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Stability, mobility and upper limb function

Stability, mobility and upper limb function

Review question

What is the effectiveness of interventions and approaches for improving and sustaining
stability, mobility and upper limb functioning for people with chronic neurological disorders?

Introduction

Stability and functional movement enable independence in daily life, and improvements in
these areas reduces barriers faced by people with chronic neurological disorders, enabling
them to more easily participate within society. As such, goals relating to improving or
maintaining stability and functional movement are well accepted key components of
rehabilitation for those with chronic neurological disorders. However, although there are
many and varied treatments in these areas of rehabilitation, there appears to be little
consensus as to the most effective and cost-effective treatment approaches.

The aim of this review was to determine the effectiveness and cost-effectiveness of
interventions to improve or sustain stability, mobility, and upper limb functioning in people
with chronic neurological disorders.

Summary of the protocol

See Table 1 for a summary of the Population, Intervention, Comparison and Outcome
(PICO) characteristics of this review.

Table 1: Summary of the protocol (PICO table)

Adults and children with rehabilitation needs due to the following chronic
neurological disorders:

¢ Acquired brain injury

o Acquired spinal cord injury

o Acquired peripheral nerve disorders

¢ Progressive neurological diseases

e Functional neurological disorders

Intervention group 1 — Rehabilitation interventions to address upper

limb functioning.

o Upper limb wearables

o Electrical stimulation

¢ Robotics and repetitive task training

Intervention group 2 — Rehabilitation interventions to address

stability.

¢ Vestibular exercise, including optokinetic training

¢ Balance exercises (such as sitting/ standing and reaching)

e Perturbation training

Intervention group 3 — Rehabilitation interventions to address

mobility.

o Gait training (including body-weight supported/ treadmill based and/ or
robotically assisted interventions, outdoor gait training)

e Backward chaining

o Lower limb wearables, electrical stimulation and lower-body robotics

Intervention group 4 — Rehabilitation interventions to address
stability, mobility and upper limb functioning together.
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¢ Dual task training

e Sensorimotor exercises

¢ Neuromodulation (electrical/ vibratory)

¢ Hydrotherapy

e Exergaming and AR/VR

e Wearable garments, technology (for example MOLLII) and exoskeletons

e Individualised (tailored) exercise programmes for stability, mobility, limb
functioning and coordination tasks (coordinating the body to be able to
walk or be functional).

e Cough augmentation techniques (manual and device assisted cough,
breath stacking) and inspiratory muscle training

Interventions compared with others in the same group or:

¢ Placebo (placebo or sham)

¢ Control (no intervention, waitlist, standard rehabilitation care alone, or
‘usual care’)

e The same intervention (as listed under ‘intervention’) but varied in terms
of:
o Frequency
o Intensity
o Timing
o Setting
Critical

¢ Gait and balance - measured using validated scales such as the
Rivermead Mobility Index (RMI); Berg Balance Scale (BBS); Dynamic
Gait Index or Functional Gait Assessment, Four Step Square Test;
Timed "Up & Go" Test (TUG)

e Exercise capacity - measured using scales such as the 6 Minute Walk
Test (6MWT); Five Times Sit to Stand Test.

¢ Limb/joint/muscle function - measured using validated scales such as
the (Modified) Ashworth Spasticity Scale; Manual Muscle Test (MMT);
Penn Spasm Frequency Scale

¢ Respiratory function - measured using respiratory function outcome
measures such as the Forced Expiratory Volume in 1 second (FEV1) or
expiratory sounds.

¢ Functioning - measured using validated, global scales such as the
functional independence measure (FIM) and the Paediatric Evaluation
of Disability Inventory (PEDICAT).

AR: augmented reality; VR: virtual reality

For further details see the review protocol in appendix A.

Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document (supplementary
document 1).

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

7
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)


https://www.nice.org.uk/process/pmg20/chapter/introduction
https://www.nice.org.uk/about/who-we-are/policies-and-procedures

FINAL
Stability, mobility and upper limb function

Effectiveness evidence

Included studies

Seventy-eight papers were included in this review: 73 randomised controlled trials (RCTs)
(Arntzen 2020, Bello 2013, Berra 2018, Berriozabalgoitia 2021, Brichetto 2013, Brichetto
2015, Bunn 2015, Cabrera-Martos 2020, Capecci 2019, Cattaneo 2018, Ciatto 2023, Clerici
2017, Conradsson 2015, Coote 2015, Coulter 2017, Curcio 2020, Donkers 2020, Esclarin-
Ruz 2014, Ferri 2019, Flynn 2021, Gandolfi 2015, Gandolfi 2017, Gandolfi 2018, Gandoffi
2019, Gil-Agudo 2023, Gryfe 2022, Hind 2017, Hoang 2016, Kapadia 2014, Kleffelgaard
2019, Lam 2015, Leung 2014, Lozano-Berrio 2022, Lozano-Quilis 2014, Manzanares 2021,
Maranesi 2022, Nilsagard 2013, Novotna 2019, Palamara 2017, Paul 2019, Pavlikova 2020,
Pazzaglia 2020, Pelosin 2017, Picelli 2013, Piira 2019a, Piira 2019b, Pollet 2023, Pompa
2017, Pullia 2023, Raciti 2022, Renfrew 2019, Robinson 2015, Schaible 2021, Schlenstedt
2015, Solaro 2020, Song 2018, Steib 2017, Straudi 2013, Straudi 2016, Straudi 2020,
Szefler-Derela 2020, Szymura 2020, Taylor 2021, Tollar 2018, Tollar 2019, Tollar 2020,
Tramontano 2018, Tramontano 2020, Tramontano 2022, van den Heuvel 2014, Wirz 2017,
Wroblewska 2019, Zivi 2018), 3 crossover RCTs (Forsberg 2016, Prosperini 2013, Taylor
2014), 1 secondary paper reporting additional information for Conradsson 2015 (Wallén
2018), and 1 secondary paper reporting additional information for Steib 2017 (Gasner
2019)The included studies are summarised in Table 2.

Thirty-one studies were conducted in Italy (Berra 2018, Brichetto 2013, Brichetto 2015,
Capecci 2019, Cattaneo 2018, Ciatto 2023, Clerici 2017, Curcio 2020, Ferri 2019, Gandolfi
2015, Gandolfi 2017, Gandolfi 2018, Gandolfi 2019, Maranesi 2022, Palamara 2017,
Pazzaglia 2020, Pelosin 2017, Picelli 2013, Pollet 2023, Pompa 2017, Prosperini 2013, Pullia
2023, Raciti 2022, Solaro 2020, Straudi 2013, Straudi 2016, Straudi 2020, Tramontano 2018,
Tramontano 2020, Tramontano 2022, Zivi 2018); 8 studies were conducted in Spain (Bello
2013, Berriozabalgoitia 2021, Cabrera-Martos 2020, Esclarin-Ruz 2014, Gil-Agudo 2023,
Lozano-Berrio 2022, Lozano-Quilis 2014, Manzanares 2021); 8 studies were conducted in
the UK (Bunn 2015, Coulter 2017, Hind 2017, Paul 2019, Renfrew 2019, Robinson 2015,
Taylor 2014, Taylor 2021); 4 studies were conducted in Australia (Flynn 2021, Hoang 2016,
Leung 2014, Song 2018); 4 studies were conducted in Canada (Donkers 2020, Gryfe 2022,
Kapadia 2014, Lam 2015); 4 studies were conducted in Norway (Arntzen 2020, Kleffelgaard
2019, Piira 2019a, Piira 2019b); 3 studies were conducted in Germany (Schaible 2021,
Schlenstedt 2015, Steib 2017); 3 studies were conducted in Hungary (Tollar 2018, Tollar
2019, Tollar 2020); 3 studies were conducted in Poland (Szefler-Derela 2020, Szymura
2020, Wroblewska 2019); 3 studies were conducted in Sweden (Conradsson 2015, Forsberg
2016, Nilsagard 2013); 1 study was conducted in the Czech Republic (Novotna 2019); 1
study was conducted in the Czech Republic and ltaly (Pavlikova 2020); 1 study was
conducted in Ireland (Coote 2015); 1 study was conducted in The Netherlands (van den
Heuvel 2014); and 1 study was conducted in Switzerland (Wirz 2017).

Five studies investigated interventions to address upper limb functioning:

e Three studies investigated robotics and repetitive task training compared to a control in
adults with progressive neurological diseases (Gandolfi 2018, Raciti 2022, Tramontano
2020).

¢ One study investigated robotics and repetitive task training compared to a control in adults
with acquired spinal cord injury (Lozano-Berrio 2022).

¢ One study investigated robotics and repetitive task training compared to a placebo in
adults with progressive neurological diseases (Solaro 2020).
Twenty-six studies investigated interventions to address stability:

e Four investigated vestibular exercises (including optokinetic training) in people with
chronic neurological disorders:
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o Two investigated vestibular exercises compared to a control in adults with acquired
brain injury (Kleffelgaard 2019, Tramontano 2022).

o Two investigated vestibular exercises compared to a control in adults with progressive
neurological diseases (Bunn 2015, Tramontano 2018).

¢ Nineteen studies investigated balance exercises compared to a control, all in adults with
progressive neurological diseases (Arntzen 2020, Brichetto 2013, Brichetto 2015,
Cabrera-Martos 2020, Cattaneo 2018, Conradsson 2015, Forsberg 2016, Gandolfi 2015,
Gandolfi 2017, Gandolfi 2019, Nilsagard 2013, Novotna 2019, Pavlikova 2020, Prosperini
2013, Robinson 2015, Schlenstedt 2015, Szymura 2020, Tollar 2020, van den Heuvel
2014).

¢ One study investigated perturbation training compared to a control in adults with
progressive neurological diseases (Steib 2017).

Twenty-eight studies investigated interventions to address mobility:
e Twenty-two investigated gait training in people with chronic neurological disorders:

o Fifteen investigated gait training compared to a control in adults with progressive
neurological diseases (Bello 2013, Berra 2018, Berriozabalgoitia 2021, Capecci 2019,
Clerici 2017, Hoang 2016, Picelli 2013, Pompa 2017, Pullia 2023, Song 2018, Straudi
2013, Straudi 2016, Straudi 2020, Szefler-Derela 2020, Wroblewska 2019).

o Four investigated gait training compared to a control in adults with acquired spinal cord
injury (Esclarin-Ruz 2014, Gil-Agudo 2023, Piira 2019a, Piira 2019b).

o Two investigated gait training compared to the same intervention delivered at a
different intensity in adults with acquired spinal cord injury (Lam 2015, Wirz 2017).

o One study investigated gait training compared to the same intervention delivered at the
different frequency in adults with progressive neurological diseases (Pelosin 2017).

¢ Six studies investigated lower limb wearables, electrical stimulation and lower-body
robotics in people with chronic neurological disorders:

o Four studies investigated lower limb wearables, electrical stimulation and lower-body
robotics compared to a control in adults with progressive neurological diseases (Coote
2015, Renfrew 2019, Taylor 2014, Taylor 2021).

o One study investigated lower limb wearables, electrical stimulation and lower-body
robotics compared to a control in adults with acquired brain injury (Leung 2014).

o One study investigated lower limb wearables, electrical stimulation and lower-body
robotics compared to placebo in adults with progressive neurological diseases (Pollet
2023).

Eighteen studies investigated interventions to address upper limb functioning, stability and
mobility together:

¢ One study investigated sensorimotor exercises compared to a control in adults with
progressive neurological diseases (Tollar 2018).

o Four studies investigated hydrotherapy in people with chronic neurological disorders:

o One study investigated hydrotherapy compared to a control in adults with acquired
brain injury (Curcio 2020); 1 study investigated hydrotherapy compared to a control in
adults with progressive neurological diseases (Palamara 2017)

o One study investigated hydrotherapy compared to a control in children and young
people with progressive neurological diseases (Hind 2017)
o One study investigated hydrotherapy compared to a control in adults with mixed
general peripheral neuropathies (Zivi 2018).
¢ Six studies investigated exergaming and AR (augmented reality) or VR (virtual reality) in
people with chronic neurological disorders:

9
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o Five investigated exergaming and AR/VR compared to a control in adults with
progressive neurological diseases (Lozano-Quilis 2014, Maranesi 2022, Pazzaglia
2020, Tollar 2019, Tollar 2020).

o One study investigated exergaming and AR/VR compared to a control in adults with
acquired spinal cord injury (Manzanares 2021).

¢ One study investigated wearable garments, technology and exoskeletons compared to a
control in adults with progressive neurological diseases (Gryfe 2022).

e Six studies investigated individualised exercise programmes in people with chronic
neurological disorders:

o Four studies investigated individualised exercise programmes compared to a control in
adults with progressive neurological diseases (Donkers 2020, Ferri 2019, Paul 2019,
Schaible 2021).

o One study investigated individualised exercise programmes compared to a control in
adults with acquired spinal cord injury (Coulter 2017).

o One study investigated individualised exercise programmes compared to the same
intervention delivered in a different setting in adults with progressive neurological
diseases (Flynn 2021).

Finally, 2 studies investigated mixed interventions:

¢ One study investigated balance exercises plus gait training compared to a control in
adults with progressive neurological diseases (Ciatto 2023).

¢ One study investigated gait training plus electrical stimulation compared to a control in
adults with acquired spinal cord injury (Kapadia 2014).

Data for the following outcomes were identified through analysis of the included studies:
¢ Gait and balance

o Exercise capacity

e Limb/joint/muscle function

e Functioning

See the literature search strategy in appendix B and study selection flow chart in appendix C.

Excluded studies

Studies not included in this review are listed, and reasons for their exclusion are provided in
appendix J.

Summary of included studies

Summaries of the studies that were included in this review are presented in Table 2.

Table 2: Summary of included studies.

Study Population Intervention Comparison Outcomes
Arntzen N=80 adults with Core stability and Standard care e Gait and
2020 multiple sclerosis balance programme balance
o Core stability 6 weeks in the e Exercise
RCT and balance 3x 60-minute group community setting. capacity
programme: sessions per week in
n=40 outpatient clinic; and 2x L
N . L Participants were
orway e Standard care: 30-m|nute IndIVIduall encouraged to
n=40 sessions per week (in maintain regular

participant's own home) 5 cyivities for the

with physical therapists study period and told
for 6 weeks.
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Study

Bello 2013
RCT

Spain

Population Intervention

Age in years

[Mean (SD)]*:

o Core stability
and balance
programme: 52.2
(12.9)

e Standard care:
48 (8.75)

Programme content
comprised of 33 specific
exercises (with
variations) addressing
dynamic core stability.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Sex (M/F):

o Core stability
and balance
programme:
n=12/n=27

e Standard care:
n=11/n=29

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=39 for core
stability and
balance
programme and
n=40 for standard

care)

N=22 adults with Treadmill training
Parkinson’s

disease . 3x per week for 5

e Treadmill weeks supervised by a

training: n=11
e Overground
training: n=11

neurologist and physical
therapist. Delivery
setting not reported.

Age in years Treadmill walking for

[Mean (SD)]: four rounds, each for 4-

e Treadmill minutes, with 3-minute
training: 59.45 breaks in-between.
(11.32) Additional 4-minute

walking rounds were
added each week.
Preferred walking

e Overground
training: 58.00

(9.38) speed established
during initial session
Sex (M/F): and remained constant
e Treadmill throughout the study.

training: n=7/n=4 Performed without

11

Comparison

that they could
access physical
therapy/health care
as needed, including
free state-provided
physical therapy.

Overground training

3x per week for 5
weeks supervised by
a neurologist and
physical therapist.

Indoor facility (60x10
metres).

Identical protocol to
intervention apart
from walking speed
controlled by audio
cues. 10-metres
(marked by cones at
the side of the
walkway) of walking
between each audio
cue. The pace of the
audio cue was
altered based on

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study

Berra
2018

RCT

Italy

Population

e Overground
training: n=6/n=5

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=36 adults with

idiopathic

Parkinson’s

disease

o Body-weight
supported
treadmill training
plus traditional
physical therapy:
n=18

e Overground gait
training plus
traditional
physical therapy:
n=18

Age in years

[Mean (SD)]*:

¢ Body-weight
supported
treadmill training
plus traditional
physical therapy:
71.9 (10.2)

e Overground gait
training plus
traditional
physical therapy:
71.7 (7.5)

Sex (M/F):

¢ Bodyweight
supported
treadmill training
plus traditional
physical therapy:
n=6/n=8

e Overground gait
training plus
traditional
physical therapy:
n=12/n=10

Chronic
neurological
disorder category:
Progressive

Intervention
body-weight support,
with a safety harness
and hands on handrails
at all times.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Body-weight supported
treadmill training plus
traditional physical
therapy

5x 60-minute daily
sessions per week for 4
weeks in a
neurorehabilitation unit.
Practitioner was unclear
during sessions.
Neurologist examination
at beginning and end of
training.

Ten-minute treadmill
walking with 20% of
body-weight support, 5-
minute break and then
10-minute treadmill
walking with 10% of
body-weight support.
Initial speed was 0.5
km/h, increasing by 0.5
km/h every minute until
tolerated maximum
speed which was
retained thereafter.

40-minutes of traditional
physical therapy
involved passive, active
and active assisted
isotonic and isometric
exercises for major limb
and trunk muscles
based on Parkinson’s
disease rehabilitation
guidelines and literature
evidence.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

12

Comparison Outcomes

individual speed

preferences.

Overground gait e Gait and

training plus balance

traditional physical e Limb/joint/m

therapy uscle
function

5x 60-minute daily
sessions per week
for 4 weeks in a
neurorehabilitation
unit. Practitioner was
unclear during
sessions.
Neurologist
examination at
beginning and end
of training.

Same protocol as
intervention group
apart from the 20-
minutes involving
overground gait
training.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

¢ Functioning



FINAL

Stability, mobility and upper limb function

Study Population
neurological

diseases.

*Participant
characteristics
reported after
reassignment of 4
participants into
the comparator
group (n=14 for
body-weight

supported treadmill

training plus

traditional physical

therapy and n=22

for overground gait

training plus

traditional physical

therapy)

N=36 adults with
multiple sclerosis

¢ Robot-assisted
gait training
(Ekso) plus
standard
rehabilitation:
n=18

e Standard
rehabilitation:
n=18

Berriozaba
Igoitia
2021

RCT

Spain

Age in years

[Mean (SD)]*:

¢ Robot-assisted
gait training
(Ekso) plus
standard
rehabilitation:
49.83 (7.26)

e Standard
rehabilitation:
52.00 (10.25)

Sex (M/F):

¢ Robot-assisted
gait training
(Ekso) plus
standard
rehabilitation:
n=9/n=9

e Standard
rehabilitation:
n=10/n=4

Chronic
neurological
disorder category:

Intervention

Robot-assisted gait
training (Ekso) plus
standard rehabilitation

2x sessions per week
progressing to
maximum 40-minutes
and 1x 60-minute
standard physical
therapy per week for 3
months in an outpatient
setting and trained by
certified physical
therapists.

Individualised and
progressive gait training
through Ekso
overground robotic
wearable exoskeleton
with actuated hips and
knees to aid lower limb
movement. Sessions
involved 1) PreGait to
exercise static balance
and weight shifts and 2)
ProStepPlus to train
gait with steps
prompted by lateral
weight shift. Speed,
cadence, stride and
robotic assistance was
tailored. Sessions
stopped upon fatigue or
participant request. End
of session cryotherapy
on knee extensors and
ankle plantar flexors
occurred for 10-
minutes. Standard

13

Comparison Outcomes
Standard e Gait and
rehabilitation balance

e Limb/joint/m

uscle
function

1x 60-minute
sessions per week
for 3 months with
physical therapists.

Individualised
sessions aimed at
controlling spasticity,
maintaining articular
range of motion,
exercise balance
and gait training.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study

Brichetto
2013

RCT

Italy

Population
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=18 for robot-
assisted gait
training (Ekso)
plus standard
rehabilitation and
n=14 for standard
rehabilitation)

N=36 adults with
multiple sclerosis

e Exergame-based
balance
exercises
(Nintendo Wii)
n=18

e Traditional
balance
rehabilitation
n=18

Age in years

[Mean (SD)]:

o Exergame-based
balance
exercises (Wii
Balance Board):
40.7 (11.5)

e Traditional
balance
rehabilitation:
43.2 (10.6)

Sex (M/F):

o Exergame-based
balance
exercises
(Nintendo Wii)
n=8/n=10

e Traditional
balance
rehabilitation
n=6/n=12

Chronic
neurological
disorder category:
Progressive

Intervention

physical therapy
sessions followed (see
control group for
details).

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Exergame-based
balance exercises
(Nintendo Wii)

3x 60-minutes sessions
per week for 4 weeks
with setting and
practitioner not
reported.

Participants were
supervised using
Nintendo Wii Balance
Board®, using existing
programmes such as
'slalom skiing', and
'tightrope walking'.
These were presented
randomly at each
session.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

14

Comparison

Traditional balance
rehabilitation

3x 60-minutes
sessions per week
for 4 weeks with
practitioner with
setting and
practitioner not
reported.

Tailored static and
dynamic exercises
using both single-leg
and double-leg
stances, with and
without an
equilibrium board,
and half-kneeling
exercises of
increasing difficulty.

Outcomes

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study

Brichetto
2015

RCT

Italy

Bunn 2015
RCT

UK

Population

neurological
diseases.

N=32 adults with
multiple sclerosis

e Tailored balance
exercises: n=16

e Traditional
balance
rehabilitation:
n=16

Age in years

[Mean (SD)]:

e Tailored balance
exercises: 50.1
(13.5)

e Traditional
balance
rehabilitation:
51.0 (8.9)

Sex (M/F):

e Tailored balance
exercises:
n=4/n=11

e Traditional
balance
rehabilitation:
n=5/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=12 adults with

Spinocerebellar

ataxia type 6 pure

cerebellar disease

e Home-based
optokinetic
training n=6

e Usual care n=6

Age in years

[Mean (SD)]:

e Home-based
optokinetic
training: 60.2
(10.5)

e Usual care: 58.3
(14.5)

Sex (M/F):

Intervention

Tailored balance
exercises

3x 60-minute sessions
per week for 4 weeks
with setting and
practitioner not
reported.

Rehabilitation
treatments tailored to
the prevalent sensory
system impairments in
each individual (visual,
somatosensory or
vestibular).

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Home-based
optokinetic training

15-minutes, 5 sessions
per week for 8 weeks at
home with
physiotherapist.

Participants performed
balance activities whilst
looking ahead at
projected images with
unpredictable
movements.
Participants with mild-
moderate disease also
performed simple
balance exercises
independently at home.

15

Comparison

Traditional balance
rehabilitation

3x 60-minute
sessions per week
for 4 weeks with
setting and
practitioner not
reported.

Standardised
rehabilitation
treatment for
balance disorders.
Tailored static and
dynamic exercises
using both single-leg
and double-leg
stances, as well as
half-kneeling
exercises of
increasing difficulty.

Usual care

Participants did not
receive any
intervention. No
further details

Outcomes

e Gait and
balance

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Stability, mobility and upper limb function

Study

Cabrera-
Martos
2020

RCT

Spain

Capecci
2019

RCT

Italy

Population

e Home-based
optokinetic
training: n=3/n=3

e Usual care:
n=1/n=5

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=44 adults with
idiopathic
Parkinson’s
disease

e Core stabilisation
training: n=22

e Standard
rehabilitation:
n=22

Age in years

[Mean (SD)]:

e Core stabilisation
training: 77.22
(6.22)

e Standard
rehabilitation:
75.87 (1.19)

Sex (M/F):

e Core stabilisation
training:
n=7/n=15

e Standard
rehabilitation:
n=11/n=11

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=96 adults with

idiopathic

Parkinson’s

disease

¢ Robotic-assisted
gait training (G-
EO system™):
n=60

e Treadmill
training: n=50

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
stability — Vestibular
exercise, including
optokinetic training

Core stabilisation
training

3x 45-minute group
sessions (5-6
participants) per week
for 8 weeks. Delivered
in the community at
healthcare facility by a
physical therapist.

Programme was
designed around the
principles of motor
relearning and skill
acquisition, and
included tailored
functional exercises in
contexts that would
maximise transfer
functional activity.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Robotic-assisted gait
training (G-EO
system™)

5x 45-minute sessions
per week for 4 weeks in
outpatient
neurorehabilitation
facilities with
physiotherapist.

16

Comparison

Standard
rehabilitation

3x 45-minute group
sessions (5-6
participants) per
week for 8 weeks.
Delivered in the
community at a
healthcare facility by
a physical therapist.

Included active joint
mobilisation, muscle
stretching, and
motor coordination
exercises. Exercises
were tailored and
increased in
complexity.

Treadmill training

5x 45-minute
sessions per week
for 4 weeks in
outpatient
neurorehabilitation
facilities with
physiotherapist.

Outcomes

e Gait and
balance

e Gait and
balance

e Exercise
capacity

e Limb/joint/m
uscle
function

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)



FINAL

Stability, mobility and upper limb function

Study

Cattaneo
2018

RCT

Czech
Republic
and ltaly

Population

Age in years

[Mean (SD)]*:

¢ Robotic-assisted
gait training (G-
EO system™):
68.1 (9.8)

e Treadmill
training: 67.0
(7.6)

Sex (M/F):

» Robotic-assisted
gait training (G-
EO system™):
n=19/n=29

e Treadmill
training:
n=24/n=24

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=48 per arm)

N=119 adults with
multiple sclerosis

e Exercises to
improve balance
and mobility:
n=78

e Standard
balance
rehabilitation:
n=41

Age in years

[Mean (SD)]:

o Exercises to
improve balance
and mobility:
48.9 (11.1)

e Standard
balance
rehabilitation:
46.7 (11.4)

Sex (M/F):

Intervention

Participants used an
end-effector robotic
device with robot
assisted walking at
different speeds with
some body-weight
support. Initially, 30-
40% of bodyweight
support was used at 1.5
km/h and gradually
increased to a
maximum of 2.2-2.5
km/h with bodyweight
decreased up to 20%
based on tolerance.
Training was always
performed on the "ON"
phase of treatment.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Exercises to improve
balance and mobility

2-3x 45-minute
sessions per week for
7-10 weeks. Delivered
by physical therapist
with setting not
reported.

Balance training based
on published best
practice
recommendations
which lasted minimum
25-45 minutes. Aims
were to improve
postural control, and
control of movements of
the core during static,
dynamic and
transitional tasks.

17

Comparison

Treadmill training

involving walking on
the treadmill without
bodyweight support.
Initial walking speed

per session was 0.8-

1 km/h and then to
2.0 km/h or greater
based on tolerance.
Training was always
performed on the
"ON" phase of
treatment.

Standard balance
rehabilitation

2-3x 45-minute
sessions per week
for 7-10 weeks.
Delivered by
physical therapist
with setting not
reported.

Designed to reduce
body function and
activity limitations.
Treatment for
balance disorders
was a maximum of
10-minutes per
session.

Outcomes

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Ciatto
2023

RCT

Italy

Population

e Exercises to
improve balance
and mobility:
n=24/n=54

e Standard
balance
rehabilitation:
n=12/n=29

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=30 adults with
Parkinson’s
disease

¢ Bodyweight
supported gait
training plus
bodyweight
supported
balance
exercises (Rysen
system): n=15

¢ Standard
rehabilitation:
n=15

Age in years

[Mean (SD)]:

o Bodyweight
supported gait
training plus
bodyweight
supported
balance
exercises (Rysen
system): 68 (8.5)

e Standard
rehabilitation: 68
(8.5)

Sex (M/F):

o Bodyweight
supported gait
training plus
bodyweight
supported
balance
exercises (Rysen
system):
n=10/n=5

e Standard
rehabilitation:
n=5/n=10

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Bodyweight supported
gait training plus
bodyweight supported
balance exercises
(Rysen system)

5x 40-minute sessions
per week for 4 weeks at
a Parkinson’s disease
neurorehabilitation unit
with a physiotherapist.

Identical training to
control group with
addition of the Rysen
system, a 3-
dimensional bodyweight
support system to
enhance balance
reactions and maintain
natural gait patterns.
The system simulates
terrains and real-life
conditions with different
exercise modes (for
example, stand up,
walking, and stairs).

Protocol intervention
group: Mixed
(Rehabilitation
interventions to address
stability — Balance
EXEercises;
Rehabilitation
interventions to address
mobility — Gait training)

18

Comparison Outcomes
Standard e Gait and
rehabilitation balance

e Functioning

5x 40-minute
sessions per week
for 4 weeks at a
Parkinson’s disease
neurorehabilitation
unit with a
physiotherapist.

Conventional
rehabilitation
programme with
exercises aimed to
improve postural
control, walking
ability, and balance,
tailored to individual
needs.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study Population

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=24 adults with
progressive
supranuclear palsy

¢ Robotic-assisted
gait training
(Lokomat) plus
multidisciplinary
intensive
rehabilitation:
n=12

o "Treadmill plus'
training plus
multidisciplinary
intensive
rehabilitation:
n=12

Clerici
2017

RCT

Italy

Age in years

[Mean (SD)]:

¢ Robotic-assisted
gait training plus
multidisciplinary
intensive
rehabilitation:
69.9 (5.2)

o 'Treadmill plus'
training plus
multidisciplinary
intensive
rehabilitation:
72.5(6.1)

Sex (M/F):

¢ Robotic-assisted
gait training
(Lokomat) plus
multidisciplinary
intensive
rehabilitation:
n=5/n=7

o "Treadmill plus'
training plus
multidisciplinary
intensive
rehabilitation:
n=7/n=5

Chronic
neurological
disorder category:

Intervention

Robotic-assisted gait
training (Lokomat) plus
multidisciplinary
intensive rehabilitation

5x 20-minutes per week
for robotic-assisted gait
training and 4x 60-
minute intensive
rehabilitation sessions
over 5 days for 4 weeks
in a hospital setting with
physiotherapist for
intervention and
otherwise
multidisciplinary.

