

PU
SH

,
C
ES
D
-

R
,W

H
O
D
A
S,

SF
12

PC
S,
SF

12
M
C
S,

SC
IM

-
SR

,P
U
st
at
u
s,
B
ed

-
b
o
u
n
d
,H

o
u
se
-b
o
u
n
d
,

U
n
em

p
lo
ye
d

Pr
im

ar
y:

In
te
rv
en

ti
o
n
g
ro
u
p
15

/
20

4
(7
.4
%
)
d
ie
d
.

C
o
n
tr
o
l
g
ro
u
p
16

/2
06

(7
.8
%
)
d
ie
d

Se
co

n
d
ar
y:

N
o
cl
ea
r
b
et
w
ee

n
g
ro
u
p
d
iff
er
en

ce
s

Pr
im

ar
y:

h
az
ar
d
ra
ti
o
fr
o
m

u
n
ad

ju
st
ed

C
o
x

m
o
d
el
=
0.
93

(9
5%

C
I,
0.
46

–
1.
89

;p
fr
o
m

lo
g
ra
n
k

te
st

0.
85

)
Se

co
n
d
ar
y:

N
o
st
at
is
ti
ca
lly

si
g
n
ifi
ca
n
t

d
iff
er
en

ce
b
et
w
ee

n
o
u
tc
o
m
es

in
in
te
rv
en

ti
o
n

H
o
ss
ai
n
et

al
.

[4
3]

Pi
lo
t
R
C
T

In
d
ia

Lo
w

n
=
30

2
ye
ar
s

U
n
cl
ea
r

–
Lo

w
1s
t
ye
ar

26
x
tw

o
-w

ee
kl
y

te
le
p
h
o
n
e
ad

vi
ce

2x
h
o
m
e
vi
si
t

2n
d
ye
ar

12
x
m
o
n
th
ly

te
le
p
h
o
n
e
ad

vi
ce

1x
h
o
m
e
vi
si
t

n
=
15

M
ed

ia
n
(IQ

R
)
29

(2
4–

35
)

M
al
e
13

(8
7)

Fe
m
al
e
2
(1
3)

St
an

d
ar
d
ca
re

1
te
le
p
h
o
n
e
ca
ll

1
h
o
m
e
vi
si
t,
at
-

ri
sk

p
at
ie
n
ts

If
p
ar
ti
ci
p
an

t
ra
n
g
ce
n
tr
e,

re
ce
iv
ed

ad
vi
ce

n
=
15

M
ed

ia
n
(IQ

R
)
34

(2
3–

36
)

M
al
e
13

(8
7)

Fe
m
al
e
2
(1
3)

Ph
ys
io
th
er
ap

is
t

Te
le
p
h
o
n
e

co
n
su
lt
at
io
n

an
d

h
o
m
e
vi
si
t

Pr
im

ar
y:

al
l-c
au

se
m
o
rt
al
it
y
ra
te

Se
co

n
d
ar
y:

SC
I

se
co

n
d
ar
y
co

n
d
it
io
n
s

sc
al
e,

Pr
es
en

ce
o
f
PU

,
PU

SH
,C

ES
d
ep

re
ss
io
n

sc
al
e,

SF
12

PC
S,

SF
12

M
C
S,

SC
IM

,W
H
O
D
A
S,

n
u
m
b
er

o
f
d
ay
s
o
u
t

o
f
b
ed

in
p
as
t
w
ee

k,
n
u
m
b
er

o
f
d
ay
s
o
u
t

th
e
h
o
u
se

in
th
e
p
as
t

w
ee

k,
n
u
m
b
er

o
fd

ay
s

w
o
rk
in
g
in

th
e

p
as
t
w
ee

k

Pr
im

ar
y:

2
p
ar
ti
ci
p
an

ts
d
ie
d

(o
n
e
in

ea
ch

g
ro
u
p
)

Se
co

n
d
ar
y:

N
o
cl
ea
r

b
et
w
ee

n
g
ro
u
p

d
iff
er
en

ce
s

N
o
st
at
is
ti
ca
l

an
al
ys
is

p
er
fo
rm

ed

Ty
ag

i
et

al
.

[4
4]

C
S

In
d
ia

Lo
w

n
=
2

2
w
ee

ks

–
Se

ri
o
u
s

ri
sk

o
f
b
ia
s

Ve
ry

lo
w

In
it
ia
l
4
w
ee

ks
:n

o
in
te
rv
en

ti
o
n
.S

C
IM

as
se
ss
ed

Pr
o
ce
ed

in
g
4
w
ee

ks
:

5x
p
er

w
ee

k
vi
d
eo

-
cl
ip
s
an

d
g
u
id
an

ce
n
=
2

M
ea
n
(σ
)
40

(4
.5
)

M
al
e
1
(5
0%

)
Fe
m
al
e
1
(5
0%

)
Pa

rt
ic
ip
an

ts
:

-
SC

I

–
R
eh

ab
ili
ta
ti
o
n
d
o
ct
o
r

an
d
ca
re

te
am

V
id
eo

-c
lip

s
an

d
g
u
id
an

ce
Pr
im

ar
y:

SC
IM

Pr
im

ar
y:

In
it
ia
l
4
w
ee

ks
:

SC
IM

d
ec
lin

ed
Pa

rt
ic
ip
an

t
1:

14
/4
0

Pa
rt
ic
ip
an

t
2:

5/
40

Pr
o
ce
ed

in
g
4
w
ee

ks
(im

p
le
m
en

ta
ti
o
n
o
f

in
te
rv
en

ti
o
n
):

SC
IM

in
cr
ea
se
d

Pa
rt
ic
ip
an

t
1:

27
/4
0

Pa
rt
ic
ip
an

t
2:

16
/4
0

N
o
st
at
is
ti
ca
l

an
al
ys
is

p
er
fo
rm

ed

R.M. Solomon et al.