The intervention was
Lokomat training, a
driven-gait orthosis
enabling gait on a
treadmill. Maximum
speed capped at 2.5
km/h. It was part of the
second session of
multidisciplinary
intensive rehabilitation
which was aerobic,
motor-cognitive and
goal based. Exercise
intensity was 70-80% of
heart rate. The first
daily session was a
one-on-one session
with a physical
therapist, the second
session involved
aerobic and repetitive
activities for gait
balance using the
Lokomat,
cycloergometer,
crossover and
posturographic platform
with visual feedback,
the third session was
occupational therapy
and last session was
speech therapy.

Protocol intervention
group: Rehabilitation

19

Comparison Outcomes
"Treadmill plus' e Gait and
training plus balance

multidisciplinary e Exercise
intensive capacity

rehabilitation

¢ Functioning

5x 20-minutes per
week for ‘treadmill
plus’ and 4x 60-
minute intensive
rehabilitation
sessions over 5
days for 4 weeks in
a hospital setting
with physiotherapist
for ‘treadmill-plus’
and otherwise
multidisciplinary.

"Treadmill-plus’
training with visual
and auditory cues
and maximum speed
capped at 2.5 km/h.
The participant had
to reach a visual
target for each
stride, tailored to the
individual.

The multidisciplinary
intensive
rehabilitation was as
described in
intervention, except
on the second daily
session participants
in this group used
the 'treadmill-plus’
instead of Lokomat.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Conradsso
n 2015

RCT

Sweden

Coote
2015

RCT

Ireland

Population
Progressive
neurological
diseases.

N=100 adults with
idiopathic
Parkinson’s
disease

o Hi Balance
training
programme:
n=51

e Usual care: n=49

Age in years

[Mean (SD)]*:

e Hi Balance
training
programme: 72.9
(6.0)

e Usual care: 73.6
(5.3)

Sex (M/F):

e Hi Balance
training
programme:
n=28/n=19

e Usual care:
n=23/n=22

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=47 for Hi
Balance training
programme and
n=44 for usual
care)

N=37 adults with
multiple sclerosis

e Neuromuscular
electrical
stimulation plus
progressive
resistance
training: n=19

Intervention

interventions to address
mobility — Gait training

Hi Balance training
programme

3x 60-minute group
based (4-7 participants)
sessions per week for
10 weeks at a
community hospital by
physiotherapists.

Balance training tailored
to individual and
specific to Parkinson’s
disease based on
motor-learning
principles (progressive
overload, and variation)
with gradual
introduction of cognitive
and motor dual tasking
exercises.

Participants were
advised to maintain
their normal level of
exercise throughout the
intervention period.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Neuromuscular
electrical stimulation
plus progressive
resistance training

30 sessions (2x per
week for first 6 weeks
and 3x per week from

20

Comparison

Usual care

Participants were
encouraged to
maintain normal
physical activity and
exercise, and were
not restricted from
participating in
ongoing
rehabilitation
programs.

Progressive
resistance training

30 sessions (2x per
week for first 6
weeks and 3x per
week from week 7-

12) over 12 weeks in

Outcomes

e Gait and
balance

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Stability, mobility and upper limb function

Study Population

e Progressive
resistance
training: n=18

Age in years

[Mean (SD)]*:

e Neuromuscular
electrical
stimulation plus
progressive
resistance
training: 51.8
(12.6)

e Progressive
resistance
training: 51.8
(12.1)

Sex (M/F):

e Neuromuscular
electrical
stimulation plus
progressive
resistance
training:
n=4/n=11
Progressive
resistance
training: n=4/n=6

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant

characteristics only

presented for
participants
analysed rather
than randomised
(n=15 for
neuromuscular
electrical
stimulation plus
progressive
resistance training
and n=10 for
progressive
resistance training)

N=24 adults with
spinal cord injury
o Web-based

individualised
physiotherapy

Coulter
2017

RCT

Intervention

week 7-12) over 12
weeks in the
participant’s home and
self-directed.

Participants wore the
'Kneehab' synthetic
garment which
consisted of 4
electrodes placed on
the thigh with the aim of
activating the
quadriceps muscle. It
was worn on the
weaker leg for the
quadricep exercises.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Lower limb
wearables, electrical
stimulation and lower-
body robotics

Web-based
individualised
physiotherapy
programme

21

Comparison Outcomes
the participant’s
home and self-

directed.

Six lower limb
exercises using
stable surfaces to
reduce fall risk.

Waitlist control e Exercise
capacity

Community based

setting for 8 weeks.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study
UK

Curcio
2020

RCT

Italy

Population
programme:
n=16

o Waitlist control:
n=8

Age in years

[Mean (SD)]:

e \Web-based
individualised
physiotherapy
programme: 51.5
(13.0)

o Waitlist control:
48.1 (10.6)

Sex (M/F):

o Web-based
individualised
physiotherapy
programme:
n=9/n=7

o Waitlist control:
n=5/n=3

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

N=22 adults with

traumatic brain

injury

e Aquatic training
plus
multidisciplinary
neurorehabilitatio
n: n=11

e Land-based
training plus
multidisciplinary
neurorehabilitatio
n: n=11

Age in years

[Mean (SD)]*:

¢ Aquatic training
plus
multidisciplinary
neurorehabilitatio
n: 37.4 (15.3)

¢ Land-based
training plus

Intervention

2x 30-minute sessions
per week for 8 weeks at
home with a web-based
physiotherapist.

Physiotherapist
prescribed personalised
web-based exercise
programs with tailored
aerobic, strengthening,
stretching, and balance
exercises adapted for
people spinal cord
injury. Online content
included exercise,
exercise diary, advice,
and education sections,
with each exercise page
featuring a video, a
written explanation, and
an audio description.
Online diaries were
reviewed biweekly with
feedback and
adjustments where
needed.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Individualised (tailored)
exercise programmes

Aquatic training plus
multidisciplinary
neurorehabilitation

3x 45-minute sessions
per week for 4 weeks at
an inpatient
neurorehabilitation
hospital with
physiotherapist for
aquatic training,
otherwise
multidisciplinary.

Water-based training in
a rehabilitation pool
focused on dynamic
and postural stability.
Sessions involved initial
5-minute warm up, 20-
minute repetitive
exercises and 20-
minutes of gait step

22

Comparison

Usual care was self-
management of their
condition. They were
asked to continue
any current exercise
routines and keep
an exercise diary.

Land-based training
plus multidisciplinary
neurorehabilitation

3x 45-minute per
week for 4 weeks at
an inpatient
neurorehabilitation
hospital with
practitioner
unspecified for
conventional
training, otherwise
multidisciplinary.

Standard land-based
therapy with
individualised
exercises to improve
static and dynamic
postural stability.
Exercises involved
active-assisted

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function

e Functioning

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study Population
multidisciplinary
neurorehabilitatio

n: 43.0 (14.1)

Sex (M/F):

¢ Aquatic training
plus
multidisciplinary
neurorehabilitatio
n: n=4/n=6

e Land-based
training plus
multidisciplinary
neurorehabilitatio
n: n=5/n=5

Chronic
neurological
disorder category:
Acquired brain

injury.

*Participant
characteristics only
presented for
participants
receiving the
intervention rather
than randomised
(n=10 for both
arms)

N=48 adults with
multiple sclerosis

e Web-based
tailored
physiotherapy
programme:
n=32

o Standardised
physiotherapy
programme:
n=16

Donkers
2020

RCT

Canada

Age in years

[Mean (SD)]:

¢ Web-based
tailored
physiotherapy
programme: 54.6
(11.9)

o Standardised
physiotherapy
programme: 53.8
(12.2)

Sex (M/F):

Intervention
exercises. Gait
exercises utilised upper
limbs which were
placed on two floating
aids and then a dual-
motor task. Immersion
varied by participant
based on height and
exercise challenges.
Participants also
received
multidisciplinary
neurorehabilitation
exercises involving
speech and cognitive
therapy, swallowing and
respiratory
rehabilitation, and
occupational therapy.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Hydrotherapy

Web-based tailored
physiotherapy
programme

2x sessions per week
(duration not reported)
for 26 weeks. Web-
based physiotherapist
delivered at home.

Physiotherapist
prescribed personalised
web-based exercise
programs with videos,
text, and audio
descriptions. Online
diaries were reviewed
and adjusted by the
physiotherapist every 2-
weeks. Expertly-
informed additional
exercises for more
advanced disabilities
were available.

23

Comparison Outcomes
mobilisation, muscle

stretching postural

transition, balance,

and gait training.

This was in addition

to multidisciplinary
neurorehabilitation

as described in

intervention.

Standardised
physiotherapy
programme

e Gait and
balance

Home-based for 26
weeks with
number/frequency of
sessions not
reported and
delivered by
physiotherapists.

Participants received
a written, home-
based exercise
programme aligned
with standard
outpatient
physiotherapy
practices. They kept
a paper exercise
diary.
Physiotherapists did
not review these
diaries, but would
adjust programmes
via email if needed.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Stability, mobility and upper limb function

Study

Esclarin-
Ruz 2014

RCT

Spain

Population

e Web-based
tailored
physiotherapy
programme:
n=12/n=20

e Standardised
physiotherapy
programme:
n=5/n=11

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=88 adults with
spinal cord injury
(lower motor
neuron or upper
motor neuron
injuries)
¢ Robotic-assisted
gait training
(Lokomat) plus
standard
physical
treatment: n=44
o Lower motor

neuron injuries:

n=22
o Upper motor

neuron injuries:

n=22

e Conventional
overground gait
training plus
standard
physical
treatment
o Lower motor

neuron injuries:

n=22
o Upper motor

neuron injuries:

n=22

Age in years

[Mean (SD)]*:

¢ Robotic-assisted
gait training
(Lokomat) plus
standard
physical
treatment:

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Individualised (tailored)
exercise programmes

Robotic-assisted gait
training (Lokomat) plus
standard physical
treatment

60-minute sessions (30-
minutes robotic-
assisted gait training
and 30-minutes
standard physical
treatment), 5 days per
week for 8 weeks at a
specialist spinal cord
injury hospital with
physiotherapist.

30-minutes of training
on a treadmill at a
comfortable speed with
Lokomat, a robotic-
driven gait orthosis and
partial bodyweight.
Orthoses were
individualised to injury
level and motor function
ability. Body-weight
support was 60% and
reduced based on load
tolerance to minimum
25%. Participants also
received 30-minutes of
standard physical
treatment, including
joint mobilisation below
the spinal injury area,
strengthening, muscle
stretching, postural
relaxation techniques,
trunk stabilisation,
rotation work and self-
care skill training.

24

Comparison

Conventional
overground gait
training plus
standard physical
treatment

60-minute sessions
(30-minutes
conventional
overground training
and 30-minutes
standard physical
treatment), 5 days
per week for 8
weeks at a specialist
spinal cord injury
hospital with
physiotherapist.

Participants
underwent 30-
minutes of standard
physical treatment
(as described in
intervention) and 30-
minutes of
overground walking
gait training.

Outcomes

e Gait and
balance

e Exercise
capacity

e Limb/joint/m
uscle
function

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study Population

o Lower motor
neuron injuries
36.4 (12)

o Upper motor
neuron injuries
43.6 (12)

e Conventional
overground gait
training plus
standard
physical
treatment:

o Lower motor
neuron injuries
42.7 (18)

o Upper motor
neuron injuries
44.9 (7)

Sex (M/F):

¢ Robotic-assisted
gait training
(Lokomat) plus
standard
physical
treatment:
o Lower motor

neuron injuries:

n=14/n=6
o Upper motor

neuron injuries:

n=15/n=6

e Conventional
overground gait
training plus
standard
physical
treatment
o Lower motor

neuron injuries:

n=17/n=4
o Upper motor

neuron injuries:

n=13/n=8

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

*Participant

characteristics only

reported for
participants
analysed rather
than randomised

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

25

Comparison

Outcomes

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study Population

(n=21 for each
subgroup arm
apart from robotic-
assisted gait
training (Lokomat)
plus standard
physical treatment
(lower motor
neuron injuries)
where n=20)

N=16 adults with
amyotrophic lateral
sclerosis

e Tailored exercise
programme: n=8
e Usual care: n=8

Ferri 2019
RCT

Italy

Age in years
[Mean (SD)]: Not
reported, [Mean
(SE):

o Tailored exercise
programme: 50.7
(3.3)

o Usual care: 55.5
(5.95)

Sex (M/F):

e Tailored exercise
programme:
n=6/n=2

e Usual care:
n=6/n=2

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=40 adults with
Parkinson’s
disease

e Home-based and
centre-based
individualised
exercise
programme:
n=20

¢ Centre-based
individualised

Flynn
2021

RCT

Australia

Intervention

Tailored exercise
programme

3x 60-minute sessions
per week for 12 weeks
in a rehabilitation and
physical therapy clinic
gym with sport
scientists, a medical
doctor, and a medical
student.

Individual training
sessions of moderate-
intensity, aerobic and
strength training
programme. This
involved 15-minutes of
moderate-intensity
cycling, 25-minutes of
weekly alternating
strength exercises, 10-
minutes of
proprioceptive
exercises and 10-
minutes of upper and
lower extremity
stretching.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Individualised (tailored)
exercise programmes

Home-based and
centre-based
individualised exercise
programme

3x 60-minute sessions
per week for 10 weeks
at a university
physiotherapy clinic
with physiotherapist and
at home.

26

Comparison Outcomes
Usual care e Gait and
balance
Participants e Exercise
maintained their capacity

usual daily activities,
passive manual
therapy and
received the same
supplement as the
intervention group 3
times a week for 12
weeks.

e Functioning

e Gait and
balance

Centre-based
individualised
exercise programme

3x 60-minute
sessions per week
for 10 weeks at a
university
physiotherapy clinic
with physiotherapist.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study Population
exercise
programme:

n=20

Age in years

[Mean (SD)]:

¢ Home-based and
centre-based
individualised
exercise
programme: 72
(7.3)

¢ Centre-based
individualised
exercise
programme: 71
(6.6)

Sex (M/F):

e Home-based and
centre-based
individualised
exercise
programme:
n=15/n=5

e Centre-based
individualised
exercise
programme:
n=15/n=5

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=87 adults with

multiple sclerosis

e Balance exercise
programme
(CoDuSe): n=44

o Waitlist control:
n=43

Forsberg
2016

Crossover
RCT

Sweden

Age in years

[Mean (SD)]*:

¢ Balance exercise
programme
(CoDuSe): 52
(10)

Intervention

Individualised tailored
physiotherapist
prescribed exercise
programmes focusing
on balance, gait,
hypokinesia,
bradykinesia, and
postural instability.
Exercises were
completed during the
‘ON’ phase of
medication.

Weeks 1-5 (Block 1)
involved 2 sessions at a
university clinic and 1
session at home with
45-minutes of
individually prescribed
exercises and an
additional 15-minute
self-management
programme to enhance
exercise self-efficacy
and management sKills.
Weeks 6-10 (Block 2)
involved similar
independent home-
based exercises
monitored via
telehealth.
Physiotherapists
monitored progress by
telephone in weeks 7
and 9.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Individualised (tailored)
exercise programmes

CoDuSe balance
exercise programme

2x 35-45-minute group
sessions (4-7
participants) per week
for 7 weeks with
physical therapist.
Setting not reported.

The intervention
targeted visual,
somatosensory, and
vestibular aspects of

27

Comparison

Participants followed
the same pre-block
and Block 1
programme as those
in the intervention
arm. In Block 2
(weeks 6-10),
participants continue
the centre-based
exercise
programme.
Exercises were
completed during
the ‘ON’ phase of
medication.

Waitlist control

Participants were
under waitlist control
until they crossed
over into the
intervention arm (not
considered in this
review).

Outcomes

e Gait and
balance

e Exercise
capacity
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Stability, mobility and upper limb function

Study

Gandoffi
2015

RCT

Italy

Population

o Waitlist control:
56.3 (11)

Sex (M/F):

e Balance exercise
programme
(CoDusSe):
n=7/n=28

o Waitlist control:
n=7/n=31

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=35 in CoDuSe
balance exercise
programme and
n=38 for waitlist
control)

N=80 adults with

relapsing-remitting

multiple sclerosis

e Sensory
integration
balance training:
n=39

e Conventional
rehabilitation:
n=41

Age in years

[Mean (SD)]:

e Sensory
integration
balance training:
47.21 (6.9)

e Conventional
rehabilitation:
49.56 (6.85)

Sex (M/F):

e Sensory
integration
balance training:
n=11/n=28

Intervention

balance. Sessions
involved 20-minutes of
core stability exercises,
15-20 minutes each of
dual-task exercises and
exercises challenging
different sensory
strategies, and 5-
minutes of stretching or
relaxing.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Sensory integration
balance training

3x 50-minute sessions
per week for 5 weeks in
an outpatient
rehabilitation unit with a
physical therapist.

The programme
addressed
proprioceptive and
central processing
deficits. Each session
consisted of tailored
graded exercises in
static and dynamic
positions with 3 levels
of sensory input (free
vision, blindfolded, or
wearing a visual-conflict
dome). Complexity
increased as condition
improved..

Protocol intervention
group: Rehabilitation
interventions to address

28

Comparison Outcomes
Conventional e Gait and
rehabilitation balance

3x 50-minute
sessions per week
for 5 weeks in an
outpatient
rehabilitation unit
with a physical
therapist.

Tailored passive and
active lower limb
joint mobilisation,
muscle stretching,
and strengthening
exercises according
to multiple sclerosis
specific rehabilitation
guidelines.
Complexity
increased as
condition improved.
Each session
included the same
frequency and
duration of exercises
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Stability, mobility and upper limb function

Study

Gandoffi
2017

RCT

Italy

Gandolfi
2018

RCT

Italy

Population

e Conventional
rehabilitation:
n=10/n=31

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=76 adults with
Parkinson’s
disease

o Virtual reality-
based balance
training: n=38

e Sensory
integration
balance training:
n=38

Age in years

[Mean (SD)]:

o Virtual reality-
based balance
training: 67.45
(7.18)

e Sensory
integration
balance training:
69.84 (9.41)

Sex (M/F):

o Virtual reality-
based balance
training:
n=23/n=15

e Sensory
integration
balance training:
n=28/n=10

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=44 adults with
multiple sclerosis

e Robot-assisted
hand training:
n=23

e Non-robotic hand
training: n=21

Intervention

stability — Balance
exercises

Virtual reality-based
balance training
(Nintendo Wii)

3x 50-minute sessions
per week for 7 weeks at
home with
physiotherapist
supervising 2
participants at once.

Sessions consisted of
warm up and stretching
and Nintendo Wii Fit®
system (TeleWii) with
Nintendo Wii Balance
Board® based
exercises such as table
tilt and skateboarding.
Games were selected
by the physiotherapist
based on the
participant’s condition
and improvements.
Participants were asked
to train during the “ON”
stage of medication.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Robot-assisted hand
training

2x 50-minute sessions
per week for 5 weeks at
an outpatient
neurorehabilitation unit
with a physiotherapist.

29

Comparison
as the intervention
group.

Sensory integration
balance training

3x 50-minute
sessions per week
for 7 weeks in an
outpatient
rehabilitation unit
with physiotherapist.

Sessions consisted
of warm up and
stretching, static and
dynamic balance
exercises under
different sensory
conditions (for
example,
blindfolded), and
destabilisation
exercises on a
progressive basis
according to ability.
Participants were
asked to train during
the “ON” stage of
medication.

Non-robotic hand
training

2x 50-minute
sessions per week
for 5 weeks at an
outpatient
neurorehabilitation

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function
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Study

Gandoffi
2019

RCT

Italy

Population

Age in years
[Mean (SD)]:

¢ Robot-assisted

hand training:
51.96 (10.87)

¢ Non-robotic hand
training: 50.67
(10.80)

Sex (M/F):

¢ Robot-assisted
hand training:
n=10/n=13

e Non-robotic hand
training: Unclear,
reported
incorrectly in
paper

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=37 adults with

Parkinson’s

disease

o Trunk-specific
exercise
programme:
n=19

e Standard
rehabilitation:
n=18

Age in years

[Mean (SD)]:

e Trunk-specific
exercise
programme: 72.4
2 (6.40)

e Standard
rehabilitation:
70.72 (6.60)

Sex (M/F):
o Trunk-specific
exercise

Intervention

The participant was
seated with their arm
strapped into a
stabilizing splint
attached to a robotic
device. Three training
modes were used for
10-minutes each:

1) Continuous passive
motion for finger flexion
and extension.

2) Assistive therapy,
actively training the
hand at performance
limit.

3) Interactive virtual-
reality therapy, using
virtual therapy games
where the participant
exerted isometric force
in flexion or extension.

Task difficulty was
adjusted by the
physiotherapist based
on performance.

Protocol intervention
group: Rehabilitation
interventions to address
upper limb functioning —
Robotics and repetitive
task training

Trunk-specific exercise
programme

2x 60-minute sessions
per week for 4 weeks
with a physiotherapist in
an outpatient
neurorehabilitation unit
and 3 sessions at home
(‘self-practice’, including
telephone contact with
physiotherapist).

Each session
comprised three parts:

1) Active self-correction
exercises (20-minutes) -
graded exercises
repeated under different
sensory conditions with
visual feedback (mirror),
proprioceptive feedback
(electromyography), or
no feedback.

30

Comparison

unit with a
physiotherapist.

Upper limb
rehabilitation
protocol, based on
the
neurodevelopmental
technique, included
limb mobilisation of
the shoulder girdle,
elbow, wrist, and
fingers joints,
movement
facilitation, and
active tasks selected
from 15 challenging
exercises. The focus
was on improving
muscle strength,
dexterity, and motor
control.

Standard
rehabilitation

2x 60-minute
sessions per week
for 4 weeks with a
physiotherapist in an
outpatient
neurorehabilitation
unit and 3 sessions
at home ('self-
practice', including
telephone contact
with
physiotherapist).

Sessions involved
20-minutes each of
joint mobilisation,
muscle
strengthening and
stretching, and gait
training and balance
exercises.

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function
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Stability, mobility and upper limb function

Study

Gasner
2019

RCT

Germany

Gil-Agudo
2023

RCT

Spain

Population
programme: n=9/
n=10

e Standard
rehabilitation:
n=15/n=3

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=43 adults with
multiple sclerosis

e Perturbation
treadmill training:
n=21

¢ Conventional
treadmill training:
n=22

Age in years:
See Steib 2017

Sex:
See Steib 2017

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=23 adults with

complete spinal

cord injury

e Robot-assisted
gait training
(HANK): n=12

e Conventional
gait training:
n=11

Age in years

[Mean (SD)]*:

¢ Robot-assisted
gait training

Intervention

2) Trunk stabilisation
exercises (20-minutes)
aimed at strengthening
the trunk muscles and
stability and
improvement of muscle
coordination.

3) Functional tasks
used as a 'distraction’
(through dual-task
exercises) to engage
attention, foster self-
correction, and promote
trunk stabilisation.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Perturbation treadmill
training

See Steib 2017

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Robot-assisted gait
training (HANK)

3x 60-minute sessions
per week over 5 weeks,
with a physiotherapist.

Each session involved
20-minutes for setting
up, 30-minutes of
robotic ambulatory gait
training with lower limb
exoskeleton "HANK",
and 5-minutes each for
rest and registering

31

Comparison Outcomes
Conventional e Limb/joint/m
treadmill training uscle
function
See Steib 2017
Conventional gait e Gait and
training balance
e Exercise
3x 30-minute capacity
sessions per week e Limb/joint/m
over 5 weeks. uscle
function

Each rehabilitation
session comprised
traditional gait
training with
analytical
mobilisation,
strengthening for the
lower limb and gait

e Functioning
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Study

Gryfe
2022

RCT

Canada

Population
(HANK): 41
(12.39)

e Conventional
gait training: 51.8
(11.93)

Sex (M/F):

e Robot-assisted
gait training
(HANK): n=7/n=4

¢ Conventional
gait training:
n=8/n=2

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=11 for robot-
assisted gait
training (HANK)
and n=10 for
conventional gait
training)

N=41 adults with
Parkinson’s
disease

e Exercise
programme with
exoskeleton:
n=13

e Exercise
programme
without
exoskeleton:
n=15

e Waitlist control:
n=13

Age in years

[Mean (SD)]*:

e Exercise
programme with
exoskeleton:
67.6 (5.9)

e Exercise
programme
without

Intervention
variables assessed.
There was access to
external support if
needed (therapist or
walking aid).
Physiotherapist
feedback was provided
during and after each
session on walking
pace and distance.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Exercise programme
with exoskeleton

2x 60-minute sessions
per week for 8 weeks at
outpatient clinics with
trained physiotherapy
research assistants.

Sessions included a
walking warm-up, core
strength exercises,
aerobic walking,
functional mobility
tasks, ankle strength
exercises, and
balance/posture
activities. Repetitions
increased until week 5
and then maintained.
The exoskeleton was
used during all
sessions.

32

Comparison
re-education if
possible.

1. Exercise
programme without
exoskeleton

2x 60-minute
sessions per week
for 8 weeks at
outpatient clinics
with trained
physiotherapy
research assistants.

Participants
completed the same
programme as the
intervention without
using the
exoskeleton device
during sessions.

2. Waitlist control

Participants
underwent baseline
and 8-week post-

Outcomes

e Gait and
balance

e Exercise
capacity

e Limb/joint/m
uscle
function
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Stability, mobility and upper limb function

Study Population
exoskeleton:

70.7 (7.3)

o Waitlist control:
69.3 (8.0)

Sex (M/F):

e Exercise
programme with
exoskeleton:
n=4/n=9

e Exercise
programme
without
exoskeleton:
n=7/n=7

o Waitlist control:
n=10/n=3

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant

characteristics only

reported for
participants
analysed rather
than randomised
(n=13 for exercise
programme with
exoskeleton, n=14
for exercise
programme
without
exoskeleton, and
n=13 for waitlist
control)

N=12 children and

young people with

Duchenne

muscular

dystrophy

o Aquatic therapy
and land-based
training: n=8

¢ Land-based
training: n=4

Hind 2017
RCT

UK

Age in years

[Mean (SD)]:

o Aquatic therapy
and land-based
training: 8.0 (0.9)

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Wearable
garments, technology
and exoskeletons

Aquatic therapy and
land-based training

2x 30-minute sessions
per week (up to 52
sessions) for 6 months
in a hydrotherapy pool
with physiotherapist
trained in hydrotherapy.

Tailored aquatic therapy
involving active assisted
or passive stretching
targeting main muscle
groups, simulated or
real functional activities.
Initial appointment

33

Comparison
intervention
assessments and
received weekly
calls but did not take
part in the exercise
interventions.

Land-based training

6 days per week for
6 months using local
services and
physiotherapists.

Land based training
based upon usual
individualised
physiotherapy
intervention. This
typically included
regular stretching
targeting main
muscle groups, and
advice towards

Outcomes

e Gait and
balance

e Exercise
capacity
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Study

Hoang
2016

RCT

Australia

Kapadia
2014

RCT

Canada

Population

e Land-based
training: 9.8 (2.5)

Sex (M/F):

o Aquatic therapy
and land-based
training: n=8/n=0

e Land-based
training: n=4/n=0

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=50 adults with
multiple sclerosis

o Virtual reality-
based step
training: n=28

e Usual care: n=22

Age in years

[Mean (SD)]:

o Virtual reality-
based step
training: 53.4
(10.6)

e Usual care: 51.4
(12.8)

Sex (M/F):

o Virtual reality-
based step
training:
n=7/n=21

e Usual care:
n=5/n=17

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=34 adults with

traumatic

incomplete spinal

cord injury

¢ Functional
electrical
stimulation plus
bodyweight

Intervention

included standard land-
based therapy stretches
and exercises with
specialist
physiotherapist and
participants were asked
to undertake land-
based therapy on four
of the other 5 days of
the week.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Hydrotherapy

Virtual reality-based
step training

Minimum 2x per week
at home for 12 weeks
with exercise therapist.

Two interactive
exergames performed
at home via a 6 panel
stepping mat wirelessly
connected to a
television: 1)
Stepmania, a rhythm
video game requiring
matching step direction
and timing. 2) Choice
stepping reaction time
training requiring
participants to quickly
match the step direction
displayed on screen.
Follow-up check-in
phone call occurred in
the first 2 weeks.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Functional electrical
stimulation plus
bodyweight supported
treadmill training
(Loko70)

3x 45-minute sessions
per week for 16 weeks

34

Comparison

directed exercise or
regular activity.

Prescription towards
therapy was usually

adjusted every 2-3
months based on
progress.

Usual care

Community setting
for 12 weeks.

Usual physical
activity and
assessments were
performed in a gym
setting.

Resistance and
aerobic exercise
programme

3x 45-minute
sessions per week
for 16 weeks in an
outpatient spinal

Outcomes

e Gait and
balance

e Exercise
capacity
e Functioning

e Gait and
balance

e Exercise
capacity
e Functioning
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Study

Kleffelgaar
d 2019

RCT

Norway

Population
supported

treadmill training:

n=17
¢ Resistance and
aerobic exercise

programme:
n=17

Age in years

[Mean (SD)]:

e Functional
electrical
stimulation plus
bodyweight
supported

treadmill training:

56.59 (14.00)

¢ Resistance and
aerobic exercise
programme:
54.06 (16.45)

Sex (M/F):

e Functional
electrical
stimulation plus
bodyweight
supported

treadmill training:

n=14/n=3
e Resistance and
aerobic exercise

programme:
n=12/n=5

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

N=65 adults with

traumatic brain

injury

e Vestibular
rehabilitation
plus
multidisciplinary
outpatient
rehabilitation:
n=33

o Multidisciplinary
outpatient
rehabilitation:
n=32

Intervention

in an outpatient spinal
cord injury rehabilitation
hospital with
physiotherapist.

Functional electrical
stimulation targeting
key lower limb muscles
while walking on a
bodyweight support
treadmill with a
harness system.
Initially, 2
physiotherapists
controlled each leg's
stimulation via push
buttons, progressing to
participant-controlled
gait. Sessions included
multiple 4-5 minute
walking bouts with rest
intervals. Walking
exercises had minimal
bodyweight support,
adjusting the speed for
natural walking. Manual
assistance was
provided as needed for
physiological
movements.

Protocol intervention
group: Mixed
(Rehabilitation
interventions to mobility
— Gait training:
Rehabilitation
interventions to address
mobility: Lower limb
wearables, electrical
stimulation and lower-
body robotics)

Vestibular rehabilitation
plus multidisciplinary
outpatient rehabilitation

2x group sessions (2-5
participants) totalling
150-minutes per week
for 8 weeks at an
outpatient rehabilitation
clinic and with
physiotherapist,
psychiatrist and
multidisciplinary team.

Group sessions with,
individually modified

35

Comparison
cord injury
rehabilitation
hospital with
physiotherapist.

Tailored exercise
programme
including 20-25
minutes of
resistance training
and 20-25 minutes

of moderate intensity
aerobic training (arm

and leg cycling,
walking on a
treadmill or in
parallel bars).
Participants were
given the option to
use the treadmill if
they could walk
unassisted.

Multidisciplinary
outpatient
rehabilitation

Number and
frequency of
sessions not
reported. Delivered
at an outpatient
rehabilitation clinic
over 8 weeks with
physiotherapist,
psychiatrist and
multidisciplinary
team.

Outcomes

e Gait and
balance
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Study Population

Age in years

[Mean (SD)]*:

e Vestibular
rehabilitation
plus
multidisciplinary
outpatient
rehabilitation:
37.6 (12.3)

o Multidisciplinary
outpatient
rehabilitation:
41.2 (13.6)

Sex (M/F):

e Vestibular
rehabilitation
plus
multidisciplinary
outpatient
rehabilitation:
n=10/n=23

o Multidisciplinary
outpatient
rehabilitation:
n=10/n=22

Chronic
neurological
disorder category:
Acquired brain

injury.

*Participant

characteristics only

reported for
participants
analysed at first
follow-up rather
than randomised
(n=33 for
vestibular
rehabilitation plus
multidisciplinary
outpatient
rehabilitation and
n=31 for
multidisciplinary
outpatient
rehabilitation)

N=15 adults with
motor-incomplete
spinal cord injury
¢ Robot-resisted
treadmill training
(Lokomat): n=8

Lam 2015

RCT

Canada

Intervention

vestibular rehabilitation
exercises, a tailored
home exercise
program, guidance
sessions (reflections,
confidence building,
education, peer
support) and an
exercise diary. Session
1 featured individually
modified vestibular
rehabilitation exercises,
while session 2
emphasised muscle
conditioning and group
interactions.
Participants were also
offered usual outpatient
multidisciplinary
rehabilitation with aim to
assist participation in
daily activities and
return to work.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Vestibular
exercise, including
optokinetic training

Robot-resisted treadmill
training (Lokomat)

3x 45-minutes per week
for 3 months.

36

Comparison

The control only
received usual
multidisciplinary
outpatient
rehabilitation as
described in the
intervention arm,.

Robot-assisted
treadmill training
(Lokomat)

3x 45-minutes per
week for 3 months.

Outcomes

e Gait and
balance

e Exercise
capacity
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Study

Leung
2014

RCT

Australia

Population

¢ Robot-assisted
treadmill training
(Lokomat): n=7

Age in years

[Mean (SD)]:

¢ Robot-resisted
treadmill training
(Lokomat): 40.3
(14.1)

¢ Robot-assisted
treadmill training
(Lokomat): 50
(14.3)

Sex (M/F):

¢ Robot-resisted
treadmill training
(Lokomat):
n=6/n=2

¢ Robot-assisted
treadmill training
(Lokomat):
n=3/n=4

Chronic

neurological

disorder category:

Acquired spinal

cord injury.

N=36 adults with

traumatic brain

injury

o Tilt table
standing,
electrical
stimulation and
ankle splinting
plus
multidisciplinary
rehabilitation:
n=18

o Tilt table
standing plus
multidisciplinary
rehabilitation:
n=18

Age in years
[Mean (SD)]*:

Tilt table standing,
electrical
stimulation and
ankle splinting plus
multidisciplinary
rehabilitation: 38
(14)

Intervention

Lokomat-based training
using custom software
to add resistance to hip
and knee joints.
Resistance level was
individualised and force
level was reassessed
every 4-6 training
sessions. Body- weight
support was based on
minimum tolerance
levels and speed was
initially 1.0 km/h,
increasing by 0.1 km/h
when speed could be
maintained for at least
5-minutes.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Tilt table standing,
electrical stimulation
and ankle splinting plus
multidisciplinary
rehabilitation

5x 30-minute sessions
per week of tilt table
standing with electrical
stimulation, and ankle
splinting for 5 days per
week for 12 hours.
Intervention lasted 6
weeks with
physiotherapists,
nursing staff and
physiotherapy
assistants in an
inpatient rehabilitation
unit.

Participants underwent
tilt table standing with
wedge while electrical
stimulation was applied
to the ankle dorsiflexor
muscles by

37

Comparison

Conventional
Lokomat-based
training assisting hip
and knee joints to
aid movement of the
participants' legs.
Body-weight support
and speed of the
treadmill was the
same as for the
intervention group.

Tilt table standing
plus multidisciplinary
rehabilitation

3x 30-minute
sessions per week
for 6 weeks,
delivered by
physiotherapists.

Participants
underwent tilt table
standing and
received usual
multidisciplinary
rehabilitation as
appropriate (no
further details
reported).

Outcomes

e Limb/joint/m
uscle
functioning
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Study

Lozano-
Berrio
2022

RCT

Spain

Population

Tilt table standing
plus
multidisciplinary
rehabilitation: 38
(15)

Sex (M/F):

o Tilt table
standing,
electrical
stimulation and
ankle splinting
plus
multidisciplinary
rehabilitation:
n=14/n=3

o Tilt table
standing plus
multidisciplinary
rehabilitation:
n=15/n=3

Chronic
neurological
disorder category:
Acquired brain

injury.

*Participant
characteristics only
reported for n=17
for tilt table
standing, electrical
stimulation and
ankle splinting and
n=18 tilt table
standing only due
to incorrect
diagnosis after
randomisation

N=28 adults* with

cervical spinal cord

injury

¢ Robotic training
plus
conventional
therapy: n=14

e Conventional
therapy: n=14

Age in years

[Mean (SD)]**:

¢ Robotic training
plus
conventional
therapy: 39.92
(16.52)

Intervention
physiotherapists. In
addition, participants
received usual
multidisciplinary
rehabilitation as
appropriate (no further
details reported).

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Lower limb
wearables, electrical
stimulation and lower-
body robotics.

Robotic training plus
conventional therapy

5x 60-minute sessions
per week for 8 weeks
(maximum of 10 weeks)
with clinical staff in an
inpatient paraplegic
unit.

Participants received
30-minutes of daily
conventional therapy
focused on upper limb
function and activities of
daily living treatment as
well as 30-minutes of
upper limb robotic
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Comparison

Conventional
therapy

5x 60-minute
sessions per week
for 8 weeks
(maximum of 10
weeks) with clinical
staff in an inpatient
paraplegic unit.

Participants received

30-minutes of daily

conventional therapy

for upper limb
function and
activities of daily
living treatment plus

Outcomes

e Limb/joint/m

uscle
function

¢ Functioning

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study

Lozano-
Quilis
2014
RCT

Spain

Population

e Conventional
therapy: 46.81
(16.30)

Sex (M/F):

¢ Robotic training
plus
conventional
therapy: n=8/n=5

e Conventional
therapy:
n=10/n=3

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

*Defined as 16
years or above.

**Participants
characteristics only
presented for
participants
analysed rather
than randomised
(n=13 for each
arm)

N=11 adults with
relapsing-remitting
and secondary-
progressive
multiple sclerosis

¢ Virtual reality-
based motor
rehabilitation
plus traditional
physiotherapy:
n=6

o Traditional
physiotherapy:
n=5

Age in years

[Mean (SD)]:

o Virtual reality-
based motor
rehabilitation
plus traditional
physiotherapy:
48.33 (10.82)

e Traditional
physiotherapy:
40.60 (9.24)

Intervention

therapy using the
Armeo®Spring device.
This was split into two
parts: 15-minutes each
of normal and activities
of daily living training for
drinking. In the game,
participants used the
Armeo®Spring device
to simulate the actions
of reaching, lifting,
drinking, and returning
a glass to the table.

Protocol intervention
group: Rehabilitation
interventions to address
upper limb functioning —
Robotics and repetitive
task training

Virtual reality-based
motor rehabilitation plus
traditional
physiotherapy

1x 15-minute (virtual
reality) and 1x 45-
minute (traditional
therapy) weekly session
for 10 weeks within a
neurorehabilitation
service in a multiple
sclerosis association
with a therapist.

Virtual rehabilitation
with RemoviEM
software and hardware
for motor rehabilitation
exercises. Exercises
were chosen by the
therapist and involved
1) TouchBall, focused
on balance and weight
transfer with lateral
movements of the trunk
involving only the upper
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Comparison

an additional 30-
minutes of

conventional therapy

(no further details).

Traditional
physiotherapy

1x 60-minute weekly
session for 10
weeks within a
neurorehabilitation
service in a multiple
sclerosis association
with a
physiotherapist.

Participants received

standard balance
and gait
rehabilitation
exercises.

Outcomes

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study

Manzanar
es 2021

RCT

Spain

Population

Sex (M/F):

o Virtual reality-
based motor
rehabilitation
plus traditional
physiotherapy:
n=3/n=3

o Traditional
physiotherapy:
n=4/n=1

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

N=11 adults with
spinal cord injury
o Virtual reality
navigation
therapy plus
standard
rehabilitation
programme: n=6
e Standard
rehabilitation
programme: n=5

Age in years

[Mean (SD)]:

o Virtual reality
navigation
therapy plus
standard
rehabilitation
programme:
42.33 (10.72)

e Standard
rehabilitation
programme:
42.40 (16.68)

Sex (M/F):

o Virtual reality
navigation
therapy plus
standard
rehabilitation

Intervention

body, 2) TakeBall,
focused on complete
movements of upper
limbs with coordination,
3) StepBall, focused on
balance and weight
transfer with lateral
movements and
monopodal load. Each
exercise included time
limits, visual and audio
cues and feedback.
Virtual rehabilitation
occurred after
traditional standard
balance and gait
rehabilitation.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Exergaming
and AR/VR

Virtual reality navigation
therapy plus standard
rehabilitation
programme

3x 40-minutes per week
for intervention and 5x
2-hours per week for
standard rehabilitation
for 6 weeks in a
rehabilitation hospital

with primary researcher.

Semi-immersive virtual
reality navigation
therapy using an
Interactive
Rehabilitation Exercise
system for 30- to 40-
minutes per session.
Participants sat in a real
adapted boat with
controls and VSail-
Access simulation was
projected ahead on a
screen with boat, sail,
sea and land visuals.
Participants also
underwent rehabilitation
as per hospital protocol
(details in control

group).
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Comparison Outcomes
Standard e Gait and
rehabilitation balance
programme ¢ Functioning

5x 2-hours per week
for 6 weeks in a
rehabilitation
hospital.

Standard
rehabilitation based
on hospital protocol
which included
physiotherapeutic
exercise,
strengthening and
mobility work.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)



FINAL

Stability, mobility and upper limb function

Study

Maranesi
2022

RCT

Italy

Population
programme:
n=3/n=3

e Standard
rehabilitation
programme:
n=4/n=1

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

N=32 adults with
Parkinson’s
disease

e Non-immersive
virtual reality
exergame and
traditional
rehabilitation
programme:
n=16

e Traditional
rehabilitation
programme:
n=16

Age in years

[Mean (SD)]*:

e Non-immersive
virtual reality
exergame and
traditional
rehabilitation
programme: 72.7
(6.3)

o Traditional
rehabilitation
programme: 75.5
(5.4)

Sex (M/F):

e Non-immersive
virtual reality
exergame and
traditional
rehabilitation
programme:
n=6/n=10

e Traditional
rehabilitation
programme:
n=9/n=5

Chronic
neurological
disorder category:

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — exergaming
and AR/VR

Non-immersive virtual
reality exergame and
traditional rehabilitation
programme

2x 50-minute sessions
per week for 5 weeks in
an outpatient
rehabilitation unit with
physiotherapist.

30-minutes of traditional
rehabilitation therapy
(described in control
arm) and 20-minutes of
individually tailored non-
immersive virtual reality
exergaming (Tymo
system). The participant
controlled actions on a
screen via body
movements. Games
involved movement to
avoid obstacles,
controlling the centre of
gravity or objects on a
plane, with some
involving a cognitive
element.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Exergaming
and AR/VR
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Comparison Outcomes
Traditional e Gait and
rehabilitation balance
programme

2x 50-minute

sessions per week
for 5 weeks in an
outpatient
rehabilitation unit
with physiotherapist.

Sessions included
breathing and
relaxation, task-
oriented exercises,
walking with cues,
stretching, static and
dynamic balance
training, flexibility
exercises, unilateral
and contralateral
coordination
exercises carried out
both in bed as well
as standing and
using all limbs.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study Population
Progressive
neurological

diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=16 for non-
immersive virtual
reality exergame
and traditional
rehabilitation
programme and
n=16 for traditional
rehabilitation
programme)

N=44 adults with
multiple sclerosis

o Exergame-based
RCT balance
exercises
(Nintendo Wii):
n=42
e Waitlist control:
n=42

Nilsagard
2013

Sweden

Age in years

[Mean (SD)]:

o Exergame-based
balance
exercises
(Nintendo Wii):
50.0 (11.5)

o Waitlist control:
49.4 (11.1)

Sex (M/F):

e Exergame-based
balance
exercises
(Nintendo Wii):
n=10/n=32

o Waitlist control:
n=10/n=32

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=39 adults with
multiple sclerosis

Novotna
2019

Intervention Comparison

Exergame-based Waitlist control
balance exercises

(Nintendo Wii) No further details

reported.
3x 30-minute sessions
per week for 6-7 weeks
with a physiotherapist.

Supervised sessions of
balance exercise using
Nintendo Wii Fit Plus®
with Wii Balance
Board®. Programme
exercises were
controlled by balancing
on the board. Initial
exercises were easier
and progressed to more
difficult exercises where
possible or after
‘completing’ a level.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Tailored balance Waitlist control

exercise programme
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Outcomes

e Gait and
balance

e Exercise
capacity

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study
RCT

Czech
Republic

Palamara
2017

RCT

Italy

Population

e Tailored home-
based balance
exercise: n=23

o Waitlist control:
n=16

Age in years

[Mean (SD)]:

e Tailored home-
based balance
exercise:

39.39 (9.68)

o Waitlist control:
42.56 (10.63)

Sex (M/F):

e Tailored home-
based balance
exercise:
n=6/n=17

o Waitlist control:
n=4/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=34 adults with
Parkinson’s
disease

e Aquatic therapy
plus
multidisciplinary
intensive
rehabilitation
treatment: n=17

o Multidisciplinary
intensive
rehabilitation
treatment: n=17

Age in years

[Mean (SD)]:

e Aquatic therapy
plus
multidisciplinary
intensive
rehabilitation
treatment: 70.9
(5.7)

o Multidisciplinary
intensive
rehabilitation

Intervention

Minimum 15-minutes
daily (total estimated 7-
hours) for 4 weeks in
participant’s home.
Initial supervision by
physiotherapist and
then self-led.

Interactive tailored
home-based balance
exercise training
(Homebalance) with
audio and visual
feedback. The
programme consists of
two therapeutic games,
one focusing on
positioning and
directional control, and
a second focusing on
stability with cognitive
training.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Aquatic therapy plus
multidisciplinary
intensive rehabilitation
treatment

3x 60-minutes per week
of aquatic therapy on
alternate days and 3-4x
60-minute daily
sessions of physical
therapy for 5 days. 60-
minutes of physical
exercise on day 6.
Delivered in inpatient
neurorehabilitation ward
of a general hospital
with physiotherapist
specialised and
multidisciplinary team.

The aquatic therapy
programme involved
aerobic exercises and
physical activities to
assist with balance,
motor skills,
coordination and joint
mobility. Sessions
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Comparison

No further details
reported.

Multidisciplinary
intensive
rehabilitation
treatment

4x 60-minute daily
sessions of physical
therapy for 5 days.
60-minutes of
physical exercise on
day 6. Delivered in
inpatient
neurorehabilitation
ward of a general
hospital with
multidisciplinary
team.

Tailored land based
multidisciplinary
intensive
rehabilitation
treatment. Physical
therapy sessions
involved, stretching,
postural exercises,
aerobic exercises,

occupational therapy

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function
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Study

Paul 2019
RCT

UK

Population
treatment: 70.8
(5.3)

Sex (M/F):

o Aquatic therapy
plus
multidisciplinary
intensive
rehabilitation
treatment:
n=9/n=8

o Multidisciplinary
intensive
rehabilitation
treatment:
n=11/n=6

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=90 adults with
multiple sclerosis

e Web-based
individualised
physiotherapy
programme:
n=45

¢ Physiotherapy
exercise
information
sheet: n=45

Age in years

[Mean (SD)]:

e Web-based
individualised
physiotherapy
programme: 55.6
(10.2)

¢ Physiotherapy
exercise
information
sheet: 56.5 (9.1)

Sex (M/F):

e Web-based
individualised
physiotherapy
programme:
n=13/n=32

Intervention

consisted of 10-
minutes of warm-up,
30-45 minutes of central
session training (trunk
mobility exercises,
static and dynamic
exercises, and balance
training) and 5-minutes
of cooldown.
Complexity increased
weekly. Participants
additionally received
multidisciplinary
intensive rehabilitation
treatment (described in
control group).

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Hydrotherapy

Web-based
individualised
physiotherapy
programme

Number and frequency
of sessions tailored to
exercise diaries every 2
weeks for 6 months in
multiple sclerosis
outpatient centres with
physiotherapist.

Personalised exercise
programme via
www.webbasedphysio.c
om. Programmes
included disease-
specific and tailored
exercises, advice and
education relating to
cardiovascular,
strengthening, and
balance exercises,
along with warm-up,
cool-down, and
stretching exercises at
varying difficulty levels
and in video, text and
audio format. The
physiotherapist
remotely adjusted the
intervention after
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Comparison

and speech therapy.
The programme
could involve
robotic-assisted
walking training for
participants with gait
complexity (for
example, freezing) ,
virtual reality
training, or
consultations with
neuropsychologist.

Physiotherapy
exercise information
sheet

Setting was multiple
sclerosis outpatient
centre.

Participants were
provided with a
printed exercise
sheet, including
exercises similar to
those in the
intervention group.
Participants filled out
a paper-based
exercise diary.

Outcomes

e Gait and
balance

e Exercise
capacity
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review for stability, mobility and upper limb function FINAL (October 2025)



FINAL

Stability, mobility and upper limb function

Study

Pavlikova
2020

RCT

Czech
Republic
and ltaly

Population

¢ Physiotherapy
exercise
information
sheet: n=8/n=37

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=178 adults with
multiple sclerosis

e Balance specific

physiotherapy

o Sensory-motor
integration
training: n=79

o Motor
programme
activating
therapy: n=35

¢ Non-balance

specific

physiotherapy:

o Conventional
dynamic
strengthening
exercises:
n=40

o Vojta reflex
locomotion:
n=24

Age in years
[Mean (SD) not
reported] [Median
(IQR)1*:

e |talian cohort
(inpatient): 45.5
(14.5)

e |talian cohort
(outpatient): 48.9
(16.9)

e Czech cohort
(outpatient): 45.5
(19.0)

Sex (M/F):

e |talian cohort
(inpatient):
n=12/n=30

e |talian cohort
(outpatient):
n=21/n=36

Intervention
reviewing electronic
exercise diaries every
two weeks.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Individualised (tailored)
exercise programmes

Balance specific
physiotherapy
(Sensory-motor
integration training or
motor programme
activating therapy)

20 sessions across 20
consecutive days for
inpatients, and across 2
months for outpatients.

Interventions included
at least 25-minutes of
balance specific
treatment aimed to
improve position,
centre of mass, and
body segment
movement during static,
dynamic and
transitional tasks.
Sensory-motor
Integration Training
focused on motor skill
acquisition and balance
exercises conducted
under different sensory
contexts oriented to the
task execution.

Motor Programme
Activating Therapy
exercises were
conducted using a
many somatosensory
stimuli (mainly
proprioceptive) in
different functionally
centred initial postural
positions to foster
responses.

Protocol intervention
group: Rehabilitation
interventions to address
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Comparison

Non-balance specific
physiotherapy
(Conventional
dynamic
strengthening
exercises or Vojta
reflex locomotion)

20 sessions across
20 consecutive days
for inpatients, and
across 2 months for
outpatients.

Programmes aimed
to reduce functional
limitation with
specific balance
treatment restricted
to a maximum of 10-
minutes per session.
Conventional
dynamic
strengthening
exercises included
stretching, core
stability and light
strengthening
exercises.

Vojta reflex
locomotion
treatment focused
on activating global
locomotion patterns
by stimulating
specific zones, with
participants placed
in a precisely
determined initial
position.

Outcomes

e Gait and
balance
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Study Population

e Czech cohort
(outpatient):
n=18/n=39

Chronic
neurological

disorder category:

Progressive
neurological
diseases.

*Participant
characteristics
reported by study
site and not

intervention group

N=51 adults with
Parkinson’s
disease

o Virtual reality-
based
rehabilitation
programme:
n=25

e Conventiona
rehabilitation
programme:
n=26

Pazzaglia
2020

RCT

Italy

Age in years

[Mean (SD)]:

o Virtual reality-
based
rehabilitation
programme: 72
(7)

e Conventional
rehabilitation
programme: 70
(10)

Sex (M/F):

o Virtual reality-
based
rehabilitation
programme:
n=18/n=7

e Conventional
rehabilitation
programme:
n=17/n=9

Chronic
neurological

disorder category:

Progressive

Intervention

stability — Balance
exercises

Virtual reality-based
rehabilitation
programme

3x 40-minute sessions
per week for 6 weeks in
an outpatient setting.

Using immersive virtual
reality and motion
analysis equipment,
participants interacted
with a screen through
movement with 7
exercises and 4-minute
tasks followed by a 1-
minute break. Examples
of exercises include
touching and moving a
trumpet across a
screen, touching moles
appearing from the
ground, motor task
balancing and quickly
clearing leaves
appearing on screen.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Exergaming
and AR/VR
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Comparison Outcomes

Conventional e Gait and

rehabilitation balance

programme e Joint/limb/m
uscle

3x 40-minute function

sessions per week
for 6 weeks in an
outpatient setting.

Standard
rehabilitation
programme
comprised of: warm-
up (passive
movements and
muscular
strengthening of
lower limbs); active
phase (motor
coordination with
upper and lower
limbs, balance
training, start and
stop exercises and
walking training,
performed both
standing or seated);
and seated cool-
down (manipulation,
mobilisation and
respiratory
exercises).
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Study

Pelosin
2017

RCT

Italy

Picelli
2013

RCT

Italy

Population
neurological
diseases.

N=30 adults with
idiopathic
Parkinson’s
disease

¢ High-frequency

treadmill training:

n=10
¢ Intermediate-
frequency

treadmill training:

n=10
¢ Low-frequency

treadmill training:

n=10

Age in years
[Mean (SD)]:
¢ Low-frequency

treadmill training:

73.1 (6.8)

¢ Intermediate-
frequency

treadmill training:

73.7 (8.3)
¢ High-frequency

treadmill training:

69.9 (4.5)
Sex: Not reported

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=60 adults with
idiopathic
Parkinson’s
disease

¢ Robot-assisted
gait training:
n=20

e Treadmill
training: n=20

e Conventional
gait training:
n=20

Age in years

[Mean (SD)]:

¢ Robot-assisted
gait training:
68.50 (10.10)

Intervention

1. High-frequency
treadmill training
2. Intermediate-
frequency treadmill
training

5x (high-frequency) or
3x (intermediate-
frequency) 45-minute
sessions per week,
totalling 10 sessions, in
an outpatient clinic.

Initial treadmill speed to
90% of overground
comfortable walking
speed with increase of
5% every 2 sessions to
reach the target 115%
for the final 2 training
sessions.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Robot-assisted gait
training

3x 45-minute sessions
on alternating days per
week for 4 weeks in a

neurorehabilitation unit.

Participants trained in a
static suspension
system with two motor-
controlled footplates on
two bars creating
robotic assisted
propulsion. Each
session contained 3
parts with 5-minute
breaks in-between.

47

Comparison

Low-frequency
treadmill training

2x 45-minute
sessions per week,
totalling 10 sessions,
in an outpatient
clinic.

Initial treadmill
speed to 90% of
overground
comfortable walking
speed with increase
of 5% every 2
sessions to reach
the target 115% for
the final 2 training
sessions.

1. Treadmill training

2. Conventional gait
training

3x 45-minute
(treadmill) or 30-
minute
(conventional)
sessions on
alternating days per
week for 4 weeks in
a neurorehabilitation
unit with practitioner
not reported
(treadmill) or
unspecified therapist
(conventional).

Outcomes

e Gait and
balance

e Gait and
balance

e Exercise
capacity
e Functioning
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Piira
2019a

RCT

Norway

Population

e Treadmill
training: 68.80
(7.72)

¢ Conventional
gait training:
67.55 (7.08)

Sex (M/F):

¢ Robot-assisted
gait training:
n=9/n=11

e Treadmill
training:
n=6/n=14

¢ Conventional
gait training:
n=8/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=24 adults with

motor incomplete

spinal cord injury

¢ Robot-assisted
locomotor
training
(Lokomat): n=12

e Usual care: n=12

Age in years

[Mean (SD)]*:

¢ Robot-assisted
locomotor
training
(Lokomat): 55 (8)

e Usual care: 46
(15)

Sex (M/F):

e Robot-assisted
locomotor
training
(Lokomat):
n=4/n=3

e Usual care:
n=5/n=7

Intervention
Participants were
initially trained at 20%
of bodyweight
supported with speed of
1 km/h for 10-minutes.
This gradually changed
to 0% of bodyweight
supported and 2.0 km/h
for 10-minutes.
Sessions occurred
during “ON” medication
phase.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Robot-assisted
locomotor training
(Lokomat)

3x per week over 6
months in an outpatient
clinic with therapist.

Sessions involved 20-
30-minutes of
preparation, 20-60
minutes of treadmill
training with bodyweight
support (less than 40%
of initial bodyweight)
and if time, a few
minutes of overground
walking with or without
exercises on the
treadmill. Feet and hips
were placed in
motorised braces (lining
with the treadmill
speed) and ongoing
feedback was provided.
Body-weight support
was gradually reduced
and adjusted guidance
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Comparison

Treadmill training
without bodyweight
support comprised 3
parts and 5-minute
breaks in-between.
Conventional gait
training was based
on the
proprioceptive
neuromuscular
facilitation concept
focusing on pelvic
control and
movement for
regulating gait.
Sessions involved
10-minutes each of
rhythmic initiation,
slow reversal and
agonistic reversal
pelvic exercises.
Participants started
at 1 km/h for 10-
minutes, increased
to 1.5 km/h for 10-
minutes and then
2.0 km/h for 10-
minutes. Sessions
occurred during
“ON” medication
phase.

Usual care

1-5x per week for 6
months in an
outpatient clinic with
local physical
therapist.

Low intensity usual
care and participants
wrote daily activities
and training in a
diary which was
handed in once a
month. Received
regular follow-up
phone calls to assist
with compliance.

Outcomes

e Gait and
balance

e Exercise
capacity

e Limb/joint/m
uscle
function
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Study Population

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=7 for robot-
assisted locomotor
training (Lokomat)
and n=12 for usual
care)
N=20 adults with
motor incomplete
spinal cord injury
¢ Bodyweight
supported
locomotor
training: n=10
e Usual care: n=10

Piira
2019b

RCT

Norway

Age in years

[Mean (SD)]:

o Bodyweight
supported
locomotor
training: 46 (14)

e Usual care: 54
(13)

Sex (M/F):

o Bodyweight
supported
locomotor
training: n=6/n=4

o Usual care:
n=9/n=1

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

Intervention

force and walking
speed increased.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Bodyweight supported
locomotor training

2x 90-minute sessions,
5 days per week within
3 periods, each of 4
weeks, totalling 12
weeks. Delivered in an
inpatient rehabilitation
centre and home
exercises with 3-5
practitioners.