398

Spinal Cord (2022) 60:395 – 403



the procedures for intervention and control participants. Two
studies had low RoB 2 scores and moderate GRADE scores [42, 43].
One study had an unclear RoB 2 score and a low GRADE score [44].
Two studies had unclear risk of bias ROBINS-I scores and very low
GRADE scores [45, 46].

DISCUSSION
This systematic review evaluated existing literature about the
effectiveness of telerehabilitation as an intervention for the
management of SCI, focusing on LMICs. Five studies were
identified, with no interventions or outcomes similar enough for
pooling of data. Of the five included studies, there is some
suggestion that telerehabilitation improves the lives of those with
SCI in LMICs. Some significant improvements to quality of life and
pressure ulcer management were observed, alongside some
improvement in functional ability and suggested improvement
to depression scores. Accompanying qualitative data suggests
telerehabilitation alleviated participants’ sense of social isolation,
alleviated feelings of depression, improved satisfaction scores and
assisted them to remember techniques for SCI management.
Telerehabilitation was valued by health professionals and
participants. There was no reduction in all-cause mortality.
Notably, none of the studies reported that participants had
difficulty using the equipment, aligning with telemedicine usage
broadly [23]. There was very limited information on the technical
feasibility of implementation and use of telerehabilitation from the
perspective of professionals, which could be explored in future
studies. Telerehabilitation should support health care systems to
provide the best care for patients. From embedded process
evaluations and qualitative interviews, the key factors influencing
engagement with telerehabilitation were its ability to allow direct
contact with an experienced professional for guidance and
support, especially regarding pressure ulcer management, and
improving daily functioning. Additionally, telerehabilitation
assisted rapport building between participants and health
professionals.
The WHO stated digital interventions should not substitute care,

but should strengthen health systems [22]. Efforts to improve
policy and develop rehabilitation care are necessary in LMICs.
Telerehabilitation will only ever be able to enhance existing
provision of good-quality care, but not used in place of it. The
process evaluation [49], which was performed in relation to an
included study [43], reported that during telerehabilitation
consultations, participants were screened for key complications
and referred to local service providers, where necessary. Yet such
services were often unavailable or inaccessible. Alternatively,
health professionals would try to refer participants back to the
specialist rehabilitation centre from which they received their
initial care. However, often there was not an available bed for the
participant; or if there was, the participant would not be able to
afford to travel. Here, telerehabilitation is being used alone and,
for some participants, is failing to resolve unmet rehabilitation
needs due to the weaker health systems in which they were being
used. Vital local services and rehabilitation care must be adequate
and available in order for those with SCI to benefit from
telerehabilitation.
The studies were heterogenous in terms of their design and

outcomes used, making comparison difficult. There is a need to
establish a set of outcomes for the investigation of telerehabilita-
tion. Supplementary Fig. 1 demonstrates a logic model to
conceptualise and describe the current understanding of tele-
rehabilitation as an intervention and demonstrates possible
changes that may arise from its use, based on the included
evidence. Many studies did not demonstrate significant differ-
ences to clinical outcomes between intervention and control
participants. Yet, the researchers wrote they believed telerehabil-
itation to have holistically positive effects. For example,Ta
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telerehabilitation alleviated participants’ sense of social isolation
and feelings of depression when returning to the community,
making them “feel good” [49]. Additionally, telerehabilitation
increased health professional’s confidence in care delivery [49].
Given rehabilitation involves improving functional ability and
quality of life [50], it is important that the outcome measures truly
reflect this. The need to better define causal mechanisms
underpinning any positive and negative findings about telereh-
abilitation use in LMICs is evident from the logic model
(Supplementary Fig. 1). Mapping and understanding the causal
mechanisms of an intervention are vital to develop intervention
use [51]. Accompanying process evaluations with subsequent
telerehabilitation development may help to derive understanding
about whether, how and why the intervention is achieving its
intended effect. This will help to refine the use of telerehabilitation
and aid its implementation in the context of LMICs. Furthermore,
in 2011, WHO released a consensus statement highlighting the
need for rigorous evaluation to generate evidence about eHealth
[52]. There is a need for good-quality studies which follow
CONSORT guidelines, in order to ensure confidence in the
findings. Largely absent from the literature are considerations of
cost relating to telerehabilitation in LMICs. There is a lack of
economic analysis of eHealth generally [26, 53–55]. The included
studies reflect this, with only one RCT [42] reporting a cost-
effectiveness analysis [56]. There is a need to further define
economic models reflecting the technology and context of
telerehabilitation approaches in low resource settings.

Limitations
Our review included a comprehensive search strategy which
was used to search several databases. However, we acknowledge
that due to time and resource constraints we were unable to
search grey literature sources and consequently findings may not
reflect the entirety of research literature on telerehabilitation
in LMICs.

CONCLUSION
Limited literature is available reporting the use and effectiveness
of telerehabilitation as an intervention for SCI in LMICs. Whilst
feasible, telerehabilitation did not consistently significantly
improve outcomes in patients with SCI, including functional
ability and all-cause mortality reduction. While impact varied for
patients, telerehabilitation is acceptable to health professionals,
care-providers and participants. There is a need for better
modelling of the causal mechanisms underpinning telerehabilita-
tion. Additionally, there is a need to establish the intended
outcomes to be investigated for telerehabilitation, to guide
approaches to evaluation of SCI in LMICs.

DATA AVAILABILITY
All data extracted from the included studies are available in original publications.
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