Participants used a
treadmill with
bodyweight support
system. Training
session length was
based on individual
endurance, correct
lower limb movement
and walking rhythm.
Bodyweight support
was aimed to be
reduced to less than
40% with or without
greater walking speed
of 2-4 km/h. Mirror
visual feedback aided
pelvic and leg
movement. Before and
after each session, soft-
tissue mobilisation and
stretching was
undertaken.
Participants were
provided with home
exercises between
sessions.
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Comparison Outcomes
Usual care e Gait and
balance
Varied number of e Exercise
sessions with capacity

physical therapist in
inpatient
rehabilitation centre.

uscle
function

Usual care from
local physical
therapist ranging in
frequency and
intensity (for some
this only involved
passive movement
of joints while for
over 50% there was
some overground
gait training and
independent gym
training).
Participants wrote
daily activity and
training diaries,
submitted monthly.
They received
regular follow-up
phone calls to aid
compliance.
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Study

Pollet
2023

RCT

Italy

Pompa
2017

RCT

Italy

Population

N=42 adults with
idiopathic
Parkinson’s
disease

e Custom-made
shoe insole plus
standard
rehabilitation:
n=21

e Sham flat insole
plus standard
rehabilitation:
n=21

Age in years

[Mean (SD)]:

e Custom-made
shoe insole plus
standard
rehabilitation:
72.0 (7.05)

e Sham flat insole
plus standard
rehabilitation:
72.0 (5.02)

Sex (M/F):

e Custom-made
shoe insole plus
standard
rehabilitation:
n=15/n=6

e Sham flat insole
plus standard
rehabilitation:
n=14/n=7

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=50 adults with

multiple sclerosis
Robot-assisted
gait training plus
standard
rehabilitation
programme:
n=25

e Conventional
gait training plus

Intervention

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training
Custom-made shoe
insole plus standard
rehabilitation

Wearing soles for a
minimum 6-hours per
day for 10 weeks at
home and during daily
activities.
Rehabilitations sessions
were 2x 90-minutes per
week.

Both groups received
rehabilitation with each
session consisting of
60-minutes of
physiotherapy and 30-
minutes of occupational
therapy. At the end of
this period, participants
were assigned home-
based exercises.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Lower limb
wearables, electrical
stimulation and lower-
body robotics.

Robot-assisted gait
training plus standard
rehabilitation
programme

3x 40-minute sessions
per week for gait
training and minimum 2
hours per day for
standard rehabilitation.

50

Comparison

Sham flat insole plus
standard
rehabilitation

Wearing soles for a
minimum 6-hours
per day for 10 weeks
at home and during
daily activities.
Rehabilitations
sessions were 2x
90-minutes per week
for 20 sessions.

Both groups
received
rehabilitation with
each session
consisting of 60-
minutes of
physiotherapy and
30-minutes of
occupational
therapy. At the end
of this period,
participants were
assigned home-
based exercises.

Conventional gait
training plus
standard
rehabilitation
programme

3x 40-minute
sessions per week
for gait training and
minimum 2 hours

Outcomes

e Gait and
balance

e Gait and
balance

e Exercise
capacity

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Prosperini
2013

Crossover
RCT

Italy

Population
standard
rehabilitation
programme:
n=25

Age in years

[Mean (SD)]:

¢ Robot-assisted
gait training plus
standard
rehabilitation
programme:
47.00 (11.17)

e Conventional
gait training plus
standard
rehabilitation
programme:
49.86 (8.21)

Sex (M/F):

¢ Robot-assisted
gait training plus
standard
rehabilitation
programme:
n=11/n=10

e Conventional
gait training plus
standard
rehabilitation
programme:
n=10/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=36 adults with
relapsing-remitting
or secondary
progressive
multiple sclerosis

o Exergame-based
balance training
(Nintendo Wii):
n=18

¢ No intervention:
n=18

Age in years

[Mean (SD)]:

e Exergame-based
balance training
(Wii): 35.3 (8.6)

Intervention

Over 4 weeks in an
inpatient setting with 2
physiotherapists (gait
training)
multidisciplinary team
(standard
rehabilitation).

Robot-assisted gait
training sessions using
harness support with
feet placed on
motorised foot-plates
and movements guided
by trainer, totalling 20-
minutes of walking time.
Initial sessions had 40-
50% of bodyweight
support and decreased
quickly in remaining
sessions due to the
disability severity.
Speed was usually 1.3-
1.8 km/h.

Participants also
received standard
rehabilitation as
described in the control
arm.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Exergame-based
balance training
(Nintendo Wii)

5x 30-minute sessions
per week for 12 weeks
at home with first
sessions supervised by
physiotherapist and
thereafter self-led.

Participants used the
Nintendo Wii Balance
Board® balance board
and played games from
a pre-specified list. The
balance board used

51

Comparison

per day for standard
rehabilitation. Over 4
weeks in an
inpatient setting with
2 physiotherapists
(gait training)
multidisciplinary
team (standard
rehabilitation).

Conventional gait
training sessions
included static
exercises (for
example, balance
and coordination
exercises) and
ground walking
(which gradually
increased in
difficulty). Standard
rehabilitation
programme
consisted of physical
therapy (active and
passive motion
exercises,
strengthening
exercises, hand
function, transfer
and balance
training) plus
occupational,
cognitive, respiratory
or phoniatric therapy
as needed.

No intervention

No intervention
received during the
first 12 weeks by
participants in the
comparator arm
(second cross-over
period where they
received the
intervention is not
considered in this
review).

Outcomes

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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¢ No intervention:
37.1(8.8)

Sex (M/F):

o Exergame-based
balance training
(Nintendo Wii):
n=5/n=13

¢ No intervention:
n=6/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=20 adults with
Parkinson’s
disease

o Virtual reality-
based treadmill
training (C-Mill):
n=10

e Conventional
gait training:
n=10

Pullia
2023

RCT

Italy

Age in years

[Mean (SD)]:

o Virtual reality-
based treadmill
training (C-Mill):
64.5 (10.84)

e Conventional
gait training: 65.
5(10.36)

Sex (M/F):

o Virtual reality-
based treadmill
training (C-Mill):
n=9/n=1

e Conventional
gait training:
n=4/n=6

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

Intervention

centre of balance and
links to an avatar on the
screen. Each game
started at the lowest
level of difficulty and
when users reach a
certain score the
programme
automatically starts a
new level. If this
progress was not
achieved, participants
played each game for a
maximum of ten
minutes.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Virtual reality-based
treadmill training (C-
Mill)

4x 45-minute sessions
per week over 5 weeks
in a neurorehabilitation
laboratory with
physiotherapists.

Participants trained with
a C-Mill treadmill which
had semi-immersive
virtual reality. The
treadmill contained
bodyweight sensors,
harness with safety
rope, handrail and a
projector for audio-
visual stimuli. Sessions
involved gait with
projection of virtual
obstacles, traffic cones
or country paths and
accompanying audio-
visual stimuli,
differential walking
speeds and changes in
lateral direction, based
on virtual exercises
projected on a screen
ahead.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

52

Comparison Outcomes
Conventional gait e Gait and
training balance
e Exercise
4x 45-minute capacity

sessions per week
over 5 weeks in a

uscle
rehabilitation gym function
with e Functioning
physiotherapists.

Conventional motor
rehabilitation
programme with
provision of weight-
shifting exercises,
monoprodalic and
bipodal balance
exercises, and gait
training by the use of
obstacles, tandem,
and slalom walking
with a variety of
audio-visual cues.
Manual guidance by
physiotherapists
lowered the risk of
falls.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study
Raciti
2022
RCT

Italy

Renfrew
2019

RCT

UK

Population

N=30 adults with
idiopathic
Parkinson’s
disease

e Upper limb
robotic therapy:
n=15

e Conventional
physical therapy:
n=15

Age in years

[Mean (SD)]*:

o Upper limb
robotic therapy:
65.7 (7)

e Conventional
physical therapy:
62.7 (10.1)

Sex: Not reported

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=15 for upper
limb robotic
therapy and n=9
for conventional
physical therapy)

N=85 adults with

multiple sclerosis

and persistent

foot-drop

e Functional
electrical
stimulation: n=42

¢ Ankle-foot
orthosis: n=43

Age in years

[Mean (SD)]*:

e Functional
electrical

Intervention

Upper limb robotic
therapy

6x 45-minute sessions
per week for 8 weeks in
an outpatient movement
disorders clinic with a
physiotherapist.

Participants wore the
Armeo®Spring
mechanical device with
an adaptable
suspension system for
the upper limb,
supporting from the
shoulder to the wrist
and ending with a
grasping system for the
hand. Its sensitivity was
adjusted based on the
participant’s condition.
The system calibrated
the working space and
difficulty level according
to the participant's
active mobility and
enhanced movements
with visual feedback. A
qualified physiotherapist
adjusted the device,
selected the workspace
and exercises, and
modified exercise
difficulties.

Protocol intervention
group: Rehabilitation
interventions to address
upper limb functioning —
Robotics and repetitive
task training

Functional electrical
stimulation

12 months with
physiotherapist.

Odstock Dropped Foot
Stimulator Pace was
fitted, applying a wired
heel switch and a 40 Hz
stimulation frequency.
Electrode position,
pulse width, waveform
and ramping
parameters were

53

Comparison

Conventional
physical therapy

6x 45-minute
sessions per week
for 8 weeks in an
outpatient

movement disorders

clinic with a
physiotherapist.

Participants
underwent
conventional
rehabilitation,
including passive
and active-assisted
mobilisation of the
upper limbs,
traditional
neuromuscular
facilitation training,
proprioception
exercises, stiffness
reduction for joints
and muscles, and
active exercises
involving reaching

and picking objects.

Ankle-foot orthosis

12 months with
orthotist.

Custom made, solid

ankle-foot orthosis,
made with 5 mm
homopolymer
polypropylene and
following guideline
for ankle-foot
orthoses after
stroke. Participants
were instructed in

Outcomes
e Limb/joint/m

uscle
function

e Functioning

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Study Population

stimulation: 50.4
(10.4)

e Ankle-foot
orthosis: 51.4
(11.2)

Sex (M/F):

e Functional
electrical
stimulation:
n=8/n=33

¢ Ankle-foot
orthosis:
n=20/n=18

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=41 for
functional electrical
stimulation and
n=38 for ankle-foot
orthosis)

N=56 adults with
multiple sclerosis

e Exergame-based
balance training
(Nintendo Wii):
n=20

o Traditional
balance training:
n=18

¢ No intervention:
n=18

Robinson
2015

RCT

UK

Age in years

[Mean (SD)]*:

e Exergame-based
balance training
(Nintendo
Wii): 52.6 (6.1)

o Traditional
balance training:
53.9 (6.5)

¢ No intervention:
51.9 (4.7)

Intervention
adjusted for each
participant for optimal
muscle contraction.
Participants were
instructed in gradually
increase usage over
initial 6 weeks.

Protocol intervention
group: Rehabilitation

interventions to address

mobility — Lower limb
wearables, electrical
stimulation and lower-
body robotics

1. Traditional balance
training

2x 40-60-minute
sessions per week for 4
weeks in an outpatient
setting with
physiotherapist.

The traditional balance
training was designed
to be comparable to the
exergame-based
balance programme. All
exercises were
undertaken in standing
position

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

54

Comparison

gradually increase
usage over initial 6
weeks.

No intervention

No further details
reported.

Outcomes

e Gait and
balance

e Functioning

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Sex (M/F):

o Exergame-based
balance training
(Nintendo Wii):
n=6/n=14

o Traditional
balance training:
n=7/n=12

¢ No intervention:
n=5/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics
reported for
different allocation
of participants
(n=20 for
exergame-based
balance training
(Nintendo Wii), n-
19 for traditional
balance training,
and n=17 for no
intervention)

N=29 adults with
Parkinson’s
disease

e Personalised
intensive
physiotherapy
programme:
n=16

e Conventional
physiotherapy
programme:
n=13

Schaible
2021

RCT

Germany

Age in years

[Mean (SD)]:

e Personalised
intensive
physiotherapy
programme:
66.20 (8.65)

e Conventional
physiotherapy
programme:
65.50 (8.21)

Intervention

2. Exergame-based
balance training
(Nintendo Wii)

2 x 40-60-minute
sessions per week for 4
weeks in an outpatient
setting with
physiotherapist.

Sessions were one-on-
one and comprised of
Nintendo Wii Fit®
system games. These
focus on balance,
aerobic activity, and
muscle strength. All
games were undertaken
in the standing position.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Personalised intensive
physiotherapy
programme

4x 60-minute sessions
per week for 4 weeks in
a university hospital
with a physiotherapist
and home-based
practice.

Individual sessions with
personalised
programme, including
exercises such as
complex motor
sequences, stretching,
dual tasks, core
stability, and mental
imagery. Training
progressively increased
in difficulty and take
home worksheets were
provided with
encouragement of

55

Comparison

Conventional
physiotherapy
programme

2x 60-minute
sessions per week
for 8 weeks in an
office-based practice
with a
physiotherapist.

No specific
exercises,
repetitions, or
resistance levels
were prescribed,
reflecting the
standard
physiotherapy
treatment for
Parkinson’s disease
in such settings.

Outcomes

e Exercise
capacity

e Limb/joint/m
uscle
function

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Sex (M/F):

e Personalised
intensive
physiotherapy
programme:
n=6/n=9

e Conventional
physiotherapy
programme:
n=10/n=2

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=40 adults with
idiopathic
Parkinson’s
disease

e Resistance
training balance
exercises: n=20

e Conventional

balance training:
n=20

Schlenste
dt 2015

RCT

Germany

Age in years

[Mean (SD)]*:

¢ Resistance
training balance
exercises: 75.7
(5.5)

e Conventional
balance training:
75.7 (7.2)

Sex (M/F):

e Resistance
training balance
exercises: n=12/
n=5

e Conventional
balance training:
n=9/n=6

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

Intervention

home practice for 4-6
hours per week. All
participants were
instructed to avoid
additional activities.
Sessions aimed for 60-
80% maximal effort.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Individualised (tailored)
exercise programmes

Resistance training
balance exercises

2x 60-minute group
based (4-5 participants)
sessions per week for 7
weeks with sport
scientist.

Each session consisted
of 10-minutes warm-up
and 50-minutes of
training. Training was
focused on improving
lower limb muscle
strength. Participants
completed 3 sets of 15-
20 repetitions for each
exercise or until failure.
Resistance was
increased if participants
were able to complete
the repetitions without
failure. Resistance was
provided using small
weights or bodyweight.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

56

Comparison

Conventional
balance training

2x 60-minute group
based (4-5
participants)
sessions per week
for 7 weeks with
sport scientist.

Each session
consisted of 10-
minutes warm-up
and 50-minutes of
training. Training
comprised stance
and gait tasks
requiring
feedforward and
feedback postural

control. Progression

was achieved by
reducing or
manipulating the

sensory information

needed to maintain
balance and by

adding movement to

make the activity

more dynamic. Each

exercise lasted for

45 seconds and was

repeated 3 times.

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function
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Solaro
2020

RCT

Italy

Song 2018
RCT

Australia

Population

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=17 for
resistance training
balance exercises
and n=20 for
conventional
balance training)

N=41 adults with
multiple sclerosis

e Robot-based
haptic training:
n=20

e Sensorimotor
training: n=21

Age in years

[Mean (SD)]:

¢ Robot-based
haptic training:
53 (10)

e Sensorimotor
training: 46 (10)

Sex (M/F):

e Robot-based
haptic training:
n=8/n=12

e Sensorimotor
training:
n=9/n=12

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=60 adults with
idiopathic
Parkinson’s
disease

o Exergame-based
step training:
n=31

e Usual care: n=29

Age in years

[Mean (SD)]:

o Exergame-based
step training: 68
(7)

Intervention

Robot-based haptic
training

2x 40-minute sessions
per week for 4 weeks in
a neurology unit with a
neurologist.

The Haptic group's task
was similar to the
Sensorimotor group's
but involved moving a
virtual point mass
connected to their hand
by a linear spring.
Subjects moved the
point mass to the target
area as quickly as
possible. Difficulty could
be adjusted. A
performance score was
displayed after each
movement.

Protocol intervention
group: Rehabilitation
interventions to address
upper limb functioning —
Robotics and repetitive
task training

Exergame-based step
training

3x sessions for a
minimum 15-minutes
per week for 12 weeks
at home with
physiotherapist (first 2
sessions).

Exergame (Dance
Dance Revolution
"Stepmania") where
participants needed to

57

Comparison

Sensorimotor
training

2x 40-minute
sessions per week
for 4 weeks in a
neurology unit with a
neurologist.

Participants
performed fast and
accurate reaching
movements toward
targets with their
most affect hand.
The task was
successfully
completed when the
virtual mass
remained on the
target for at least
150 ms. If a subject
couldn't reach the
target within 7
seconds, the robot
completed the
movement. A
performance score
was displayed at the
end of each
movement.

Usual care

12 weeks in the
community setting.

No intervention was
received by
participants and they
were asked to
continue usual
healthcare.

Outcomes

e Limb/joint/m
uscle
function

e Gait and
balance
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e Usual care: 65

(7)

Sex (M/F):

o Exergame-based
step training:
n=15/n=16

e Usual care:
n=9/n=20

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

Steib 2017 N=43 adults with
idiopathic
Parkinson’s
disease

e Perturbation
treadmill training:
n=21

¢ Conventional
treadmill training:
n=22

RCT

Germany

Age in years

[Mean (SD)]*:

e Perturbation
treadmill training:
67.6 (8.2)

e Conventional
treadmill training:
62.5 (7.9)

Sex (M/F):
e Perturbation

treadmill training:
n=11/n=7

Intervention

match direction and
timing of arrows
appearing on their
television screen with
customised step mat
with arrows. Three
types of randomly
shown targets also
appeared during the
game to increase
cognitive load. Each
game lasted 2-3
minutes, and there were
4 levels of difficulty.
Difficulty progressed
through the sessions
and physiotherapists
visited after 6 weeks to
check progress.
Participants were every
2 weeks to check-in.
Participants recorded
exercise and adverse
events in a log book.
Participants had to be in
the "ON” phase of
medication.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training
Perturbation treadmill
training

2x 40-minute session
per week for 8 weeks
with physiotherapist in
movement disorder unit.

A standard medical
treadmill with handrails
was mounted on a
tiltable platform with 3
pneumatic actuators,
inducing small, audible,
three-dimensional tilting
movements to perturb
balance during walking.
Participants were
secured with a safety
harness and minimal
handrail support was
encouraged. Treadmill
speed was individually
adjusted. Instructions
and feedback from
therapists were limited
to step length, heel

58

Comparison

Conventional
treadmill training

2x 40-minute
session per week for
8 weeks with
physiotherapist in
movement disorder
unit.

Thirty-minutes of
treadmill training
with 5-minutes each
of warm up and
cooldown.

Participants in the
control group walked
on the same
treadmill device but
without
perturbations.

Outcomes

e Gait and
balance

e Exercise
capacity
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Straudi
2013

RCT

Italy

Population

¢ Conventional
treadmill training:
n=16/n=4

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=18 for
perturbation
treadmill training
and n=20 for
conventional
treadmill training)

N=18 adults with
multiple sclerosis

¢ Robot-assisted
gait training
(Lokomat): n=9

¢ Conventional
physiotherapy:
n=9

Age in years

[Mean (SD)]*:

¢ Robot-assisted
gait training
(Lokomat): 49.6
(12.0)

¢ Conventional
physiotherapy:
61.0 (8.8)

Sex (M/F):

¢ Robot-assisted
gait training
(Lokomat):
n=4/n=4

e Conventional
physiotherapy:
n=1/n=7

Chronic
neurological
disorder category:
Progressive

Intervention

strike, arm swing, and
posture. One of these 4
instructions was given
every 10-minutes, with
a maximum of 3
instructions. Sessions
included 5-minutes
each of warm-up and
cool-down (non-
perturbated treadmill
walking).

Protocol intervention
group: Rehabilitation
interventions to address
stability — Perturbation
training

Robot-assisted gait
training (Lokomat)

2x 60-minute sessions
per week for 6 weeks.

Treadmill walking with
assistance of Lokomat
robotic-driven gait
orthosis and harness for
bodyweight support.
Knee and hip torque
was adjusted from 100-
0% for one or both legs.
Half of the session time
was used as walking
time. Treadmill speed
ranged from 0-3 km/h
and bodyweight support
ranged from 0-100%.
Speed and bodyweight
support was adjusted
based on individual
performance.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

59

Comparison

Conventional
physiotherapy

2x 60-minute
sessions per week
for 6 weeks.

Initial 10-15 minutes
of therapy for lower-
limb and core
stretching exercises
and then lower-limb
muscle
strengthening
exercises adjusted
according to
individual. Gait,
coordination and
balance exercises
were optional during
sessions.

Outcomes

e Gait and
balance

e Exercise
capacity
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Straudi
2016

RCT

Italy

Straudi
2020

RCT

Italy

Population

neurological
diseases.

*Participant

characteristics only

reported for
participants
analysed rather
than randomised
(n=8 for each arm)

N=58 adults with
primary or
secondary
progressive
multiple sclerosis

¢ Robot-assisted
gait training
(Lokomat): n=30

¢ Conventional
walking therapy:
n=28

Age in years

[Mean (SD)]:

¢ Robot-assisted
gait training
(Lokomat): 52.26
(11.11)

¢ Conventional
walking therapy:
54.12 (11.44)

Sex (M/F):

¢ Robot-assisted
gait training
(Lokomat):
n=10/n=17

e Conventional
walking therapy:
n=8/n=17

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=72 adults with
primary or
secondary
progressive
multiple sclerosis

¢ Robot-assisted
gait training
(Lokomat) plus
stretching and

Intervention

Robot-assisted gait
training (Lokomat)

2x 60-minute sessions
per week for 6 weeks.

Participants walked on
a treadmill with
assistance of Lokomat
robotic-driven gait
orthosis and wore a
harness for bodyweight
support. Half of the
session time was used
as walking time. Knee
and hip torque was
adjusted from 100-0%
for one or both legs (Set
to 100% for first
sessions). Treadmill
speed ranged from 0-3
km/h and bodyweight
support ranged from O-
100%. Body-weight
support was initially set
to 50%. Speed and
bodyweight support was
adjusted by 10% at
each session based on
individual performance.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Robot-assisted gait
training (Lokomat) plus
stretching and
strengthening exercises

60-minutes each of
robot-assisted gait
training and stretching
and strengthening

60

Comparison

Conventional
walking therapy

2x 60-minute
sessions per week
for 6 weeks.

Participants
underwent
conventional walking
therapy with the
initial 10-15 minutes
focused on lower
limb and core
stretching and then
lower limb muscle
stretching for 10
minutes, followed by
motor coordination
and gait and balance
exercises for 30-
minutes with
adjustment to the
individual's baseline.

Overground walking
therapy plus
stretching and
strengthening
exercises

60-minute each of
overground walking
and stretching and

Outcomes

e Gait and
balance

e Exercise
capacity

e Gait and
balance

e Exercise
capacity

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Szefler-
Derela
2020

RCT

Poland

Population

strengthening
exercises: n=36

e Overground
walking therapy
plus stretching
and
strengthening
exercises: n=36

Age in years

[Mean (SD)]:

¢ Robot-assisted
gait training
(Lokomat) plus
stretching and
strengthening
exercises: 56
(11)

e Overground
walking therapy
plus stretching
and
strengthening
exercises: 55

(11)

Sex (M/F):

¢ Robot-assisted
gait training
(Lokomat) plus
stretching and
strengthening
exercises:
n=12/n=24

e Overground
walking therapy
plus stretching
and
strengthening
exercises:
n=11/n=25

Chronic
neurological

disorder category:

Progressive
neurological
diseases.

N=40 adults with

idiopathic

Parkinson’s

disease

¢ Nordic walking
training: n=20

e Standard
rehabilitation:
n=20

Intervention

exercises over 12
sessions for 4 weeks.

Treadmill walking with
assistance of Lokomat
robotic-driven gait
orthosis and harness for
bodyweight support.
The session ran for 40-
minutes including set up
and familiarisation with
about 30-minutes of
real walking time. Knee
and hip torque was
adjusted from 100 to
0% for one or both legs
(100% for first
sessions). Treadmill
speed ranged from 0- 3
km/h and bodyweight
support ranged from 0
to 100% (initially 50%).
Speed and bodyweight
support was adjusted
by 10% at each session
based on performance.
Afterwards, common to
both arms, participants
underwent lower limb
and core stretching
exercises as well as
lower limbs
strengthening
exercises.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Nordic walking training

2x 90-minute sessions
for 6 weeks with trained
physiotherapist in a
park.

Each Nordic Walking
session involved 5-10

61

Comparison
strengthening
exercises over 12
sessions for 4 weeks
with physiotherapist
and delivery setting
indoors.

One-on-one
physiotherapy
sessions including
overground walking
for about 40-
minutes and 10-
minutes of warm up
and cool-down.
Participants walked
along an 80-metre
corridor with no
incline with usual
walking aid. Rest
pauses were
allowed and gait
speed was based on
individual tolerance.
Afterwards
participants
underwent exercises
common to both
arms as described in
the intervention arm.

Standard
rehabilitation

2x 45-minute
sessions for 6 weeks
with physiotherapist
in an indoors
rehabilitation facility.

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Szymura
2020

RCT

Poland

Population

Age in years

[Mean (SD) not

reported] [Median

(range)]:

¢ Nordic walking
training: 62.5
(50-75)

e Standard
rehabilitation:
65.5 (54-75)

Sex (M/F):

¢ Nordic walking
training:
n=10/n=10

e Standard
rehabilitation:
n=10/n=10

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=29 adults with
idiopathic
Parkinson’s
disease

¢ Moderate-
intensity balance
exercises: n=16

o Waitlist control:
n=13

Age in years

[Mean (SD)]:

o Moderate-
intensity balance
exercises: 66.00
(2.59)

o Waitlist control:
65.23 (7.40)

Sex (M/F):

e Moderate-
intensity balance
exercises:
n=11/n=5

o Waitlist control:
n=8/n=5

Chronic
neurological
disorder category:

Intervention

minutes of warm-up,
Nordic walking training
for 60-minutes which
involved training to
increase walking
intensity and distance,
and then cool-down
with stretching for 5-10
minutes.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Moderate-intensity
balance exercises

3x 60-minute sessions
per week for 12 weeks
with physiotherapist.

Sessions were
comprised 5-minutes
warm-up, 50-minutes of
balance training, and 5-
minutes cool down. In
order to allow
adaptation, sessions
only lasted for 30-
minutes in the first week
(with training was
limited to 20-minutes).

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

62

Comparison

Sessions involved
personalised,
standard, general
exercises for fine
and gross motor
skills in addition to
active exercises to
increase muscle
strength, flexibility,
balance, gait and
transfers.

Waitlist control
12 weeks.

Participants with
Parkinson’s disease
that did not receive
any intervention
during the 12 week
intervention period,

but were able to take

part in the balance

programme after this

period.

Outcomes

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Taylor
2014

Crossover
RCT

UK

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence

Population
Progressive
neurological
diseases.

N=25 adults with
secondary
progressive
multiple sclerosis
and one dropped
foot

e Functional
electrical
stimulation: n=11

o Core stability
physiotherapy
programme:
n=14

Age in years

[Mean (SD)]*:

e Functional
electrical
stimulation: 54.6
(9.4)

o Core stability
physiotherapy
programme: 56.9
(7.8)

Sex (M/F):

e Functional
electrical
stimulation:
n=4/n=8

o Core stability
physiotherapy
programme: n=4/
n=10

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics
reported for
participants
enrolled prior to
randomisation
(n=12 for
functional electrical
stimulation and
n=14 for core
stability

Intervention

Functional electrical
stimulation

12 weeks, in clinic and
at home.

Participants received
common peroneal
stimulation via self-
adhesive skin
electrodes, focusing on
dropped foot correction
for initial 6 weeks.
Gluteal stimulation was
added in the last 6
weeks of the
intervention period,
focusing on hip
extension. Current was
applied between 20-100
mA, pulse width 200
microseconds,
frequency 40 Hz.

Protocol intervention
group: Interventions for
mobility — Lower limb
wearables, electrical
stimulation and lower-
body robotics

63

Comparison

Core stability
physiotherapy
programme

12 weeks, in clinic
and at home.

Participants received
6 in-clinic core
physiotherapy
sessions,
progressing in
difficulty. After this,
the exercises were
continued at home
(and difficulty was
not progressed
during this period).
No further details
reported.

review for stability, mobility and upper limb function FINAL (October 2025)
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Study Population
physiotherapy

programme).

N=64 adults with
idiopathic
Parkinson’s
disease

e Functional
electrical
stimulation plus
standard care:
n=32

e Standard care:
n=32

Taylor
2021

RCT

UK

Age in years

[Mean (SD)]:

e Functional
electrical
stimulation plus
standard care:
69.3 (8.7)

e Standard care:
71.3 (7.8)

Sex (M/F):

e Functional
electrical
stimulation plus
standard care:
n=23/n=9

e Standard care:
n=23/n=9

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=64 adults with

Parkinson’s

disease

e Sensorimotor
and visuomotor
agility training:
n=35

e Usual care: n=29

Tollar
2018

RCT

Hungary

Age in years

[Mean (SD)]*:

e Sensorimotor
and visuomotor
agility training:
67.3 (3.4)

Intervention

Functional electrical
stimulation plus
standard care

18 weeks with initial
visit in a clinic with
physiotherapist or
clinical scientist then
home-based.

Participants had a foot
stimulator fitted in the
clinic (to the leg the
treating clinician
identified as having the
greatest deficit in
dorsiflexion and
eversion) and were
shown how to fit it
themselves in their own
home. Participants did

not receive guidance on

how often to wear the
foot stimulator. Both
groups received
standard care
consisting of
medication, attendance
at medical clinics,
exercise classes or
visits from specialist
nurses.

Protocol intervention
group: Rehabilitation

interventions to address

mobility — Lower limb
wearables, electrical
stimulation and lower-
body robotics

Sensorimotor and
visuomotor agility
training

5x 60-minute small
group sessions per
week for 3 weeks with
physiotherapist at the

gym.

The intervention
targeted postural
instability and mobility
deficits with a high-
intensity, high-
frequency sensorimotor

64

Comparison

Standard care

18 weeks with
specialist nurses.

Both groups
received standard
care consisting of
medication,
attendance at
medical clinics,
exercise classes or
visits from specialist
nurses.

Usual care

3 weeks in the
community setting.

The control group
continued their usual
activities without
exercise therapy and
took prescribed
medications.

Outcomes

e Gait and
balance

e Limb/joint/m
uscle
function

e Gait and

balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Tollar
2019

RCT

Hungary

Population

e Usual care: 67.6
(4.1)

Sex (M/F):

e Sensorimotor
and visuomotor
agility training:
n=17/n=18

e Usual care:
n=12/n=8

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=35 for
sensorimotor and
visuomotor agility
training and n=20
for usual care).

N=49 adults with
Parkinson’s
disease

e Exergame-based
rehabilitation
programme:
n=25

e Waitlist control:
n=24

Age in years

[Mean (SD)]:

o Exergame-based
rehabilitation
programme: 70.0
(4.69)

o Waitlist control:
67.5 (4.28)

Sex: Not reported

Chronic
neurological
disorder category:

Intervention

and visuomotor agility
training program.
Sessions involved: 10-
minute warm-up (spinal
mobilisation and
stabilization and
coordination exercises);
20-minute agility
training (sensorimotor
and visuomotor
exercises focused on
gait, coordination,
posture, and balance);
20-minute Xbox virtual
reality exergames
(focusing on movement
accuracy and reaction
to visual and auditory
cues); and 10-minute
cooldown. The Xbox
exergames provided
feedback and adjusted
difficulty. Participants
kept logs of symptoms,
and attendance was
monitored daily.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Sensorimotor
exercises

Exergame-based
rehabilitation
programme

5x 60-minute group (4-8
participants) sessions
per week for 5 weeks in
a hospital outpatient
gym with physical
therapists.

The intervention used
three visual feedback
modules of Xbox 360
for 15-minutes per
module. These were
Reflex Ridge (stimuli
response); Space Pop
(limb and whole-body
movement) and Just
Dance, (movement
sequences). The
intervention aimed to
improve postural
control, gait mobility,

65

Comparison

Waitlist control
5 weeks.

Continued normal
activity with offer for
enrolment into
supervised exercise
after the study.
Participants were
asked to not change
their diet, medication
or exercise routines
during the study
period.

Outcomes

e Gait and
balance

e Exercise
capacity

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study Population
Progressive
neurological

diseases.

N=40 adults with
multiple sclerosis

¢ Balance training
programme:
n=14

o Exergame-based
rehabilitation
programme:
n=14

o Waitlist control:
n=12

Tollar
2020

RCT

Hungary

Age in years

[Mean (SD)]:

¢ Balance training
programme: 46.9
(6.6)

o Exergame-based
rehabilitation
programme: 48.2
(5.8)

o Waitlist control:
44 .4 (6.76)

Sex (M/F):

¢ Balance training
programme:
n=2/n=12

o Exergame-based
rehabilitation
programme:
n=2/n=12

o Waitlist control:
n=1/n=11

Chronic
neurological

Intervention

gait stability, turning,
and dynamic and static.
The intervention ran for
45-minutes with 5-
minute each warm-up
and cool down and 5-
minutes of rest
incorporated into
sessions. Sessions
occurred during “ON”
medication phase.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Exergaming
and AR/VR

1. Balance training
programme

5x 60-minute group (4-8
participant) sessions
per week for 5 weeks
with physical therapists
in an outpatient
hospital.

Dynamic and static
balance and stepping
exercises performed in
multiple directions
designed to improve
clinical and motor
symptoms of multiple
sclerosis, quality of life,
postural stability, and
mobility. Each session
comprised 40-minutes
of training, and 10-
minutes each of warm-
up and cool-down.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

2. Exergame-based
rehabilitation
programme

5x 60-minute group (4-8
participant) sessions
per week for 5 weeks
with physical therapists

66

Comparison

Waitlist control

Participants in this
group were
instructed to
continue with
standard physical
therapy and their
usual activities.

Outcomes

e Gait and
balance

e Exercise
capacity

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Stability, mobility and upper limb function

Study

Tramontan
02018

RCT

Italy

Population
disorder category:
Progressive
neurological
diseases.

N=30 adults with
multiple sclerosis

e Vestibular
rehabilitation:
n=15

e Standard
neurorehabilitatio
n: n=15

Age in years

[Mean (SD)]:

e Vestibular
rehabilitation:
50.64 (11.73)

e Standard
neurorehabilitatio
n: 45.77 (10.91)

Sex (M/F):

e Vestibular
rehabilitation:
n=6/n=9

e Standard
neurorehabilitatio
n: n=7/n=8

Chronic
neurological
disorder category:
Progressive

Intervention
in an outpatient hospital
physiotherapy gym.

Training comprised
sensorimotor and
visuomotor agility
training using an Xbox
360 core designed to
improve clinical and
motor symptoms of
multiple sclerosis,
quality of life, postural
stability, and mobility.
Each session
comprised 40-minutes
of training, and 10-
minutes each of warm-
up and cool-down.

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together — Exergaming
and AR/VR

Vestibular rehabilitation

5x 40-minute sessions
per week and 5x 20-
minute sessions per
week for 4 weeks with
physiotherapist in an
inpatient multiple
sclerosis unit.

Vestibular rehabilitation
treatment included gaze
stability exercises (gaze
on target with horizontal
and vertical head
movement, maximum
10-minutes) and
postural stability
exercises (blindfolded,
marching in place and
then turning clockwise
for up to 10-minutes
with breaks). Exercises
were adapted to each
participant's motor
competence and needs.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Vestibular

67

Comparison Outcomes
Standard e Gait and
neurorehabilitation balance
e Exercise
5x 40-minute capacity

sessions per week
for 4 weeks with
physiotherapist in an
inpatient multiple
sclerosis unit.

Muscle stretching,
postural alignment,
active-assisted
mobilisations, and
neuromuscular
facilitation to
improve motor
recruitment. Balance
training involved
standing and
dynamic tasks with
progressive
restrictions of the
support base, using
unstable surfaces in
various positions.
Dual-task exercises
with a ball were
incorporated to
create open tasks,
performed with eyes
open and closed.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study Population
neurological

diseases.

N=31 adults with
multiple sclerosis

¢ Robot-assisted
upper limb
training (PABLO-
Tyromotion):
n=15

e Upper limb
sensorimotor
training: n=16

Tramontan
0 2020

RCT

Italy

Age in years

[Mean (SD)]*:

¢ Robot-assisted
upper limb
training (PABLO-
Tyromotion):
46.7 (10.4)

e Upper limb
sensorimotor
training: 52.3
(5.4)

Sex (M/F):

¢ Robot-assisted
upper limb
training (PABLO-
Tyromotion):
n=6/n=8

e Upper limb
sensorimotor
training:
n=6/n=10

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

*Participant
characteristics only
reported for
participants
analysed rather
than randomised
(n=14 for Robot-
assisted upper
limb training
(PABLO-
Tyromotion) and
n=16 for upper
limb sensorimotor
training)

Intervention

exercise, including
optokinetic training

Robot-assisted upper
limb training (PABLO-
Tyromotion)

3x 40-minute sessions
per week for 4 weeks
with physiotherapist in
clinical setting.

Upper limb training
using PABLO®-
Tyromotion. Each
session involved virtual
reality-based interactive
games, providing task-
oriented exercises and
neurocognitive
feedback. The
exercises required
precision tasks and
one-dimensional and
two-dimensional
reactions, training
attention, strength
control, movement
control, coordination,
and precision. Training
was performed in
addition to conventional
neurorehabilitation (no
further details reported).

Protocol intervention
group: Rehabilitation
interventions to address
upper limb functioning —
Robotics and repetitive
task training

68

Comparison Outcomes

Upper limb e Gait and

sensorimotor balance

training e Limb/joint/m
uscle

3x 40-minute function

sessions per week
for 4 weeks with
physiotherapist in
clincal setting.

Participants
completed upper
limb sensory-motor
training without
robotic support,
focusing on
recovering global
upper limb functions,
controlling hand
grasp, and
improving fine hand
movements.
Training was
performed in
addition to the
conventional
neurorehabilitation
(no further details
reported)

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study
Tramontan
0 2022
RCT

Italy

van den
Heuvel
2014

RCT

Population

N=30 adults* with

severe traumatic

brain injury

e Vestibular
rehabilitation
plus standard
neurorehabilitatio
n: n=15

e Conventional
balance
rehabilitation
plus standard
neurorehabilitatio
n: n=15

Age in years

[Mean (SD)]:

e Vestibular
rehabilitation
plus standard
neurorehabilitatio
n: 34.7 (12.8)

e Conventional
balance
rehabilitation
plus standard
neurorehabilitatio
n: 36.8 (12.9)

Sex (M/F):

e Vestibular
rehabilitation
plus standard
neurorehabilitatio
n: n=7/n=8

e Conventional
balance
rehabilitation
plus standard
neurorehabilitatio
n: n=12/n=3

Chronic
neurological
disorder category:
Acquired brain

injury.

*Defined as 15
years or above.

N=33 adults with

idiopathic

Parkinson's

disease

¢ Interactive
balance training
with augmented

Intervention

Vestibular rehabilitation
plus standard
neurorehabilitation

3x 20-minute sessions
for 4 weeks with
physiotherapist in an
inpatient
neurorehabilitation unit.

Vestibular rehabilitation
involved gaze stability
(focus on target with
horizontal and vertical
head movement, up to
10-minutes) exercises
and dynamic postural
stability exercises
(blindfolded clockwise
steps in place and on
treadmill, up to 5-
minutes including
rests). Details of
standard
neurorehabilitation not
reported.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Vestibular
exercise, including
optokinetic training

Interactive balance
training with augmented
visual feedback

2x 60-minute sessions
per week for 5 weeks

69

Comparison

Conventional
balance
rehabilitation plus
standard
neurorehabilitation

3x 20-minute
sessions for 4 weeks
with physiotherapist
in an inpatient
neurorehabilitation
unit.

Conventional
balance
rehabilitation
focused on trunk
stabilisation through
3 exercises: seated
on a Bobath ball
blindfolded for 5-
minutes, with
physiotherapist
support, standing on
a Freeman board for
5-minutes, and
transferring
bodyweight while
standing using
parallel bars for 10-
minutes. Details of
standard
neurorehabilitation
not reported.

Conventional
balance training

2x 60-minute
sessions per week
for 5 weeks with

Outcomes

e Gait and
balance

e Gait and
balance

e Functioning

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study

The
Netherlan
ds

Wallén
2018

RCT

Sweden

Population
visual feedback:
n=17

e Conventional
balance training:
n=16

Age in years

[Mean (SD)]:

¢ Interactive
balance training
with augmented
visual feedback:
66.3 (6.39)

¢ Conventional
balance training:
68.8 (9.68)

Sex (M/F):

¢ Interactive
balance training
with augmented
visual feedback:
n=12/n=5

e Conventional
balance training:
n=8/n=8

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=100 adults with
Parkinson’s
disease

e Hi Balance
training
programme:
n=51

e Usual care: n=49

Age in years
[Mean (SD)]:
See Conradsson
2015

Sex (M/F):
See Conradsson
2015

Chronic
neurological
disorder category:
Progressive

Intervention

with senior therapist in
an outpatient setting.

Each session included
45-minutes of balance
training with an on-
screen virtual avatar
connected to force plate
and sensors providing
balance visual
feedback. Programme
exercises challenged
control of body lean and
functional ability and
difficulty could be
adjusted. The
programme involved
dynamic balance
exercises focusing on
controlling body posture
and included dual-task
exercises. Participants
worked in pairs, taking
turns in performing the
exercise or resting.

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises

Hi Balance training
programme

See Conradsson 2015

Protocol intervention
group: Rehabilitation
interventions to address
stability — Balance
exercises
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Comparison

senior therapist in an
outpatient setting.

Each session
included 45-minutes
of balance training
with dynamic
balance exercises
focusing on
controlling body
posture and included
dual-task exercises.
Participants worked
in pairs, taking turns
in performing the
exercise or resting.
Exercises were
taken from national
physical therapy
guidelines. These
exercises focused
on training standing
balance and
included exercises
completed under
different conditions.

Usual care

See Conradsson
2015

Outcomes

e Gait and
balance

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study Population
neurological
diseases.

Wirz 2017  N=21 adults with
subacute traumatic

RCT spinal cord injury
¢ High-intensity

. (50 mins)
swnzerlan robotic-assisted
gait training
sessions

(Lokomat): n=11
o Low-intensity (25
mins) robotic-
assisted gait
training sessions
(Lokomat): n=10

Age in years

[Mean (SD)]*:

¢ High-intensity
(50 mins)
robotic-assisted
gait training
sessions
(Lokomat): 35.56
(13.80)

o Low-intensity (25
mins) robotic-
assisted gait
training sessions
(Lokomat): 34.33
(15.96)

Sex (M/F):

¢ High-intensity
(50 mins)
robotic-assisted
gait training
sessions
(Lokomat):
n=8/n=1

o Low-intensity (25
mins) robotic-
assisted gait
training sessions
(Lokomat):
n=8/n=1

Chronic
neurological
disorder category:
Acquired spinal
cord injury.

*Participant
characteristics only
reported for

Intervention

High-intensity (50 mins)
robotic-assisted gait
training sessions
(Lokomat)

3-5x minimum 50-
minutes per week for 8
weeks.

Robotic assisted
locomotor training
Lokomat for a minimum
of 50-minutes walking
time. The first 5
sessions optimised set
up and familiarisation.
Legs were loaded with
bodyweight as
tolerated, speed ranged
from 1.6-3.5 km/h, force
was 100% to lowest
tolerated (0%) and
participants could view
graphical feedback of
hip and knee joints.
Each session involved
3-minutes of walking
without specification
and every third minute,
speed and force were
changed or feedback
was switched on or off
to avoid monotony.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

71

Comparison Outcomes

Low-intensity (25
mins) robotic-
assisted gait training
sessions (Lokomat)

e Limb/joint/m
uscle
function

3-5x minimum 25-
minutes per week for
8 weeks.

Robotic assisted
locomotor training
using Lokomat with
a minimum of 25-
minutes training
session walking
time. Otherwise,
protocol was same
as intervention.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
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Study

Wroblews
ka 2019

RCT

Poland

Zivi 2018
RCT

Italy

Population
participants
analysed rather
than randomised
(n=9 in each arm)

N=40 adults with
Parkinson’s
disease

¢ Nordic walking
training: n=20

¢ No intervention:
n=20

Age in years

[Mean (SD)]:

¢ Nordic walking
training: 72.1
(7.5)

¢ No intervention:
67.6 (6.6)

Sex (M/F):

¢ Nordic walking
training:
n=8/n=12

¢ No intervention:
n=9/n=11

Chronic
neurological
disorder category:
Progressive
neurological
diseases.

N=40 adults with
general peripheral
neuropathies

o Hydrotherapy
plus inpatient
rehabilitation
programme:
n=21

¢ Land-based
therapy plus
inpatient
rehabilitation
programme:
n=19

Age in years

[Mean (SD)]:

o Hydrotherapy
plus inpatient
rehabilitation
programme: 66.3
(13.0)

Intervention

Nordic walking training

2x 60-minute sessions
per week for 12 weeks
with physiotherapist
outdoors.

Participants had three
initial sessions for
familiarisation with the
Nordic Walking
technique. Each
session started with
warm up and stretching,
then Nordic Walking
and then final stretch
and cool down.

Protocol intervention
group: Rehabilitation
interventions to address
mobility — Gait training

Hydrotherapy plus
inpatient
multidisciplinary
rehabilitation
programme

3x 60-minute sessions
per week of aquatic
based therapy and daily
rehabilitation
programme for 4 weeks
in an inpatient setting
with multidisciplinary
team.

Hydrotherapy sessions
involved relaxation and
breath control, balance
and posture and gait

exercises and occurred
on three alternate days
of the first rehabilitation
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Comparison

No intervention
12 weeks.

Participants did not
use any form of
physiotherapy and
advised not to
change current
lifestyle or
discontinue any
leisure activities.

Land-based therapy
plus inpatient
multidisciplinary
rehabilitation
programme

3x 60-minute
sessions per week
of land-based
therapy and daily
rehabilitation
programme for 4
weeks in an
inpatient setting with
multidisciplinary
team.

Same protocol as

intervention, except
on 3 alternate days
of the week the first
session was carried

Outcomes

e Gait and
balance

e Gait and
balance

e Functioning
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Study

Population

e Land-based
therapy plus
inpatient
rehabilitation

programme: 71.8

(7.7)

Sex (M/F):

o Hydrotherapy
plus inpatient
rehabilitation
programme:
n=11/n=10

e Land-based
therapy plus
inpatient
rehabilitation
programme:
n=8/n=11

Chronic
neurological

Intervention

programme session
(below).

Inpatient
multidisciplinary
rehabilitation
programme was
specific to peripheral
neuropathy with daily
sessions involving
individual training with
physical therapist (60-
minutes per day, 5 days
per week), exercise with
physical therapist using
devices such as
treadmill,
cycloergometer,
cyclette, stabilometric
platform (60-minutes
per day, 6 days per
week) and occupational
therapy (60-minutes per

Comparison Outcomes
out overground. As

for hydrotherapy,

sessions involved

relaxation and

breath control,

balance and posture

and gait exercises.

disorder category:
Mixed (General
peripheral
neuropathies).

day, 5 days per week).

Protocol intervention
group: Rehabilitation
interventions to address
limb functioning,
stability and mobility
together —
Hydrotherapy

AR: augmented reality; CoDuSe: core stability, dual task training, and sensory strategies; Hz: hertz; km/h:
kilometres per hour; mA: milliamps;, mm: millimetre; ms: miliseconds; RCT: randomised controlled trial; SD:
standard deviation; VR: virtual reality.

See the full evidence tables in appendix D and the forest plots in appendix E.

Summary of the evidence

For the purpose of analysis, results where the effect estimate is above a minimum important
difference (MID) and the 95% CI crosses the line of no effect are interpreted as showing no
evidence of important difference. If the effect estimate is between the 2 MIDs, this is
interpret-ed as showing no important difference. This level of detail can be found in the
GRADE tables in appendix F. However, to improve the clarity of reporting throughout this
evidence summary, any effect estimate where the 95% confidence interval crosses a line of
no effect has simply been interpreted as no important difference, regardless of whether the
point estimate exceeds the minimally important difference.

Rehabilitation interventions to address upper limb function
Robotics and repetitive task training

Across all comparisons within this protocol intervention group, the majority showed no
important difference between the interventions compared (for example robotic training plus
conventional therapy for people with spinal cord injury versus conventional therapy only, and
upper limb robotics for people with multiple sclerosis versus control). There was 1 exception
identified at post-intervention in people with Parkinson’s disease receiving upper limb robotic
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therapy compared to those receiving conventional physical therapy, where intervention
participants had statistically significantly better upper limb function outcomes compared to
control, although it should be noted that there was no corresponding important difference
seen in hand function and no statistically significant difference in motor functioning or
functioning outcomes at the same time point. The term statistically significant benefit rather
than important benefit is used because although there is a statistically significant benefit, we
cannot ascertain clinical importance (for example, if standard deviations were not reported or
if only f-values were reported).

All evidence in this protocol intervention group was judged to be very low quality. Effect
estimates where no difference was found between interventions were all marked down for
imprecision, and typically only came from 1 study. As such, these findings should not be
taken as definitive evidence of no difference between the interventions.

Rehabilitation interventions to address stability
Vestibular exercise, including optokinetic training

Across all comparisons within this protocol intervention group, the majority showed no
important difference between the interventions compared (for example, vestibular
rehabilitation in adults with acquired brain injury compared to control and home-based
optokinetic training intervention compared to usual care for adults with spinocerebellar ataxia
6). One exception was important benefits seen in balance only outcomes at post-intervention
in adults with multiple sclerosis receiving vestibular rehabilitation compared to conventional
neurorehabilitation. However, no important difference was seen in the gait and balance, gait
only and exercise capacity outcomes for the same comparison at the same timepoint.

Evidence in this protocol intervention group was judged to be of very low to low quality. Effect
estimates where no difference was found between interventions were all marked down for
imprecision, and typically only came from 1 study. As such, these findings should not be
taken as definitive evidence of no difference between the interventions.

Balance exercises

Across all comparisons within this protocol intervention group, most outcomes showed no
important or statistically significant difference between the interventions compared at any
time point (for example, gait and balance outcomes at either post-intervention or follow-up in
adults with multiple sclerosis receiving balance exercises compared to control participants
and balance only outcomes at either post-intervention or follow-up in adults with Parkinson’s
disease performing balance exercises versus a control group). There were several
exceptions to this rule, where important benefits were identified: balance at post-intervention
in adults with multiple sclerosis receiving balance exercises compared to control (although
this was not sustained at follow-up time points); and gait and balance at post-intervention in
adults with Parkinson’s disease receiving balance exercises compared to control (although
this was not sustained at follow-up time points)

A few other significant benefits were seen throughout the comparisons, but these tended to
be studies that had reported multiple measures of an outcome domain, and already had data
included in the meta-analysis, or interim improvements in outcomes that were not sustained
at a later follow-up date.

The quality of the evidence in this protocol intervention group ranged from very low to low.
Outcomes were typically downgraded due to concerns over risk of bias from the contributing
studies and imprecision in the effect estimate.
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Perturbation training

For the 1 intervention investigated in this group in adults with Parkinson’s disease, an
important benefit was seen in 1 gait and balance outcome (timed up and go) at post-
intervention in people receiving perturbation treadmill training. However, this difference was
not retained at follow-up and no difference was observed in any other outcome at any
timepoint (including another gait and balance measure).

All evidence in this protocol intervention group was judged to be of very low quality. Effect
estimates where no difference was found between interventions were all marked down for
imprecision, and only came from 1 study. As such, these findings should not be taken as
definitive evidence of no difference between the interventions.

Rehabilitation interventions to address mobility
Gait training

Across all the comparisons comparing gait training with a control group, the majority of
outcomes showed no important or statistically significant difference between interventions
(for example, gait and balance at post-intervention or follow-up in adults with multiple
sclerosis, and limb/joint/muscle function at post-intervention in people with Parkinsons’s
disease). The main exception to this was results from a 3-arm trial comparing robot-assisted
gait training with treadmill training with conventional gait training. There were important
benefits seen in gait, balance and exercise capacity outcomes at both post-intervention and
follow-up when comparing robot-assisted or treadmill training to conventional gait training.
Evidence was mixed but generally there was no important difference between groups when
comparing robot-assisted gait training to treadmill training.

One study compared gait training with different frequencies, a 3-arm trial in adults with
Parkinson’s disease. Typically, high-frequency treadmill training showed important harms in
changes in all outcomes at all timepoints when compared to both low- and intermediate-
frequency treadmill training. Evidence was mixed when comparing intermediate- and low-
frequency treadmill training but typically showed no difference between groups for gait and
balance and gait only outcomes, but an important benefit in participants receiving
intermediate-frequency training for balance only outcomes.

A few other significant benefits were seen throughout the comparisons, but these tended to
be studies that had reported multiple measures of an outcome domain, and already had data
included in the meta-analysis, or interim improvements in outcomes that were not sustained
at a later follow-up date.

The quality of the evidence in this protocol intervention group ranged from very low to
moderate. Outcomes were typically downgraded due to concerns over risk of bias from the
contributing studies, inconsistency between studies that could not be explained by sub-group
analysis, and imprecision in the effect estimate.

Lower limb wearable, electrical stimulation and lower-body robotics

Across all comparisons within this protocol intervention group, the majority showed no
important or no statistically significant difference between the interventions compared (for
example, a custom-made shoe insole plus standard rehabilitation for adults with Parkinson’s
disease compared to a sham flat insole plus standard rehabilitation, and functional electrical
stimulation versus ankle foot orthosis in adults with multiple sclerosis). One exception was
identified in spasticity outcomes at post-intervention, which showed an important benefit in
adults with acquired brain injury receiving functional electrical stimulation plus ankle splinting
plus tilt table standing compared to tilt table standing only. This difference was not sustained
at follow-up.
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The quality of the evidence in this protocol intervention group ranged from very low to
moderate. All but 2 effect estimates where no difference was found between interventions
were marked down for imprecision, and were always informed by only 1 study. As such,
these findings should not be taken as definitive evidence of no difference between the
interventions.

Rehabilitation interventions to address limb functioning, stability and mobility
together

Sensorimotor exercises

Adults with Parkinson’s disease receiving a sensorimotor and visuomotor agility training
programme showed an important benefit in changes in gait and balance at post-intervention.

The quality of the evidence was judged to be low, as it was downgraded for concerns over
the risk of bias from the 1 contributing study.

Hydrotherapy

Across all comparisons for this intervention group, the majority reported no important
difference between groups (for example, aquatic training plus multidisciplinary
neurorehabilitation for people with acquired brain injury compared to land-based training plus
multidisciplinary neurorehabilitation, and aquatic therapy and land-based training in children
and young people with Duchenne’s muscular dystrophy versus land-based training alone).
The exceptions to this was important benefits identified in changes in gait and balance and
balance only outcomes at 6 months follow-up in adults with Parkinson’s disease receiving
aquatic therapy plus multidisciplinary intensive rehabilitation treatment, and an important
benefit identified in a gait and balance outcome at post-intervention in adults with general
peripheral neuropathies participating in hydrotherapy plus inpatient multidisciplinary
rehabilitation programme.

The quality of the evidence in this protocol intervention group ranged from very low to
moderate. Effect estimates where no difference was found between interventions were all
marked down for imprecision, and were only informed by 1 study. As such, these findings
should not be taken as definitive evidence of no difference between the interventions.

Exergaming and AR/VR

Across all comparisons within this protocol intervention group, half showed no important
difference between the interventions compared (for example, non-immersive virtual reality
exergame and traditional rehabilitation programme compared to traditional rehabilitation
programme in adults with Parkinson’s disease, and virtual reality-based motor rehabilitation
plus traditional physiotherapy versus traditional physiotherapy in adults with multiple
sclerosis). Exceptions were 2 studies investigating exergame-based rehabilitation
programmes versus waitlist control, which showed important benefits at post-intervention:
gait and balance and exercise capacity outcomes in adults with Parkinson’s disease, and
exercise capacity outcomes in adults with multiple sclerosis.

All but 1 effect estimate in this protocol intervention group was judged to be either very low or
low quality. Effect estimates where no difference was found between interventions were all
marked down for imprecision, and came from a single or low number of studies. As such,
these findings should not be taken as definitive evidence of no difference between the
interventions.

Wearable garments, technology and exoskeletons

One study investigated the impact of an exercise programme completed with an exoskeleton
to both the same exercise programme completed without an exoskeleton and a waitlist
control, in adults with Parkinson’s disease. No important difference was seen in changes in
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gait and balance or motor functioning outcomes at post-intervention, when the exoskeleton
exercise programme was compared to either control. However, an important benefit was
seen in the post-intervention exercise capacity of exoskeleton participants compared to both
controls.

All evidence in this protocol intervention group was judged to be either low or very low
quality. Effect estimates were all marked down for imprecision, and only came from 1 study.

Individualised (tailored) exercise programmes

Across all comparisons within this protocol intervention group, the majority showed no
important difference between the interventions compared (for example, a web-based
individualised physiotherapy programme versus a physiotherapy exercise information sheet
in adults with multiple sclerosis, and a home-based and centre-based individualised exercise
programme compared to centre-based individualised exercise programme in adults with
Parkinson’s disease). There were 2 exceptions. Adults with amyotrophic lateral sclerosis
receiving a tailored exercise programme showed an important benefit in gait and balance,
exercise capacity and functioning outcomes at post-intervention, compared to usual care.
Similarly, important benefits in exercise capacity and motor functioning outcomes at post-
intervention were seen in adults with Parkinson’s disease taking part in a personalised
intensive physiotherapy programme versus those performing conventional physiotherapy. No
follow-up data were reported.

The quality of evidence in this intervention protocol group ranged from very low to low.
Outcomes were typically downgraded due to concerns over risk of bias from the contributing
studies and imprecision in the effect estimate.

Mixed interventions

For both comparisons in this intervention group (bodyweight supported gait training plus
bodyweight supported balance exercises compared to conventional rehabilitation treatment
in adults with Parkinson’s disease and functional electrical stimulation plus bodyweight
supported treadmill training versus a resistance and aerobic exercise programme in adults
with acquired spinal cord injury), the majority reported no important difference between
groups. The 1 exception to this was a statistically significantly higher (better) change in
functioning in participants receiving bodyweight supported gait training plus bodyweight
supported balance exercises at post-intervention.

All effect estimates in this protocol intervention group were judged to be of very low quality.
Effect estimates where no difference was found between interventions were all marked down
for imprecision, and came from a single study. As such, these findings should not be taken
as definitive evidence of no difference between the interventions.

See appendix F for full GRADE tables.
Economic evidence

Included studies

A systematic review of the economic literature was conducted but no economic studies were
identified which were applicable to this review question.

See supplementary material 2 for details on the economic search undertaken for this
guideline.
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Excluded studies

Economic studies not included in this review are listed, and reasons for their exclusion are
provided in appendix J.

Summary of included economic evidence

No economic studies were identified which were applicable to this review question.

Economic model

No economic modelling was undertaken for this review because the committee agreed that
other topics were higher priorities for economic evaluation.

The committee’s discussion and interpretation of the evidence

The outcomes that matter most

The guideline committee discussed which outcomes to include in this review and chose the
following: gait and balance; exercise capacity; limb/joint/muscle function; respiratory function;
and functioning. All were judged to be critical.

The committee noted that the aim of this review had 3 components: stability, mobility and
upper limb function. Therefore, they prioritised outcomes to assess gait and balance, and
limb/joint/muscle functioning in order to cover each of this broad domains. Additionally, they
noted that interventions should not just be effective in this discrete domains, but that it
matters how these benefits translate to overall functional independence of an individual. With
this in mind, they included general functioning as a critical outcome. Finally, the committee
went on to discuss a potential longer-term benefit of improved stability, mobility and upper
limb function, that of physical activity and exercise. They agreed that maintaining physical
activity and ability to exercise is paramount when discussing rehabilitation for people with
chronic neurological disorders, not only when considering rehabilitation exercises themselves
but its well documented impact on endurance, cardiac health and cognition. Due to this
importance, they selected exercise capacity and respiratory functioning as a further outcome.

The quality of the evidence

The evidence was assessed using GRADE methodology and the overall confidence in the
findings ranged from very low to moderate.

Findings were downgraded due to concerns relating to risk of bias (for example, when
studies reported a lack of blinding of either participants or assessors because rehabilitation
interventions and controls are difficult to conceal or if a large number of participants were lost
to follow-up) and imprecision (when 95% confidence intervals crossed 1 or 2 decision-
making thresholds). Evidence was also downgraded for inconsistency (for example, when
difference in intervention content or comparators causes significant heterogeneity between
studies that could not be explained by sub-group analysis). No evidence was downgraded for
indirectness.

Due to the range of validated and standardised assessment tools used to measure outcomes
across studies, meta-analyses were conducted using standardised mean differences. In
order to ensure results were directly comparable, single study effect estimates were also
reported as standardised mean differences. Some studies did not report enough data to
calculate mean change scores for outcomes. In these cases, results were reported
separately alongside meta-analysis results.

78
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)



FINAL
Stability, mobility and upper limb function

No studies were identified investigating upper limb wearables for upper limb functioning;
electrical stimulation for upper limb functioning; backward chaining for mobility; dual task
training for upper limb functioning, stability and mobility together; neuromodulation for upper
limb functioning, stability and mobility together; or cough augmentation and inspiratory
muscle training.

Evidence was found for all outcomes apart from the following:
e Respiratory function

Benefits and harms
Pain management

The committee discussed the importance of adequate pain management during rehabilitation
for people with chronic neurological disorders. While it is not a primary intervention for
stability, mobility and upper limb functioning, and therefore has not been covered in this
evidence review, the committee's experience and expertise show how central proper
analgesia is to the effectiveness of rehabilitation for chronic neurological disorders.
Individuals are much less likely to complete rehabilitation programmes if they cause or
exacerbate current pain levels. Unmanaged pain levels can also negatively impact physical
functioning and emotional wellbeing, which can mask potential benefits of interventions.
Therefore, the committee recommended that pain management should be discussed
alongside rehabilitation goals and plans. They also highlighted the reciprocal nature of pain
management, noting that interventions for stability, mobility and limb function (including
muscle tone and postural management strategies) can also act to reduce or improve pain.

Physical activity and exercise

The committee discussed the importance of structured rehabilitation programmes targeting
mobility, stability and upper limb functioning in people with chronic neurological disorders, for
allowing people to optimise their muscle strength and physical functioning. However, as with
many areas of rehabilitation, these programmes would only be effective if they were
discussed and designed around the person, holistically. For example, exercise or physical
activity programmes should consider possible issues with cognitive needs in order to ensure
they are completed properly. Similarly, programme schedules should be flexible around a
person’s level of pain and fatigue, which may be static or fluctuating. The committee wanted
to highlight that, while physical activity and exercise should be encouraged in people with
chronic neurological disorders due to the benefits already discussed, there can be harms
associated with such programmes if not properly considered and tailored to the individual
and their abilities. Examples could include overexercise leading to permanent damage of
muscles, or burnout through unconsidered fatigue. Therefore, they recommended that risks
and unintended consequences be considered fully when developing these programmes. The
committee also discussed unsupervised or supervised exercises such as online resources or
local subsidised programmes. On the one hand, some committee members noted that
supervision and guidance from professionals (for example, occupational therapists,
physiotherapists or coaches) can add a motivational factor that can increase engagement, as
well as helping people overcome other barriers they may face in exercise participation (for
example, condition specific impacts on motivation, problem solving, and environmental
access). On the other hand, some individuals may prefer the privacy and convenience of
online programmes. The committee agreed that offering exercise programmes in different
modes and providing a choice can increase participation. This type of flexibility can help to
accommodate different levels of physical ability, access to resources, and personal comfort.
Furthermore, the committee wanted to highlight that exercises or physical activity
programmes need to be prescribed at a correct dose (covering sufficient frequency, duration
and intensity) for them to be effective. In their experience, plenty of exercise programmes fail
to show an effect because the programmes themselves are underpowered.
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The committee discussed the need to promote participation in activities outside of formalised
exercise and physical activity rehabilitation programmes, in order to promote long-term
physical well-being benefits in this population. They were aware that this will be different for
every individual, and so recommended that discussions be led by the preferences of the
individual. This should include exploring a wide-range of physical activities and considering
less typical physical activities to find the most appropriate ones and encourage engagement.
Examples could include walking, aerobic activity, yoga, martial arts, Pilates, play (for children
and young people), dance and ball sports.

Stability, mobility and limb function

The committee then discussed the evidence identified by this review, highlighting the lack of
important differences identified and very low or low quality evidence presented for most of
the interventions listed in the protocol. The committee also noted that there were several
instances where point estimates suggested a potential important benefit, but the level of
imprecision shown by the confidence intervals made it too uncertain. They discussed that
randomised controlled trials in people with chronic neurological disorders are often hard to
recruit for, due to concerns about capacity in some sub-groups (for example, individuals with
acquired brain injury) and the rare nature of many disorders. The relatively small numbers of
participants included in the studies, despite being normal for neurological rehabilitation, may
have increased the amount of imprecision and masked important benefits of the several
interventions. They also discussed that many of the interventions captured in this review
were standardised across participants which, in the committee’s experience, is less effective
in a population with such a wide variety of rehabilitation needs such as chronic neurological
disorders. Therefore, the committee emphasised that, whatever component interventions are
included rehabilitation programmes for stability, mobility, or limb function, healthcare
professionals should ensure that exercises were specific and targeted to individuals and their
needs. This tailoring is not a one-off process, but a continual one with incremental
progression aligned with a person’s abilities. Based on their own expertise, the committee
listed examples of what these could include, to showcase the variety of options available to
people (including play therapy for children and young people, which can often be
overlooked). Due to the inevitable overlap between interventions for stability, mobility, and
upper limb functioning and their impact on personal care and activities of daily living, the
committee included 2 interventions in this list that had not been included in this evidence
review but had been looked for in evidence review D: functional activity including task-based
training and wheelchair skills training. The committee recognised a potential resource impact
robotics, exoskeletons and hydrotherapy. For example, hydrotherapy can be very effective in
children and young people but not many services have access to hydrotherapy pools and
even if they do, these are expensive to maintain. The discussion regarding robotics and
exoskeletons was more nuanced. On the one hand, the addition of robotics or exoskeletons
to rehabilitation programmes can increase engagement and motivation, as well as allowing
increased frequency and intensity to some exercises. Furthermore, the committee argued
that robotics may actually reduce the number of trained professionals needed to perform
rehabilitation programmes. For example, a robot-assisted arm device can provide the same
physical support to the upper limbs that would normally need 2 rehabilitation professionals to
hold and position. However, robotics and exoskeletons are very expensive pieces of
equipment and the large resource impact cannot be overlooked. Combined with the lack of
clinical or cost-effectiveness evidence found, they decided to recommend that robotics,
exoskeletons and hydrotherapy only be offered where already available.

The committee went on to discuss the effectiveness of splinting and orthotics for stability,
mobility and upper limb function in people with chronic neurological disorders. This is current
standard practice to support limbs throughout movement (for example, aiding gait efficiency),
but also to prevent secondary impairments (for example, preventing falls and preventing
contracture across joints). The most suitable orthosis and splint will depend on the individual
and their rehabilitation needs, but can include off-the-shelf splints, pre-made hand splints (for
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example, thumb spica bespoke thermoplastic splinting), dynamic splints, palm protectors,
strapping and taping.

However, the committee discussed that in their knowledge and experience some
interventions in this section, such as casting, may be harmful for people living with a
functional neurological disorder. The committee acknowledged that while orthotics and
splints may be beneficial in other neurological conditions, their application in people with
functional neurological disorders requires careful consideration due the distinct way the
disorder functions, as functional neurological disorders is less about structural damage but
more about processing brain signals. In the committee’s knowledge and experience
interventions such as serial casting can lead to significant deterioration in patients with
functional neurological disorder, including onset or worsening of dystonia. The committee
agreed that recovery in functional neurological disorder is often contingent on
psychologically-informed approaches, and that interventions such as orthotics and splints
can reinforce maladaptive iliness beliefs and hinder progress.

The committee noted several important differences identified in the evidence on exergaming
and augmented or virtual reality interventions, but they were not confident in the longevity of
benefits due to the lack of follow-up data presented by included studies. As such, they did
not want to make a recommendation on the use of these as stand-alone interventions in
rehabilitation for chronic neurological disorders. However, they did discuss their combined
experiences with one of the most important aspects of gaming and virtual reality, which is
engagement. Rehabilitation for chronic disorders is a continual process, which can often
become static and tedious if care is not taken to address this. Exergaming and augmented or
virtual reality is a safe and accessible way of introducing variety (for example, new
experiences or different environments) into rehabilitation programmes, which can promote
participation. For children and young people, exergaming is a way of prescribing
interventions in a fun and playful manner that is similar to some of their recreational activities.

The committee highlighted once again that rehabilitation cannot be an isolated intervention or
programme for a set period of time for people with chronic neurological disorders. Most of the
conditions covered by this guideline require lifelong management of symptoms, including
rehabilitation for stability, mobility and limb function to maintain functioning and prevent
deterioration. To increase the probability of continued benefits from a rehabilitation
programme, healthcare professionals need to foster long-term engagement in the process.
One way of doing this is to decrease the inconvenience that rehabilitation has on an
individual and de-medicalise exercise so it becomes a lifestyle rather than a treatment. This
can be achieved by either incorporating training and exercises into daily routine and activities
or, if this is not possible, finding ways for programmes to be completed at home or in
community settings so people do not have to spend time and energy commuting to a clinic.
This way they are completing their rehabilitation without having to spend extra time or effort
to do so.

The committee discussed an additional challenge for rehabilitation programmes for stability,
mobility or limb function in people with chronic neurological disorders, which is the
sustainability element. Individuals will likely require a long (if not life-long) period of
rehabilitation and it is unlikely that they will want to receive supervised sessions for all that
time, considering the commitment continued attendance at these appointments requires.
Therefore, there is a need to agree exercises that individuals can carry out without clinical
supervision and that can fit into their daily life. Again, the exercises prescribed should be
targeted and adapted to an individual’s rehabilitation needs. The committee also stressed
that, while these can be independent exercises if appropriate, they should also include family
members or carers if needed. This is especially pertinent in children and young people,
where they may need parental support to carry out their exercises.
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Treadmill gait training

Although not consistently demonstrated, the committee focused on several important
benefits (namely gait and balance and exercise capacity outcomes) shown by studies
investigating treadmill training interventions, especially when compared against conventional
gait training or no intervention. This evidence corresponded with their experience. In
particular, the committee discussed that increasing capacity for exercise could advantage
another area of rehabilitation, physical activity. Despite treadmill training interventions being
a short-term solution, increasing exercise capacity can result in increased levels of exercise
endurance, which in turn helps motivation and engagement in exercise programmes, and
promotes long-term participation in physical activities. The committee stressed that
encouraging long-term physical activity is particularly important in rehabilitation for chronic
neurological disorders, as it is one of the most helpful interventions in preventing
deterioration in functioning. Following on from this recommendation, the committee
discussed 1 study investigating treadmill training at different frequencies, which provided
evidence (mainly moderate quality) that high frequency (5 times per week) training produced
worse gait and balance outcomes in adults with Parkinson’s disease, when compared to both
low (2 times per week) and intermediate frequency (3 times per week) programmes. Due to
the lack of follow-up data, and the fact that the committee’s experience was that high-
frequency treadmill training can be useful for populations other than Parkinson’s disease, the
committee did not caution against high frequency treadmill training. Instead they focused on
the benefits offered by intermediate and low frequency treadmill training, recommending that
they be considered in people with progressive neurological diseases.

The committee discussed that, while individual studies showed a few important benefits
outside of meta-analysed results, robotic-assisted gait training as a whole did not show
important differences in outcomes. This disagreed with the committee experience, which was
that including robotics in treadmill gait training can often allow people to perform
rehabilitation earlier, for longer periods, and at a higher intensity which benefits both mobility
and exercise capacity outcomes. Although the intervention is not currently standard practice,
the committee discussed that it was becoming more of a mainstream treatment and wanted
to ensure that recommendations for this section remained contemporaneous between this
and future guideline updates. However, the committee were aware that a recommendation
on robot-assisted treadmill gait training could have a large resource impact on settings that
did not offer this service, so they caveated their recommendation that it should only be
offered where the appropriate equipment and specialism was already available.

The committee went on to discuss that one of the main benefits of treadmill gait training,
exercise capacity, is not a prolonged effect and it will decrease quickly if exercises are
stopped without a suitable replacement. Therefore, they recommended a plan be constructed
to aid supporting exercise capacity when transferring from a clinical to a community setting.
This might be continuing treadmill training in a recreational gym or could involve learning new
exercises that can be easily implemented at home.

Electrical stimulation

The committee discussed the evidence identified for functional electrical stimulation, all
aimed at lower limb function. The majority of evidence failed to show an important difference,
was of very low quality, and came from single studies as meta-analysis was not appropriate.
One outcome measure showed a benefit at post-intervention in adults with traumatic brain
injury, but this was not retained at follow-up, which limits confidence in the longevity of
functional electrical stimulation. Therefore, the committee did not consider this evidence
sufficient to inform recommendations, and recommendations in this section were made by
the committee using their experience and expertise.

The committee also discussed the use of neuromuscular electrical stimulation to aid muscle
strength for both upper and lower limbs, or when a person has issues with coordination. For
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example, including neuromuscular electrical stimulation within a coordination task will
support relevant muscle groups so an individual can practice the action without experiencing
as much fatigue. Also, neuromuscular electrical stimulation can act as a good timing cue to
leg muscles during gait or standing practice. Again, this is common practice for people with
both peripheral and central nerve disorders resulting from chronic neurological disorders and
most settings will have the resources available to provide this service. The committee
stressed that neuromuscular electrical stimulation should be provided alongside a functional
exercise programme, not in isolation.

Functional electrical stimulation is common practice for both people with upper motor
neurone lesions leading to lower limb muscle weakness or an inability to adequately dorsiflex
the ankle for foot clearance in gait. The committee discussed the advantages of the
intervention, namely the ability to optimise timing and strength of muscle contractions within
the gait cycle, with results being seen fairly quickly. Electrical stimulation can be used
alongside other mobility interventions, such as gait training, to increase their effectiveness
(for example, improve the fluidity of the gait cycle or increase gait cadence). The committee’s
expertise highlighted that functional electrical stimulation is very effective if appropriately
applied in people with incomplete spinal cord injury or lesions above T10 vertebral. The
committee stressed that, to be as effective as possible, functional electrical stimulation
should form part of a comprehensive rehabilitation programme for mobility (for example,
alongside gait training) rather than simply providing people with the equipment alone. The
committee referred readers to NICE’s interventional procedures guideline on functional
electrical stimulation for drop foot of central neurological origin for further detailed
recommendations on this intervention.

The committee additionally noted that electrical stimulation devices are not tolerated by
everyone, with some people reporting uncomfortable sensations during use. This can lead to
poor adherence unless issues are rectified. They suggested that these devices are always
trialled before they are fully incorporated into a rehabilitation programme, allowing individuals
and rehabilitation professionals time to identify areas for improvement and try solutions, thus
ensuring maximum engagement.

Interventions for vestibular problems

The committee discussed the evidence identified for vestibular exercises in people with
chronic neurological disorders. The majority of evidence failed to show an important
difference and was of very low quality. In the only instance where a benefit was identified in
the intervention group, it was not supported by other measures within the same study.
Additionally, where meta-analysis was possible, there was often high heterogeneity between
studies which limits confidence in findings. Therefore, the committee did not consider this
evidence sufficient to inform recommendations, and the recommendation in this section was
made by the committee using their experience and expertise.

The committee discussed that balance problems in some people with chronic neurological
disorders can be due to central or peripheral vestibular changes, especially in people with
acquired brain injuries or spinal cord injuries. Due to the specialised nature of diagnosis, the
committee recommended that people who may have vestibular issues undergo an
assessment with a trained professional, who can then prescribe appropriate exercises (for
example, ocular motor exercises for stability) or perform appropriate manoeuvres (for
example, canalith repositioning manoeuvres). Cawthorne Cooksey exercises may also be
beneficial to help with dizziness symptoms in this population.

Application of recommendations across the guideline population

Finally, the committee discussed whether these recommendations could apply to the whole
population of people with chronic neurological disorders, or if there would be exceptions for
certain groups of people. Although the evidence was primarily from an adult population, they
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noted that nothing in the recommendations excluded children. The committee did
acknowledge that there are added layers of complexity when designing paediatric
rehabilitation programmes for upper limb, stability and mobility. For example, treadmill
training in younger people is not always safe, particularly in children who are not yet
confident in their walking. Similarly, while functional electrical stimulation is not
contraindicated for children, the committee noted that rehabilitation professionals would have
to spend a greater amount of time explaining the equipment in this population, the sensations
that accompany the intervention, and make sure that children and young people are
comfortable with their choice.

The committee were disappointed by the paucity of effectiveness evidence identified for
children and young people in this review. Despite the large number of included studies, only
1 was conducted in the paediatric population. Although this review area is important for
everyone undergoing rehabilitation for chronic neurological disorders, it is especially so in
children and young people. Early intervention for mobility, stability and upper limb function
will help to maintain functioning for longer, but also can prevent symptoms from affecting
subsequent growth and developmental milestones. They therefore made a research
recommendation covering the original review question but with an exclusive focus on
children and young people, with a view to both strengthening existing recommendations and
informing new recommendations in future guideline updates.

Cost effectiveness and resource use

There was no existing economic evidence on the cost effectiveness of interventions or
approaches for managing stability, mobility, and limb function in people with chronic
neurological conditions.

Pain management is already integral to rehabilitation. Consistently considering pain when
discussing and agreeing rehabilitation goals and plans may identify more people needing
pain management. However, many existing rehabilitation interventions can also reduce pain
or improve pain management, so no significant increase in resource use is anticipated.

The committee discussed that training, and exercises are guided by clinical need, with each
patient generally receiving care that is specific and targeted to their needs. The committee
discussed variation in practice and various training and exercises options that are available.
For example, gait training rehabilitation is standard care. They also discussed that robotic
treadmill training is very expensive and robotic exoskeleton are currently available mainly at
specialist centres or private sector, while splints, orthotics, and wearable garments are
common practice and universally used. Also, advanced de-weighting machines are available
only in some tertiary centres. They further noted that wheelchair skills training is a key
treatment, and that hydrotherapy is declining due to high maintenance costs compared to
land-based therapy but is still widely used in children.

They further explained that even though robotics have high initial capital costs it can release
professional time, allowing greater training intensity and potentially better outcomes since
there is a dose response relationship. Robotics also enable long-term training and are likely
to be a cost effective use of healthcare resources, especially given the shortage of staff to
deliver and supervise rehabilitation interventions. It was further explained that while robotics
can save professional time, some monitoring and adjustments are still needed during a
patient’s session, which could be provided by a therapy assistant. The committee also
discussed that there is an expectation in people with chronic neurological conditions to be
able to access newer equipment and robotics likely to become more mainstream.
Additionally, they noted that if services lose access to options like hydrotherapy, there should
be increased investment in newer alternatives.

The committee discussed challenges in sustaining engagement and supporting access,
noting that rehabilitation is often a cyclical process requiring intensive periods of intervention.
They noted that gaming modalities and virtual reality may be more accessible and lead to
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better engagement. According to the committee, virtual reality equipment costs around
£2000 and once acquired can be reused on multiple people. Therapist can also monitor
several patients at the same time, replacing traditional rehabilitation modalities that requires
costly machines.

Electrical stimulation combined with task-based activity is widely used. While most
rehabilitation services typically have some form of electrical stimulation devices some places,
such as community settings, may lack devices. Therefore, there may be cost implications
where this is not available. There are different indications for functional electrical stimulation
and neuromuscular electrical stimulation, and not all devices are funded by the NHS. Some
people purchase stimulators themselves or use Personal Independence Payment funding.

Overall, the committee acknowledged variation in practice, however given the lack of
comparative effectiveness data, they did not prioritise one intervention over another but
provided a menu of options that are currently being used by services. The recommendations
do not imply services having to, for example, acquire new equipment such as robotic
devices, virtual reality systems but instead focus on local availability. Therefore, the
recommendations should not result in a significant resource impact.

All other recommendations, including rehabilitation programmes, should be person-centred,
flexible, appropriately dosed, and adopt a lifelong approach, align with current practices in
most services. Integrating training and exercises into daily routines, promoting ongoing
community-based interventions, and ensuring vestibular assessments are conducted by
trained professionals should also be standard practice. The committee noted that while these
practices should already be in place, some resource implications may arise for services
where practices are sub-optimal. However, these are unlikely to be significant.

Recommendations supported by this evidence review

This evidence review supports recommendations 1.13.3, 1.15.1, 1.15.3t0 1.15.4, 1.16.1 to
1.16.5, 1.16.7, 1.16.9 to 1.16.15 and the recommendation for research on stability, mobility
and upper limb function.
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Appendices

Appendix A Review protocols

Review protocol for review question: What is the effectiveness of interventions and approaches for improving and
sustaining stability, mobility and upper limb functioning for people with chronic neurological disorders?

Table 3: Review protocol

ID Field Content

0. PROSPERQO registration number CRD42024518789

1. Review title Rehabilitation for physical functioning

2. Review question What is the effectiveness of interventions and approaches for improving and sustaining stability, mobility and
upper limb functioning for people with chronic neurological disorders?

3. Objective To determine the effectiveness of interventions for improving and sustaining stability, mobility and upper limb
functioning for people with chronic neurological disorders.

4. Searches The following databases will be searched:
e Medline All
e Embase

e Cochrane Central Register of Controlled Trials (CENTRAL)
e Cochrane Database of Systematic Reviews (CDSR)

¢ Psycinfo

e Social Policy and Practice

Searches will be restricted by:
e Date: 2013 onwards

¢ English language

e Human studies

o Systematic Reviews
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ID Field
5. Condition or domain being studied
6. Population

Content
e RCTs
e Non-randomised studies

Other searches:
e Inclusion lists of systematic reviews

With the agreement of the guideline committee the searches will be re-run 6 weeks before final submission
of the review and further studies retrieved for inclusion.

The full search strategies will be published in the final review.

Rehabilitation interventions to improve and sustain physical functioning for people with chronic neurological
disorders

Inclusion: Adults and children with rehabilitation needs due to the following chronic neurological disorders:
e Acquired brain injury

o Acquired spinal cord injury

e Acquired peripheral nerve disorders

e Progressive neurological diseases

e Functional neurological disorders

Exclusion:

e Conditions which do not fit one of the 5 categories of chronic neurological disorder as defined in the
guideline scope. These exclusions will be by exception and examined on a case-by-case basis rather than
whole disorder groups. For example, this guideline will not cover autonomic neuropathy or the acute
stabilisation of conditions such as encephalitis or hydrocephalus and will not cover degenerative disc
disorder as spinal discs do not form part of the spinal cord.

¢ Disorders for which interventions are primarily focused on altering body structure and functions, for
example isolated peripheral nerve injuries, that is, single nerve or plexus injuries.

e Surgical management of conditions (for example brain tumours, orthopaedic complications).
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ID Field Content

o Conditions for which NICE rehabilitation and rehabilitation related recommendations already exist,
including stroke in people aged 16 years and over, dementia including Alzheimer’s disease, cerebral palsy,
myalgic encephalomyelitis (or encephalopathy)/chronic fatigue syndrome and post-COVID-19 syndrome.

o Early rehabilitation after spinal cord injury as this will be covered in the NICE guideline on rehabilitation
after traumatic injury

7. Intervention Intervention group 1 — Rehabilitation interventions to address upper limb functioning.
o Upper limb wearables
¢ Electrical stimulation
¢ Robotics and repetitive task training

Intervention group 2 — Rehabilitation interventions to address stability.
¢ Vestibular exercise, including optokinetic training.

¢ Balance exercises (such as sitting/ standing and reaching)

e Perturbation training

Intervention group 3 — Rehabilitation interventions to address mobility.

e Gait training (including body-weight supported/ treadmill based and/ or robotically assisted interventions,
outdoor gait training)

e Backward chaining
o Lower limb wearables, electrical stimulation and lower-body robotics

Intervention group 4 — Rehabilitation interventions to address stability, mobility, and upper limb
functioning together.

¢ Dual task training

e Sensorimotor exercises

e Neuromodulation (electrical/ vibratory)

o Hydrotherapy

e Exergaming and AR/VR

o Wearable garments, technology (for example MOLLII) and exoskeletons
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ID Field
8. Comparator
9. Types of study to be included

Content

¢ Individualised (tailored) exercise programmes for stability, mobility, limb functioning and coordination tasks
(coordinating the body to be able to walk or be functional)

e Cough augmentation techniques (manual and device assisted cough, breath stacking,) and inspiratory
muscle training

Interventions compared with others in the same group or:
¢ Placebo (placebo or sham)
e Control (no intervention, waitlist, standard rehabilitation care alone, or ‘usual care’)
e The same intervention (as listed under ‘intervention’) but varied in terms of:
o Frequency
o Intensity
o Timing
o Setting
Include published full-text papers:
o Systematic reviews of RCTs
o Experimental studies with random assignment to intervention and control groups.

If insufficient* RCT evidence is located to support decision making about children and young people, then
experimental studies with non-random assignment to intervention and control groups (quasi-randomised
controlled trials, non-randomised controlled trials and prospective and retrospective cohort studies) will also
be considered, if a method of controlling for confounding variables is used. Systematic reviews of these
studies will also be considered.

*Sufficiency will be judged on issues such as the number and quality of the included studies; sample sizes,
reported outcomes, and availability of data on subgroups of interest.

**Studies must match or adjust for age and chronic neurological disorder.

Other confounding factors are:
o Sex
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ID Field

10. Other exclusion criteria

11. Context

12. Primary outcomes (critical
outcomes)

Content

o Delivery setting, for instance whether community or inpatient.
Inclusion:

o Full text papers

o Studies conducted in the UK, Australia, New Zealand and Canada and high-income European countries
(according to the World Bank).

Exclusion:

¢ Conference abstracts/proceedings
¢ Non-English language articles

e Articles published before 2013

¢ Non-English language articles

e Books, book chapters and theses.

e Papers that do not include methodological details will not be included as they do not provide sufficient
information to evaluate risk of bias/study quality.

Recommendations will apply to all inpatient (excluding critical care units), outpatient and community settings,
including tertiary settings and care homes in which either fully or partially NHS-funded rehabilitation
interventions for chronic neurological disorders are provided.

¢ Gait and balance — measured using validated, global scales such as the Rivermead Mobility Index (RMI);
Berg Balance Scale (BBS); Dynamic Gait Index or Functional Gait Assessment, Four Step Square Test;
Timed “Up & Go” Test (TUG)

o Exercise capacity — measured using validated, global scales such as the 6 Minute Walk Test (6MWT);
Five Times Sit to Stand Test.

o Limb/joint/muscle function — measured using validated, global scales such as the (Modified) Ashworth
Spasticity Scale; Manual Muscle Test (MMT); Penn Spasm Frequency Scale

¢ Respiratory function — measured using validated, global respiratory function outcome measures such as
the Forced Expiratory Volume in 1 second (FEV1) or expiratory sounds.

¢ Functioning — measured using validated, global scales such as the functional independence measure
(FIM) and the Paediatric Evaluation of Disability Inventory (PEDICAT).

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

99


https://data.worldbank.org/income-level/high-income

FINAL
Stability, mobility and upper limb function

ID Field

13. Secondary outcomes (important
outcomes)

14. Data extraction (selection and
coding)

15. Risk of bias (quality) assessment

Content
N/A

All references identified by the searches and from other sources will be uploaded into EPPI reviewer and de-
duplicated.

Titles and abstracts of the retrieved citations will be screened to identify studies that potentially meet the
inclusion criteria outlined in the review protocol.

Dual sifting will be performed on at least 10% of records (or 300 records, whichever is smaller); 90%
agreement is required and disagreements will be resolved via discussion with the senior systematic
reviewer. The full set of records will not be dual screened because the population, interventions and relevant
study designs are relatively clear and should be readily identified from titles and abstracts.

Full versions of the selected studies will be obtained for assessment. Studies that fail to meet the inclusion
criteria once the full version has been checked will be excluded at this stage. Each study excluded after
checking the full version will be listed, along with the reason for its exclusion.

The included and excluded studies lists will be circulated to the Topic Group for their comments. Resolution
of disputes will be by discussion between the senior reviewer, Topic Advisor and Chair.

A standardised form will be used to extract the following data from included studies: study details (reference,
country where study was carried out, type and dates), participant characteristics, inclusion and exclusion
criteria, details of the interventions if relevant, setting and follow-up, relevant outcome data and source of
funding. This will be quality assessed by the senior reviewer.

Quality assessment of individual studies will be performed using the following checklists.
¢ ROBIS tool for systematic reviews

e Cochrane RoB tool v.2 for RCTs

e Cochrane ROBINS-| for non-randomised controlled trials.
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ID Field Content
The quality assessment will be performed by one reviewer and this will be quality assured by a senior
reviewer.

16. Strategy for data synthesis Depending on the availability of the evidence, the findings will be summarised narratively or quantitatively.

Where possible, pairwise meta-analyses will be conducted using Cochrane Review Manager software. A
fixed effect meta-analysis will be conducted and data will be presented as odds ratios or risk ratios for
dichotomous outcomes. Peto odds ratio will be used for outcomes with zero events. Mean differences or
standardised mean differences will be calculated for continuous outcomes.

Heterogeneity in the effect estimates of the individual studies will be assessed using the 12 statistic.
Alongside visual inspection of the point estimates and confidence intervals, 12 values of greater than 50%
and 80% will be considered as significant and very significant heterogeneity, respectively.

Heterogeneity will be explored as appropriate using sensitivity analyses and pre-specified subgroup
analyses. If heterogeneity cannot be explained through subgroup analysis then a random effects model will
be used for meta-analysis, or the data will not be pooled.

The confidence in the findings across all available evidence will be evaluated for each outcome using an
adaptation of the ‘Grading of Recommendations Assessment, Development and Evaluation (GRADE)
toolbox’ developed by the international GRADE working group: http://www.gradeworkinggroup.org/.

Importance and imprecision of findings will be assessed against minimally important differences (MIDs).
Default MIDs will be used for risk ratios and continuous outcomes only, unless the committee pre-specifies
published or other MIDs for specific outcomes
e For risk ratios: 0.8 and 1.25.
e For continuous outcomes:
o MID is calculated by ranking the studies in order of SD in the control arms. The MID is calculated as +/-
0.5 times median SD.
o For studies that have been pooled using SMD (meta-analysed): +0.5 and -0.5 in the SMD scale are used
as MID boundaries.

17. Analysis of sub-groups Evidence will be stratified by:
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ID Field Content
o Age at time of intervention (children versus. adults). Children are classified as being aged 17 years or
younger.
¢ Functional neurological disorders as distinct from the 4 other categories of neurological disorder.

Evidence will be subgrouped by the following only in the event that there is significant heterogeneity in
outcomes:

e The 4 disorder categories not separated out through a priori stratification (acquired brain injury, acquired
spinal cord injury, acquired peripheral nerve disorders and progressive neurological diseases

o Study design (RCT v. NRS)
o Age (for the <17 years of age stratification only). Categories are <4 years, 4-11 years and >11 years.

Where evidence is stratified or subgrouped the committee will consider on a case by case basis if separate
recommendations should be made for distinct groups. Separate recommendations may be made where
there is evidence of a differential effect of interventions in distinct groups. If there is a lack of evidence in one
group, the committee will consider, based on their experience, whether it is reasonable to extrapolate and
assume the interventions will have similar effects in that group compared with others.

18. Type and method of review Intervention
O Diagnostic
O Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
O Other (please specify)
19. Language English
20. Country England
21. Anticipated or actual start date May 2022
22. Anticipated completion date December 2023

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
102



FINAL

Stability, mobility and upper limb function

23.

24.

25.

26.

27.

Field

Stage of review at time of this
submission

Named contact

Review team members

Funding sources/sponsor

Conflicts of interest

Content

Review stage Started Completed
Preliminary searches v v

Piloting of the study selection process v I~

Formal screening of search results against eligibility v v

criteria

Data extraction ™ I~

Risk of bias (quality) assessment v ™

Data analysis v I~

5a Named contact
NICE

5b Named contact e-mail
rehabforcnd@nice.org.uk

5¢ Organisational affiliation of the review
National Institute for Health and Care Excellence (NICE)

NICE Technical Team

This systematic review is being completed by NICE, which receives funding from the Department of Health
and Social Care.

All guideline committee members and anyone who has direct input into NICE guidelines (including the
evidence review team and expert witnesses) must declare any potential conflicts of interest in line with
NICE's code of practice for declaring and dealing with conflicts of interest. Any relevant interests, or changes
to interests, will also be declared publicly at the start of each guideline committee meeting. Before each
meeting, any potential conflicts of interest will be considered by the guideline committee Chair and a senior
member of the development team. Any decisions to exclude a person from all or part of a meeting will be
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28.

290.
30.

31.

32.

33.

34.

35..
36.

Field

Collaborators

Other registration details

Reference/URL for published
protocol

Dissemination plans

Keywords

Details of existing review of same
topic by same authors

Current review status

Additional information
Details of final publication

Content
documented. Any changes to a member's declaration of interests will be recorded in the minutes of the
meeting. Declarations of interests will be published with the final guideline.

Development of this systematic review will be overseen by an advisory committee who will use the review to
inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/quidance/indevelopment/gid-ng10181

N/A
https://www.crd.york.ac.uk/prospero/display record.php?RecordIiD=518789

NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:

¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts

e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social
media channels, and publicising the guideline within NICE.

Acquired brain injury; acquired spinal cord injury; neurological diseases; neurological disorders; peripheral
nerve disorders; rehabilitation; upper limb; lower limb; stability; mobility

N/A

O Ongoing

O Completed but not published

Completed and published

O Completed, published and being updated
O Discontinued

N/A

www.nice.org.uk
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AR: augmented reality; CDSR: Cochrane Database of Systematic Reviews;, CENTRAL: Cochrane Central Register of Controlled Trials; COVID-19: coronavirus; EPPI:
Evidence for Policy and Practice Information; GRADE: Grading of Recommendations Assessment, Development and Evaluation; MID: minimally important difference; N/A: not
applicable; NGA: National Guideline Alliance; NRS: non-randomised study; RCT: randomised controlled trial; RoB: risk of bias; ROBINS-I: Risk of Bias in Non-randomised
Studies — of interventions; SD: standard deviation; SMD: standardised mean difference; VR: virtual reality.
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Appendix B Literature search strategies

Literature search strategies for review question: What is the effectiveness of
interventions and approaches for improving and sustaining stability, mobility
and upper limb functioning for people with chronic neurological disorders?

Review question search strategies
Databases: Medline all

Date of last search: 27/03/2024

# Searches

(CRANIOCEREBRAL TRAUMA/ or brain injuries/ or exp brain hemorrhage, traumatic/ or exp brain
injuries, diffuse/ or exp brain injuries, traumatic/ or exp brain injury, chronic/ or Shaken Baby
Syndrome/ or HYPOXIA, BRAIN/ or Brain Damage, Chronic/ or exp INTRACRANIAL HEMORRHAGE,
TRAUMATIC/ or exp BRAIN NEOPLASMS/ or BRAIN DISEASES/ or BRAIN ABSCESS/ or BRAIN
DISEASES, METABOLIC/ or CEREBELLAR DISEASES/ or cerebrovascular disorders/ or basal
ganglia cerebrovascular disease/ or cerebrovascular trauma/ or intracranial arteriovenous
malformations/ or "intracranial embolism and thrombosis"/ or intracranial hemorrhages/ or vascular

1 headaches/ or exp ENCEPHALITIS/ or exp HYDROCEPHALUS/) not (exp STROKE/ or dementia/)

((brain* or cereb* or craniocereb* or cranial or intracrani* or neurocognit*) adj2 (injur* or trauma* or
damage* or disease*1 or disorder* or infect* or h?emorrhag* or neoplasm* or cancer* or tumo?r* or

2 insult* or impair* or ischemi* or ischaemi* or infarcti* or hypoxi* or drown*)).ti,ab.
& (chronic* adj1 trauma* adj2 encephalopath®).ti,ab.
((infratentorial* or supratentorial* or hypothalam* or pituitar* or choroid plexus) adj2 (neoplasm* or
4 cancer” or tumo?r* or carcinom* or adenocarcinom®)).ti,ab.
5 (brain* adj2 abscess*).ti,ab.
6 (carotid arter* adj2 (disease* or injur*)).ti,ab.

*n

("basal ganglia disease*" or encephalitis or meningoencephalitis or hydrocephal* or "paraneoplastic
7 cereb* degenerat™ or "shak* baby syndrome*").ti,ab.

exp STROKE/ and (ADOLESCENT/ or MINORS/ or exp CHILD/ or exp INFANT/ or exp PEDIATRICS/
8 or exp PUBERTY/)

(stroke? adj3 (p?ediatric* or child* or adolescen* or kid or kids or youth* or youngster* or minor or

minors or underage* or under-age* or "under age*" or teen or teens or teenager* or juvenile* or boy or

boys or boyhood or girl or girls or girlhood or schoolchild* or "school age*" or schoolage* or "under 16"
9 or "under sixteen*")).ti,ab.

exp SPINAL CORD INJURIES/ or exp SPINAL CORD NEOPLASMS/ or EPIDURAL ABSCESS/ or
SPINAL CORD DISEASES/ or exp SPINAL CORD VASCULAR DISEASES/ or SPINAL CORD
10 COMPRESSION/ or MYELITIS, TRANSVERSE/
((spinal* or spine?) adj2 (injur* or trauma* or tumo?r* or neoplasm* or cancer* or infect* or insult* or
disease? or disorder* or degenrat* or compress* or vascular* or ischemi* or ischaemi* or infarct* or
11 h?emorrhag*)).ti,ab.

12 (Central cord syndrome* or transverse myelitis).ti,ab.
13 (epidural* adj2 (neoplasm™* or cancer* or tumo?r* or abscess*)).ti,ab.

((spinal* or spine?) adj2 (viral* or virus* or polio* or acquired immunodeficiency syndrome or AIDS or
14 HIV or bacterial* or neurosyphili* or neuro-syphili* or tubercul*)).ti,ab.

PERIPHERAL NERVE INJURIES/ or exp CRANIAL NERVE INJURIES/ or PERIPHERAL NERVOUS
SYSTEM NEOPLASMS/ or exp CRANIAL NERVE NEOPLASMS/ or exp PERIPHERAL NERVOUS

15 SYSTEM DISEASES/ or exp CRANIAL NERVE DISEASES/
((periph* or cranial*) adj1 (nerve? or nervous system) adj2 (injur* or trauma* or disorder* or disease* or
damage* or neoplasm* or cancer* or tumo?r* or inflamm* or autoimmun* or paraneoplastic* or

16 neuropath* or syndrome?)).ti,ab.

17 (Guillain* adj1 Barr*).ti,ab.
((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility

18 or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 injur*).ti,ab.
19 (optic* adj1 nerve* adj2 (neoplasm* or cancer* or tumo?r)).ti,ab.
20 (brachial plexus adj1 (neuropath* or neuritis)).ti,ab.

(complex regional pain syndrome* or causalgia or mononeuropath* or nerve compression
21 syndrome*).ti,ab.

22 ((femoral or median or peroneal or radial or sciatic or tibial or ulnar) adj1 neuropath*).ti,ab.
23 ((carpal-tunnel or piriformis-muscle or tarsal-tunnel or thoracic-outlet) adj1 syndrome*).ti,ab.
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24

25
26
27
28
29

30
31
32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56

57
58

59
60
61
62
63
64

65

Searches

(pudendal neuralgia or polyneuropath* or polyradiculoneuropath* or polyradiculopath* or
radiculopath®).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 disease*).ti,ab.

(periph* adj2 neuropath*).ti,ab.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and lupus).ti,ab.
((multi-focal* or multifocal*) adj2 motor adj1 neuropath®).ti,ab.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and alcohol*).ti,ab.

exp MOTOR NEURON DISEASE/ or POSTPOLIOMYELITIS SYNDROME/ or exp PARKINSONIAN
DISORDERS/ or MUSCULAR DYSTROPHY, DUCHENNE/ or exp MULTIPLE SCLEROSIS/ or
NEUROMUSCULAR DISEASES/ or SPASTIC PARAPLEGIA, HEREDITARY/ or FRIEDREICH
ATAXIA/ or exp MULTIPLE SYSTEM ATROPHY/ or SUPRANUCLEAR PALSY, PROGRESSIVE/ or
CORTICOBASAL DEGENERATION/ or LEUKODYSTROPHY, METACHROMATIC/ or exp
MITOCHONDRIAL MYOPATHIES/ or exp MUCOPOLYSACCHARIDOSES/ or WILLIAMS
SYNDROME/ or GENETIC DISEASES, INBORN/ or RETT SYNDROME/ or FETAL ALCOHOL
SPECTRUM DISORDERS/ or DYSTONIC DISORDERS/ or "HEREDITARY SENSORY AND MOTOR
NEUROPATHY"/ or SPINAL DYSRAPHISM/

(neurolog* adj1 (condition* or disease* or damage* or disorder* or impair*)).ti,ab.
((motor-neuron* or gehrig* or charcott* or kennedy*) adj1 disease*).ti,ab.
((amyotroph* or primary) adj1 lateral* adj1 sclero*).ti,ab.

(bulbar adj1 pals*).ti,ab.

((muscular or muscle* or bulbo) adj1 atroph* adj1 spin*).ti,ab.

(progressiv* adj1 (muscular or muscle*) adj1 atroph*).ti,ab.

((postpolio* or post-polio*) adj1 syndrome?).ti,ab.

(Parkinson* or duchenne* or multiple scleros?s* or aphasia or creutzfeldt-jakob or huntington* or
kluver-bucy).ti,ab.

(muscular adj1 dystroph*).ti,ab.

(neuromusc* adj1 (disease* or disorder?)).ti,ab.

(heredit* adj1 spastic* adj1 parapleg*).ti,ab.

"friedreich* ataxia*".ti,ab.

((multiple system or olivopontocerebellar) adj1 atroph*).ti,ab.

(shy-drager syndrome* or striatonigral degenerat* or batten* disease?).ti,ab.
(progressive adj1 supranuclear adj1 pals*).ti,ab.

(richardson* adj1 (disease? or syndrome?)).ti,ab.

((corticobasal or cortico basal) adj1 degenerat*).ti,ab.

(white adj1 matter adj1 disorder?).ti,ab.

(metachromatic leukodystroph* or mitochondrial myopath* or mucopolysaccharidos*).ti,ab.
(lysosomal adj1 storage adj1 disorder?).ti,ab.

((genetic or William* or catch-22 or rett* or congenital or f?etal alcohol) adj1 (syndrome or
disorder®)).ti,ab.

(perinatal iliness* or perinatal hypoxia*).ti,ab.

(primary adj1 dystonia?).ti,ab.

(heredit* adj1 motor* adj1 sens* adj1 neuropath®).ti,ab.

(spina bifida? or spinal dysraphism?).ti,ab.

MOVEMENT DISORDERS/ or MOTOR DISORDERS/ or CONVERSION DISORDER/

((functional* or psychogenic* or dissociative*) adj1 neurologic* adj1 (disorder* or dysfunction* or
difficult®)).ti,ab.

((movement* or motor* or convers*) adj1 (disorder* or dysfunct*)).ti,ab.

((psychogenic or dissociative or non-epilep* or nonepilep*) adj1 (seizure* or convulsion* or fit or fits or
spasm* or attack®)).ti,ab.

(pseudo-seizure* or pseudoseizure®).ti,ab.

(medical* adj1 (unexplain* or un-explain*) adj1 symptom?).ti,ab.
or/1-61

exp UPPER EXTREMITY/

(upper adj2 (limb? or extremit*)).ti,ab.

(arm? or axilla? or elbow? or forearm? or hand? or finger? or thumb? or phalange* or metacarp* or
carpal”* or shoulder? or wrist?).ti,ab.
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66
67
68
69

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
08
99
100
101
102
103
104
105
106

107

108
109
110

111

Searches

(bicep* or tricep* or brachialis or ((abductor® or extensor* or flexor*) adj1 (pollicis or carpi or radialis* or
digitorium*))).ti,ab.

or/63-66
WEARABLE ELECTRONIC DEVICES/
(wear* or worn).ti,ab.

((cloth* or strap* or armband? or waistband? or shorts or trousers or splint*) adj3 (neuromuscular* or
function® or electric* or stimulat* or NMES or FES)).ti,ab.

((smart or sensor?) adj3 system?).ti,ab.

interactive feedback.ti,ab.

ELECTRIC STIMULATION/

ELECTRIC STIMULATION THERAPY/

(electric* adj3 (stimulat* or therap®)).ti,ab.

NEURAL PROSTHESES/

((neural or neuro) adj3 prosthe*).ti,ab.

(neuralprosthe* or neuroprosthe*).ti,ab.

MOLLILti,ab.

ROBOTICS/

robot*.ti,ab.

EXOSKELETON DEVICE/

(exoskeleton™ or exo-skeleton*).ti,ab.

(Rex adj3 bionic*).ti,ab.

EKSO.ti,ab.

(rewalk or Indego).ti,ab.

(saebo adj3 (reach or glove or flex)).ti,ab.

((repetitiv* or repeat™ or practice? or practicing) adj3 (task? or skill? or train*)).ti,ab.
((train* or retrain* or relearn*) adj3 (task? or skill?)).ti,ab.

or/68-89

(vestibular adj3 (exercis* or compensat* or rehab* or therap*)).ti,ab.

((Cawthorne or Cooksey or Brandt or Daroff or Frenkel) adj3 exercis*).ti,ab.
((gaz* or postur*) adj3 stabili* adj3 (exercis* or intervention?)).ti,ab.

(canalith adj3 reposition*).ti,ab.

(optokinetic adj3 train*).ti,ab.

(balanc* adj3 (exercis* or rehab* or therap* or train* or retrain* or program®)).ti,ab.
((shak* or nod* or stare or staring) adj3 exercis*).ti,ab.

((sit* or stand? or standing or reach*) adj3 exercis*).ti,ab.

(perturb* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program*)).ti,ab.
GAIT/ and (exp EXERCISE THERAPY/ or BODY WEIGHT/ or ROBOTICS/)

(gait adj3 (train* or retrain* or relearn* or rehab* or exercis* or treadmill? or robot* or outdoor?)).ti,ab.
(train* adj3 (body or bodies or weight) adj3 support*).ti,ab.

cal?isthenic*.ti,ab.

(backward? adj3 chain®).ti,ab.

exp LOWER EXTREMITY/

(lower adj2 (limb? or extremit*)).ti,ab.

(ankle? or buttock? or foot or feet? or forefoot or forefeet or metatars*® or tarsal* or toe? or hallux or
heel? or hip? or knee? or leg? or thigh?).ti,ab.

(abductor or adductor or articularis genu or biceps femoris or dorsal interosseous or extensor or
fibularis or flexor or gastrocnemius femur or gemellus or gluteus or gracilis or iliac* or iliopsoas or
lumbricals or obturator or pectineus or peroneus or piriformis or plantaris or popliteus or psoas or
quadratus or rectus femoris or sartorius or semimembranosus upper or semitendinosus lower or soleus
posterior or superior gemellus or tensor fasciae latae or tibialis or vastus).ti,ab.

or/105-108
or/68-87

((dual* or multi*) adj3 task? adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or
program* or activit*)).ti,ab.
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(multitask* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
112 activit*)).ti,ab.

(sensorimotor* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
113 activit*)).ti,ab.

114 neuromodulation.ti,ab.

115 TRANSCRANIAL MAGNETIC STIMULATION/

116 TRANSCRANIAL DIRECT CURRENT STIMULATION/

117 (transcranial adj3 (direct* or current* or magnetic*) adj3 stimulat*).ti,ab.

118 or/114-117

119 HYDROTHERAPY/

120 AQUATIC THERAPY/

121 (hydrotherap* or aquatherap®).ti,ab.

122 ((water* or hydro* or aqua* or pool? or ai chi*) adj3 (therap* or rehab* or exercis*)).ti,ab.
123 EXERGAMING/

124 (exergam* or gamerci*).ti,ab.

125 ((activ* or exercis* or fitness*) adj3 (game? or gaming or gamificat*)).ti,ab.

126 (interact* adj1 (fitness™ or exerci*)).ti,ab.

127 VIRTUAL REALITY/

128 AUGMENTED REALITY/

129 ((virtual* or augment*) adj3 realit*).ti,ab.

130 (exercis* adj3 program* adj5 (stabili* or mobili* or limb function* or coordinat*)).ti,ab.
131 ((individual* or tailor*) adj5 exercis* adj3 program*).ti,ab.

132 (cough* adj3 augment* adj3 technique?).ti,ab.

133 ((manual* or device? or mechanic*) adj3 (assist* or augment*) adj3 cough*).ti,ab.
134 ((manual* or ventilat* or mechanical*) adj3 (hyperinflation or insufflator* or exsufflator)).ti,ab.
135 (breath* adj3 stack®).ti,ab.

136 lung volume recruitment.ti,ab.

137 (inspirat* adj3 muscl* adj3 train*).ti,ab.

138 (rehab* adj5 intervention? adj5 (limb? function* or stabilit* or mobilit*)).ti,ab.

91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 104 or 111 or 112 or
113 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 or 130 or 131 or 132
139 or 133 or 134 or 135 or 136 or 137 or 138

140 67 and 90

141 109 and 110

142 (67 or 109) and 118

143 or/139-142

144 62 and 143

145 letter/

146 editorial/

147 news/

148 exp historical article/

149 Anecdotes as topic/

150 comment/

151 case reports/

152 (letter or comment*).ti.
153 or/145-152

154 randomized controlled trial/ or random™*.ti,ab.
155 153 not 154

156 animals/ not humans/
157 exp Animals, Laboratory/
158 exp Animal Experimentation/
159 exp Models, Animal/

160 exp Rodentia/
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161 (rat or rats or rodent* or mouse or mice).ti.

162 or/155-161

163 144 not 162

164 limit 163 to english language

165 limit 164 to yr="2013 -Current"

166 meta-analysis/

167 meta-analysis as topic/

168 (meta analy* or metanaly* or metaanaly*).ti,ab.

169 ((systematic* or evidence*) adj2 (review* or overview*)).ti,ab.

170 (reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.
171 (search strategy or search criteria or systematic search or study selection or data extraction).ab.
172 (search* adj4 literature).ab.

(medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or psycinfo or cinahl or
173 science citation index or bids or cancerlit).ab.

174 cochrane.jw.

175 or/166-174

176 randomized controlled trial.pt.

177 controlled clinical trial.pt.

178 pragmatic clinical trial.pt.

179 randomi#ed.ab.

180 placebo.ab.

181 randomly.ab.

182 Clinical Trials as topic.sh.

183 trial.ti.

184 or/176-183

185 exp EPIDEMIOLOGIC STUDIES/ or exp CLINICAL TRIAL/ or COMPARATIVE STUDY/
186 (control and study).mp.

187 program.mp.

188 or/185-187

189 exp Infant/ or Infant Health/ or Infant Welfare/

(prematur* or pre-matur* or preterm* or pre-term* or infan* or newborn* or new-born* or perinat* or
190 peri-nat* or neonat* or neo-nat* or baby* or babies or toddler*).ti,ab,in,jn.

191 exp Child/ or exp Child Behavior/ or Child Health/ or Child Welfare/

192 Minors/

193 (child* or minor or minors or boy* or girl* or kid or kids or young*).ti,ab,in,jn.
194 exp pediatrics/

195 (pediatric* or paediatric* or peadiatric*).ti,ab,in,jn.

196 Adolescent/ or Adolescent Behavior/ or Adolescent Health/

197 Puberty/

(adolescen* or pubescen* or prepubescen* or pre-pubescen* or pubert* or prepubert* or pre-pubert* or
198 teen* or preteen* or pre-teen* or juvenil* or youth* or under*age*).ti,ab,in,jn.

199 Schools/
200 Child Day Care Centers/ or exp Nurseries/ or Schools, Nursery/

(pre-school* or preschool* or kindergar* or daycare or day-care or nurser* or school* or pupil* or
201 student*).ti,ab,jn.

202 ("under 18" or "under eighteen*" or "under 25*" or "under twenty five*").ti,ab.
203 or/189-202

204 165 and (175 or 184)

205 165 and 188 and 203

206 or/204-205

Databases: Embase
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Date of last search: 27/03/2024

#

10

11
12
13

14

15

16
17

18
19
20

21
22
23

24

25
26
27
28
29

30
31
32

Searches

(head injury/ or exp brain injury/ or chronic brain disease/ or brain hemorrhage/ or brain hypoxia/ or exp
brain tumor/ or brain disease/ or brain abscess/ or metabolic encephalopathy/ or cerebellum disease/
or exp cerebrovascular disease/ or encephalitis/ or hydrocephalus/) not (exp cerebrovascular accident/
or dementia/)

((brain* or cereb* or craniocereb* or cranial or intracrani* or neurocognit*) adj2 (injur* or trauma* or
damage* or disease*1 or disorder* or infect* or h?emorrhag* or neoplasm* or cancer* or tumo?r* or
insult* or impair* or ischemi* or infarcti* or hypoxi* or drown*)).ti,ab.

(chronic* adj1 trauma* adj2 encephalopath®).ti,ab.

((infratentorial* or supratentorial* or hypothalam* or pituitar* or choroid plexus) adj2 (neoplasm* or
cancer” or tumo?r* or carcinom* or adenocarcinom®)).ti,ab.

(brain* adj2 abscess*).ti,ab.
(carotid arter* adj2 (disease* or injur*)).ti,ab.

("basal ganglia disease*" or encephalitis or meningoencephalitis or hydrocephal* or "paraneoplastic
cereb* degenerat™ or "shak* baby syndrome*").ti,ab.

exp cerebrovascular accident/ and (adolescent/ or "minor (person)"/ or exp child/ or exp infant/ or
pediatrics/ or exp pediatrics/ or exp puberty/)

(stroke? adj3 (p?ediatric* or child* or adolescen* or kid or kids or youth* or youngster* or minor or
minors or underage* or under-age* or "under age*" or teen or teens or teenager* or juvenile* or boy or
boys or boyhood or girl or girls or girlhood or schoolchild* or "school age*" or schoolage* or "under 16"
or "under sixteen*")).ti,ab.

exp spinal cord injury/ or exp spinal cord tumor/ or epidural abscess/ or spinal cord disease/ or exp
spinal cord vascular disease/ or spinal cord compression/ or transverse myelitis/

((spinal* or spine?) adj2 (injur* or trauma* or tumo?r* or neoplasm* or cancer* or infect* or insult* or
disease? or disorder” or degenrat® or compress* or vascular* or ischemi* or ischaemi* or infarct* or
h?emorrhag*)).ti,ab.

(Central cord syndrome* or transverse myelitis).ti,ab.
(epidural* adj2 (neoplasm* or cancer* or tumo?r* or abscess*)).ti,ab.

((spinal* or spine?) adj2 (viral* or virus* or polio* or acquired immunodeficiency syndrome or AIDS or
HIV or bacterial* or neurosyphili* or neuro-syphili* or tubercul*)).ti,ab.

peripheral nerve injury/ or exp cranial nerve injury/ or peripheral nerve tumor/ or exp cranial nerve
tumor/ or exp peripheral neuropathy/ or exp cranial neuropathy/

((periph* or cranial*) adj1 (nerve? or nervous system) adj2 (injur* or trauma* or disorder* or disease* or
damage* or neoplasm* or cancer* or tumo?r* or inflamm®* or autoimmun* or paraneoplastic* or
neuropath* or syndrome?)).ti,ab.

(Guillain* adj1 Barr*).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 injur*).ti,ab.

(optic* adj1 nerve* adj2 (neoplasm* or cancer* or tumo?r*)).ti,ab.
(brachial plexus adj1 (neuropath* or neuritis)).ti,ab.

(complex regional pain syndrome* or causalgia or mononeuropath* or nerve compression
syndrome*®).ti,ab.

((femoral or median or peroneal or radial or sciatic or tibial or ulnar) adj1 neuropath®).ti,ab.
((carpal-tunnel or piriformis-muscle or tarsal-tunnel or thoracic-outlet) adj1 syndrome*).ti,ab.

(pudendal neuralgia or polyneuropath* or polyradiculoneuropath* or polyradiculopath* or
radiculopath®).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 disease*).ti,ab.

(periph* adj2 neuropath*).ti,ab.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and lupus).ti,ab.
((multi-focal* or multifocal*) adj2 motor adj1 neuropath®).ti,ab.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and alcohol*).ti,ab.

exp motor neuron disease/ or postpoliomyelitis syndrome/ or exp parkinsonism/ or Duchenne muscular
dystrophy/ or exp multiple sclerosis/ or neuromuscular disease/ or hereditary motor sensory
neuropathy/ or Friedreich ataxia/ or exp Shy Drager syndrome/ or progressive supranuclear palsy/ or
corticobasal degeneration/ or metachromatic leukodystrophy/ or exp mitochondrial myopathy/ or exp
mucopolysaccharidosis/ or Williams Beuren syndrome/ or genetic disorder/ or Rett syndrome/ or fetal
alcohol syndrome/ or dystonic disorder/ or hereditary motor sensory neuropathy/ or spinal dysraphism/

(neurolog* adj1 (condition* or disease* or damage* or disorder* or impair*)).ti,ab.
((motor-neuron* or gehrig* or charcott* or kennedy*) adj1 disease*).ti,ab.
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33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56

57
58

59
60
61
62
63
64

65

66
67
68
69

70
71
72
73
74
75
76
77
78
79

Searches

((amyotroph* or primary) adj1 lateral* adj1 sclero*).ti,ab.
(bulbar adj1 pals*).ti,ab.

((muscular or muscle* or bulbo) adj1 atroph* adj1 spin*).ti,ab.
(progressiv* adj1 (muscular or muscle*) adj1 atroph*).ti,ab.
((postpolio* or post-polio*) adj1 syndrome?).ti,ab.

(Parkinson* or duchenne* or multiple scleros?s* or aphasia or creutzfeldt-jakob or huntington* or
kluver-bucy).ti,ab.

(muscular adj1 dystroph*).ti,ab.

(neuromusc* adj1 (disease* or disorder?)).ti,ab.

(heredit* adj1 spastic* adj1 parapleg*).ti,ab.

"friedreich* ataxia*".ti,ab.

((multiple system or olivopontocerebellar) adj1 atroph*).ti,ab.

(shy-drager syndrome* or striatonigral degenerat* or batten* disease?).ti,ab.
(progressive adj1 supranuclear adj1 pals*).ti,ab.

(richardson* adj1 (disease? or syndrome?)).ti,ab.

((corticobasal or cortico basal) adj1 degenerat*).ti,ab.

(white adj1 matter adj1 disorder?).ti,ab.

(metachromatic leukodystroph* or mitochondrial myopath* or mucopolysaccharidos*).ti,ab.
(lysosomal adj1 storage adj1 disorder?).ti,ab.

((genetic or William* or catch-22 or rett* or congenital or f?etal alcohol) adj1 (syndrome or
disorder®)).ti,ab.

(perinatal iliness* or perinatal hypoxia*).ti,ab.

(primary adj1 dystonia?).ti,ab.

(heredit* adj1 motor* adj1 sens* adj1 neuropath®).ti,ab.

(spina bifida? or spinal dysraphism?).ti,ab.

motor dysfunction/ or motor dysfunction/ or conversion disorder/

((functional* or psychogenic* or dissociative*) adj1 neurologic* adj1 (disorder* or dysfunction* or
difficult*)).ti,ab.

((movement* or motor* or convers*) adj1 (disorder* or dysfunct*)).ti,ab.

((psychogenic or dissociative or non-epilep* or nonepilep*) adj1 (seizure* or convulsion* or fit or fits or
spasm* or attack®)).ti,ab.

(pseudo-seizure* or pseudoseizure®).ti,ab.

(medical* adj1 (unexplain* or un-explain*) adj1 symptom?).ti,ab.
or/1-61

exp UPPER LIMB/

(upper adj2 (limb? or extremit*)).ti,ab.

(arm? or axilla? or elbow? or forearm? or hand? or finger? or thumb? or phalange* or metacarp* or
carpal* or shoulder? or wrist?).ti,ab.

(bicep* or tricep* or brachialis or ((abductor® or extensor* or flexor*) adj1 (pollicis or carpi or radialis* or
digitorium*))).ti,ab.

or/63-66
exp WEARABLE COMPUTER/
(wear* or worn).ti,ab.

((cloth* or strap* or armband? or waistband? or shorts or trousers or splint*) adj3 (neuromuscular* or
function* or electric* or stimulat* or NMES or FES)).ti,ab.

((smart or sensor?) adj3 system?).ti,ab.
interactive feedback.ti,ab.
ELECTROSTIMULATION/
ELECTROTHERAPY/

(electric* adj3 (stimulat* or therap*)).ti,ab.
NEUROPROSTHESIS/

((neural or neuro) adj3 prosthe*).ti,ab.
(neuralprosthe* or neuroprosthe*).ti,ab.
MOLLILti,ab.
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80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

108

109
110
111

112

113

114
115
116
117
118
119
120
121
122
123
124
125
126

Searches

ROBOTICS/ or COGNITIVE ROBOTICS/

robot*.ti,ab.

exp "EXOSKELETON (REHABILITATION)"/

(exoskeleton™ or exo-skeleton*).ti,ab.

(Rex adj3 bionic*).ti,ab.

EKSO.ti,ab.

(rewalk or Indego).ti,ab.

(saebo adj3 (reach or glove or flex)).ti,ab.

((repetitiv* or repeat™ or practice? or practicing) adj3 (task? or skill? or train*)).ti,ab.

((train* or retrain* or relearn*) adj3 (task? or skill?)).ti,ab.

or/68-89

(vestibular adj3 (exercis* or compensat* or rehab* or therap*)).ti,ab.

((Cawthorne or Cooksey or Brandt or Daroff or Frenkel) adj3 exercis*).ti,ab.

((gaz* or postur*) adj3 stabili* adj3 (exercis* or intervention?)).ti,ab.

(canalith adj3 reposition*).ti,ab.

(optokinetic adj3 train*).ti,ab.

(balanc* adj3 (exercis* or rehab* or therap* or train* or retrain* or program®)).ti,ab.

((shak* or nod* or stare or staring) adj3 exercis*).ti,ab.

((sit* or stand? or standing or reach*) adj3 exercis*).ti,ab.

(perturb* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program*)).ti,ab.
GAIT/ and (exp KINESIOTHERAPY/ or BODY WEIGHT/ or ROBOTICS/ or COGNITIVE ROBOTICS/)
(gait adj3 (train* or retrain* or relearn* or rehab* or exercis* or treadmill? or robot* or outdoor?)).ti,ab.
(train* adj3 (body or bodies or weight) adj3 support*).ti,ab.

CALISTHENICS/

cal?isthenic*.ti,ab.

(backward? adj3 chain®).ti,ab.

exp LOWER LIMB/

(lower adj2 (limb? or extremit*)).ti,ab.

(ankle? or buttock? or foot or feet? or forefoot or forefeet or metatars*® or tarsal* or toe? or hallux or
heel? or hip? or knee? or leg? or thigh?).ti,ab.

(abductor or adductor or articularis genu or biceps femoris or dorsal interosseous or extensor or
fibularis or flexor or gastrocnemius femur or gemellus or gluteus or gracilis or iliac* or iliopsoas or
lumbricals or obturator or pectineus or peroneus or piriformis or plantaris or popliteus or psoas or
quadratus or rectus femoris or sartorius or semimembranosus upper or semitendinosus lower or soleus
posterior or superior gemellus or tensor fasciae latae or tibialis or vastus).ti,ab.

or/106-109
or/68-87

((dual* or multi*) adj3 task? adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or
program* or activit*)).ti,ab.

(multitask* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit*)).ti,ab.

(sensorimotor* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit®)).ti,ab.

*NEUROMODULATION/

neuromodulation.ti,ab.

exp TRANSCRANIAL MAGNETIC STIMULATION/

TRANSCRANIAL DIRECT CURRENT STIMULATION/

(transcranial adj3 (direct* or current* or magnetic*) adj3 stimulat*).ti,ab.
or/117-119

exp HYDROTHERAPY/

(hydrotherap* or aquatherap®).ti,ab.

((water* or hydro* or aqua* or pool? or ai chi*) adj3 (therap* or rehab* or exercis*)).ti,ab.
EXERGAMING/

(exergam* or gamerci*).ti,ab.

((activ* or exercis* or fithness*) adj3 (game? or gaming or gamificat*)).ti,ab.
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127 (interact* adj1 (fitness™ or exerci*)).ti,ab.

128 *VIRTUAL REALITY/

129 AUGMENTED REALITY/

130 ((virtual* or augment*) adj3 realit*).ti,ab.

131 (exercis* adj3 program* adj5 (stabili* or mobili* or limb function* or coordinat*)).ti,ab.
132 ((individual* or tailor*) adj5 exercis* adj3 program*).ti,ab.

133 (cough* adj3 augment* adj3 technique?).ti,ab.

134 ((manual* or device? or mechanic*) adj3 (assist* or augment*) adj3 cough*).ti,ab.
135 ((manual* or ventilat* or mechanical*) adj3 (hyperinflation or insufflator* or exsufflator)).ti,ab.
136 (breath* adj3 stack®).ti,ab.

137 lung volume recruitment.ti,ab.

138 (inspirat* adj3 muscl* adj3 train*).ti,ab.

139 (rehab* adj5 intervention? adj5 (limb? function* or stabilit* or mobilit*)).ti,ab.

91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 101 or 102 or 103 or 104 or 105 or 112 or
113 or 114 or 115 or 116 or 121 or 122 or 123 or 124 or 125 or 126 or 127 or 128 or 129 or 130 or 131
140 or 132 or 133 or 134 or 135 or 136 or 137 or 138 or 139

141 67 and 90

142 110 and 111

143 (67 or 110) and 120

144 or/140-143

145 62 and 144

146 letter.pt. or letter/

147 note.pt.

148 editorial.pt.

149 case report/ or case study/

150 (letter or comment*).ti.

151 or/146-150

152 randomized controlled trial/ or random™*.ti,ab.
153 151 not 152

154 animal/ not human/

155 nonhuman/

156 exp Animal Experiment/

157 exp Experimental Animal/

158 animal model/

159 exp Rodent/

160 (rat or rats or rodent* or mouse or mice).ti.

161 or/153-160

162 145 not 161

163 limit 162 to english language

164 limit 163 to yr="2013 -Current"

165 systematic review/

166 meta-analysis/

167 (meta analy* or metanaly* or metaanaly*).ti,ab.
168 ((systematic or evidence) adj2 (review* or overview*)).ti,ab.
169 (reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.
170 (search strategy or search criteria or systematic search or study selection or data extraction).ab.
171 (search* adj4 literature).ab.

(medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or psycinfo or cinahl or
172 science citation index or bids or cancerlit).ab.

173 ((pool* or combined) adj2 (data or trials or studies or results)).ab.
174 cochrane.jw.

175 or/165-174

176 random®.ti,ab.
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177 factorial*.ti,ab.

178 (crossover* or cross over®).ti,ab.

179 ((doubl* or singl*) adj blind*).ti,ab.

180 (assign* or allocat* or volunteer* or placebo*).ti,ab.
181 crossover procedure/

182 single blind procedure/

183 randomized controlled trial/

184 double blind procedure/

185 or/176-184

EPIDEMIOLOGY/ or CONTROLLED STUDY/ or exp CASE CONTROL STUDY/ or PROSPECTIVE
STUDY/ or RETROSPECTIVE STUDY/ or COHORT ANALYSIS/ or FOLLOW UP/ or CROSS-
186 SECTIONAL STUDY/ or exp CLINICAL TRIAL/ or COMPARATIVE STUDY/

187 (control and study).mp.
188 program.mp.
189 or/186-188

exp juvenile/ or Child Behavior/ or Child Welfare/ or Child Health/ or infant welfare/ or "minor (person)"/
190 or elementary student/

(prematur* or pre-matur* or preterm* or pre-term* or infan* or newborn* or new-born* or perinat* or
191 peri-nat* or neonat* or neo-nat* or baby* or babies or toddler*).ti,ab,in,ad,jw.

192 (child* or minor or minors or boy* or girl* or kid or kids or young*).ti,ab,in,ad,jw.
193 exp pediatrics/
194 (pediatric* or paediatric* or peadiatric*).ti,ab,in,ad,jw.

exp adolescence/ or exp adolescent behavior/ or adolescent health/ or high school student/ or middle
195 school student/

(adolescen* or pubescen® or prepubescen* or pre-pubescen* or pubert* or prepubert* or pre-pubert* or
196 teen* or preteen* or pre-teen* or juvenil* or youth* or under*age*).ti,ab,in,ad,jw.

school/ or high school/ or kindergarten/ or middle school/ or primary school/ or nursery school/ or day
197 care/

(pre-school* or preschool* or kindergar® or daycare or day-care or nurser* or school* or pupil* or
198 student®).ti,ab,jw.

199 ("under 18*" or "under eighteen
200 or/190-199

201 (conference abstract* or conference review or conference paper or conference proceeding).db,pt,su.
202 164 and (175 or 185)

203 164 and 189 and 200

204 or/202-203

205 (conference abstract* or conference review or conference paper or conference proceeding).db,pt,su.
206 204 not 205

*n

or "under 25*" or "under twenty five*").ti,ab.

Databases: Cochrane Central Register of Controlled Trials; and Cochrane Database of
Systematic Reviews

Date of last search: 27/03/2024

#1 MeSH descriptor: [Craniocerebral Trauma] this term only

#2 MeSH descriptor: [Brain Injuries] this term only

#3 MeSH descriptor: [Brain Hemorrhage, Traumatic] explode all trees
#4 MeSH descriptor: [Brain Injuries, Diffuse] explode all trees

#5 MeSH descriptor: [Brain Injuries, Traumatic] explode all trees

#6 MeSH descriptor: [Brain Injury, Chronic] explode all trees

#7 MeSH descriptor: [Shaken Baby Syndrome] this term only

#8 MeSH descriptor: [Brain Damage, Chronic] this term only

#9 MeSH descriptor: [Hypoxia, Brain] this term only

#10 MeSH descriptor: [Intracranial Hemorrhage, Traumatic] explode all trees
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#11
#12
#13
#14
#15
#16
#17
#18
#19
#20
#21
#22
#23
#24

#25
#26
#27
#28
#29

#30
#31

#32
#33
#34

#35
#36
#37
#38
#39
#40
#41
#42
#43
#44

#45
#46
#AT
#48
#49
#50
#51
#52

#53

Searches

MeSH descriptor: [Brain Neoplasms] explode all trees

MeSH descriptor: [Brain Diseases] this term only

MeSH descriptor: [Brain Abscess] this term only

MeSH descriptor: [Brain Diseases, Metabolic] this term only

MeSH descriptor: [Cerebellar Diseases] this term only

MeSH descriptor: [Cerebrovascular Disorders] this term only

MeSH descriptor: [Basal Ganglia Cerebrovascular Disease] this term only
MeSH descriptor: [Cerebrovascular Trauma] this term only

MeSH descriptor: [Intracranial Arteriovenous Malformations] this term only
MeSH descriptor: [Intracranial Embolism and Thrombosis] this term only
MeSH descriptor: [Intracranial Hemorrhages] this term only

MeSH descriptor: [Vascular Headaches] this term only

MeSH descriptor: [Encephalitis] this term only

MeSH descriptor: [Hydrocephalus] this term only

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or
#17 or #18 or #19 or #20 or #21 or #22 or #23 or #24

MeSH descriptor: [Stroke] explode all trees
MeSH descriptor: [Dementia] this term only
#26 or #27

#25 NOT #28

((brain* or cereb* or craniocereb* or cranial or intracrani* or neurocognit*) NEAR/2 (injur* or trauma* or
damage* or disease* or diseases* or disorder* or infect* or hemorrhag* or haemorrhag* or neoplasm*
or cancer* or tumour* or tumor* or insult* or impair* or ischemi* or ischaemi* or infarcti* or hypoxi* or
drown*)):ti,ab

(chronic* NEAR/1 trauma* NEAR/2 encephalopath*):ti,ab

((infratentorial* or supratentorial* or hypothalam* or pituitar* or "choroid plexus") NEAR/2 (neoplasm*
or cancer* or tumour* or tumor* or carcinom* or adenocarcinom®)):ti,ab

(brain* NEAR/2 abscess*):ti,ab
(carotid arter* NEAR/2 (disease* or injur*)):ti,ab

(("basal ganglia" next disease*) or encephalitis or meningoencephalitis or hydrocephal* or
"paraneoplastic cerebellar" next degenerat* or "shaken baby" next syndrome* or "shaking baby" next
syndrome*):ti,ab

MeSH descriptor: [Stroke] explode all trees
MeSH descriptor: [Adolescent] this term only
MeSH descriptor: [Minors] this term only
MeSH descriptor: [Child] explode all trees
MeSH descriptor: [Infant] explode all trees
MeSH descriptor: [Pediatrics] explode all trees
MeSH descriptor: [Puberty] explode all trees
#37 or #38 or #39 or #40 or #41 or #42

#36 and #43

((stroke or strokes) NEAR/3 (paediatric* or pediatric* or child* or adolescen* or kid or kids or youth* or
youngster® or minor or minors or underage* or "under age" or "under ages" or "under aged" or teen or
teens or teenager* or juvenile* or boy or boys or boyhood or girl or girls or girlhood or schoolchild* or
"school ages" or "school age" or "school aged" or schoolage* or "under 16" or "under sixteen" or "under
sixteens")):ti,ab

MeSH descriptor: [Spinal Cord Injuries] explode all trees

MeSH descriptor: [Spinal Cord Neoplasms] explode all trees

MeSH descriptor: [Epidural Abscess] this term only

MeSH descriptor: [Spinal Cord Diseases] this term only

MeSH descriptor: [Spinal Cord Vascular Diseases] explode all trees
MeSH descriptor: [Spinal Cord Compression] this term only

MeSH descriptor: [Myelitis, Transverse] this term only

((spinal* or spine or spines) NEAR/2 (injur* or trauma* or tumour* or tumor* or neoplasm* or cancer* or
infect® or insult* or disease or diseases or disorder* or degenrat* or compress* or vascular* or ischemi*
or ischaemi* or infarct* or hemorrhag* or haemorrhag*)):ti,ab
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#54
#55

#56
#57
#58
#59
#60
#61
#62

#63
#64

#65
#66
#67

#68
#69

#70

#71

#72
#73
#74
#75
#76

#17
#78
#79
#80
#81
#82
#83
#84
#85
#86
#87
#88
#89
#90
#91
#92
#93
#94
#95
#96
#97

Searches
("Central cord" next syndrome* or "transverse myelitis"):ti,ab
(epidural®* NEAR/2 (neoplasm* or cancer® or tumour* or tumor* or abscess*)):ti,ab

((spinal* or spine or spines) NEAR/2 (viral* or virus* or polio* or "acquired immunodeficiency
syndrome" or AIDS or HIV or bacterial* or neurosyphili* or neuro next syphili* or tubercul*)):ti,ab

MeSH descriptor: [Peripheral Nerve Injuries] this term only

MeSH descriptor: [Cranial Nerve Injuries] explode all trees

MeSH descriptor: [Peripheral Nervous System Neoplasms] this term only
MeSH descriptor: [Cranial Nerve Neoplasms] explode all trees

MeSH descriptor: [Peripheral Nervous System Diseases] explode all trees
MeSH descriptor: [Cranial Nerve Diseases] explode all trees

((periph* or cranial*) NEAR/1 (nerve or nerves or "nervous system") NEAR/2 (injur* or trauma* or
disorder* or disease* or damage* or neoplasm* or cancer* or tumour* or tumor* or inflamm* or
autoimmun* or paraneoplastic* or neuropath* or syndrome*)):ti,ab

(Guillain®* NEAR/1 Barr*):ti,ab

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or "ocular motility"
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) NEAR/1 nerve* NEAR/1 injur*):ti,ab

(optic* NEAR/1 nerve* NEAR/2 (neoplasm* or cancer® or tumour* or tumor*)):ti,ab
(brachial next plexus NEAR/1 (neuropath® or neuritis)):ti,ab

("complex regional pain" next syndrome* or causalgia or mononeuropath* or "nerve compression" next
syndrome*):ti,ab

((femoral or median or peroneal or radial or sciatic or tibial or ulnar) NEAR/1 neuropath*):ti,ab

((carpal next tunnel or piriformis next muscle or tarsal next tunnel or thoracic next outlet) NEAR/1
syndrome*):ti,ab

((pudendal next neuralgia) or polyneuropath* or polyradiculoneuropath* or polyradiculopath* or
radiculopath*):ti,ab

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or "ocular motility"
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) NEAR/1 nerve* NEAR/1
disease*):ti,ab

(periph* NEAR/2 neuropath*):ti,ab

(((periph* or cranial*) NEAR/2 (nerve or nerves or "nervous system")) and lupus):ti,ab
((multi next focal* or multifocal*) NEAR/2 motor NEAR/1 neuropath*):ti,ab

(((periph* or cranial*) NEAR/2 (nerve or nerves or nervous system)) and alcohol*):ti,ab

#29 or #30 or #31 or #32 or #33 or #34 or #35 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51
or #52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60 or #61 or #62 or #63 or #64 or #65 or
#66 or #67 or #68 or #69 or #70 or #71 or #72 or #73 or #74 or #75 or #76

MeSH descriptor: [Motor Neuron Disease] explode all trees

MeSH descriptor: [Postpoliomyelitis Syndrome] this term only
MeSH descriptor: [Parkinsonian Disorders] explode all trees

MeSH descriptor: [Muscular Dystrophy, Duchenne] this term only
MeSH descriptor: [Multiple Sclerosis] explode all trees

MeSH descriptor: [Neuromuscular Diseases] this term only

MeSH descriptor: [Spastic Paraplegia, Hereditary] this term only
MeSH descriptor: [Friedreich Ataxia] this term only

MeSH descriptor: [Multiple System Atrophy] explode all trees
MeSH descriptor: [Supranuclear Palsy, Progressive] this term only
MeSH descriptor: [Corticobasal Degeneration] explode all trees
MeSH descriptor: [Leukodystrophy, Metachromatic] this term only
MeSH descriptor: [Mitochondrial Myopathies] explode all trees
MeSH descriptor: [Mucopolysaccharidoses] explode all trees
MeSH descriptor: [Williams Syndrome] this term only

MeSH descriptor: [Genetic Diseases, Inborn] this term only

MeSH descriptor: [Rett Syndrome] this term only

MeSH descriptor: [Fetal Alcohol Spectrum Disorders] this term only
MeSH descriptor: [Dystonic Disorders] this term only

MeSH descriptor: [Hereditary Sensory and Motor Neuropathy] this term only
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#98

#99

#100
#101
#102
#103
#104
#105

#106
#107
#108
#109
#110
#111
#112
#113
#114
#115
#116
#117
#118

#119
#120
#121
#122
#123
#124
#125
#126

#127
#128

#129
#130
#131

#132
#133
#134

#135

#136
#137
#138
#139

#140
#141

Searches

MeSH descriptor: [Spinal Dysraphism] this term only

(neurolog* NEAR/1 (condition* or disease* or damage* or disorder* or impair*)):ti,ab
((motor next neuron* or gehrig* or charcott* or kennedy*) NEAR/1 disease*):ti,ab
((amyotroph* or primary) NEAR/1 lateral* NEAR/1 sclero*):ti,ab

(bulbar NEAR/1 pals*):ti,ab

((muscular or muscle* or bulbo) NEAR/1 atroph* NEAR/1 spin*):ti,ab

(progressiv* NEAR/1 (muscular or muscle*) NEAR/1 atroph*):ti,ab

((postpolio* or post next polio*) NEAR/1 (syndrome*)):ti,ab

(Parkinson* or duchenne* or multiple next scleros* or sclerosos* or aphasia or creutzfeldt next jakob or
huntington* or kluver next bucy):ti,ab

(muscular NEAR/1 dystroph*):ti,ab

((neurolog*) near/1 (condition* or disease* or damage* or disorder* or impair*)):ti,ab

(heredit* NEAR/1 spastic* NEAR/1 parapleg*):ti,ab

(friedreich* next ataxia*):ti,ab

(("multiple system" or olivopontocerebellar) NEAR/1 atroph*):ti,ab

((shy next drager next syndrome*) or striatonigral next degenerat* or batten next disease*):ti,ab
(progressive NEAR/1 supranuclear NEAR/1 pals*):ti,ab

(richardson* NEAR/1 (disease* or syndrome*)):ti,ab

((corticobasal or "cortico basal") NEAR/1 degenerat*):ti,ab

("white matter" NEAR/1 (disorder*)):ti,ab

(metachromatic next leukodystroph* or mitochondrial next myopath* or mucopolysaccharidos*):ti,ab
(lysosomal NEAR/1 storage NEAR/1 disorder*):ti,ab

((genetic or William* or "catch-22" or rett* or congenital or fetal or "foetal alcohol") NEAR/1 (syndrome*
or disorder*)):ti,ab

(perinatal NEAR/1 (illness* or hypoxia*)):ti,ab

(primary NEAR/1 (dystonia or dystonias)):ti,ab

(heredit* NEAR/1 motor* NEAR/1 sens* NEAR/1 neuropath*):ti,ab

(spina next (bifida or bifidas) or spinal next (dysraphism or dysraphisms)):ti,ab
MeSH descriptor: [Movement Disorders] this term only

MeSH descriptor: [Motor Disorders] this term only

MeSH descriptor: [Conversion Disorder] this term only

((functional* or psychogenic* or dissociative*) NEAR/1 neurologic* NEAR/1 (disorder* or dysfunction*
or difficult*)):ti,ab

((movement* or motor* or convers*) NEAR/1 (disorder* or dysfunct*)):ti,ab

((psychogenic or dissociative or non-epilep* or nonepilep*) NEAR/1 (seizure* or convulsion® or fit or fits
or spasm* or attack*)):ti,ab

(pseudo next seizure or pseudoseizure):ti,ab
(medical* NEAR/1 (unexplain* or un next explain*) NEAR/1 (symptom*)):ti,ab

#77 or #78 or #79 or #80 or #81 or #82 or #83 or #84 or #85 or #86 or #87 or #88 or #89 or #90 or #91
or #92 or #93 or #94 or #95 or #96 or #97 or #98 or #99 or #100 or #101 or #102 or #103 or #104 or
#105 or #106 or #107 or #108 or #109 or #110 or #111 or #112 or #113 or #114 or #115 or #116 or
#117 or #118 or #119 or #120 or #121 or #122 or #123 or #124 or #125 or #126 or #127 or #128 or
#129 or #130 or #131

MeSH descriptor: [Upper Extremity] explode all trees
(upper near/2 (limb or limbs or extremit*)):ti,ab

(arm or arms or axilla* or elbow* or forearm* or hand or hands or finger Or fingers or thumb* or
phalange* or metacarp* or carpal® or shoulder* or wrist*):ti,ab

(bicep* or tricep* or brachialis or ((abductor® or extensor* or flexor*) near/1 (pollicis or carpi or radialis*
or digitorium*))):ti,ab

#133 or #134 or #135 or #136
MeSH descriptor: [Wearable Electronic Devices] this term only
(wear* or worn):ti,ab

((cloth* or strap* or armband* or waistband* or shorts or trousers or splint*) near/3 (neuromuscular* or
function* or electric* or stimulat* or NMES or FES)):ti,ab

((smart or sensor*) near/3 system*):ti,ab
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#142
#143
#144
#145
#146
#147
#148
#149
#150
#151
#152
#153
#154
#155
#156
#157
#158
#159

#160
#161
#162
#163
#164
#165
#166
#167
#168
#169
#170
#171
#172
#173
#174
#175
#176
#177
#178
#179
#180
#181

#182

#183
#184

#185

#186

#187

Searches

"interactive feedback":ti,ab

MeSH descriptor: [Electric Stimulation] this term only

MeSH descriptor: [Electric Stimulation Therapy] this term only

(electric* near/3 (stimulat® or therap*)):ti,ab

MeSH descriptor: [Neural Prostheses] this term only

((neural or neuro) near/3 prosthe*):ti,ab

(neuralprosthe* or neuroprosthe*):ti,ab

MOLLII:ti,ab

MeSH descriptor: [Robotics] this term only

robot*:ti,ab

MeSH descriptor: [Exoskeleton Device] this term only

(exoskeleton* or exo-skeleton*):ti,ab

(Rex near/3 bionic*):ti,ab

EKSO:ti,ab

(rewalk or Indego):ti,ab

(saebo near/3 (reach or glove or flex)):ti,ab

((repetitiv* or repeat* or practice* or practicing) near/3 (task or tasks or skill or skills or train*)):ti,ab
((train* or retrain* or relearn*) near/3 (task or tasks or skill or skills)):ti,ab

#138 or #139 or #140 or #141 or #142 or #143 or #144 or #145 or #146 or #147 or #148 or #149 or
#150 or #151 or #152 or #153 or #154 or #155 or #156 or #157 or #158 or #159

(vestibular near/3 (exercis* or compensat* or rehab* or therap*)):ti,ab

((Cawthorne or Cooksey or Brandt or Daroff or Frenkel) near/3 exercis*):ti,ab
((gaz* or postur*) near/3 stabili* near/3 (exercis* or intervention*)):ti,ab

(canalith near/3 reposition*):ti,ab

(optokinetic near/3 train*):ti,ab

(balanc* near/3 (exercis* or rehab* or therap* or train* or retrain* or program®)):ti,ab
((shak™* or nod* or stare or staring) near/3 exercis*):ti,ab

((sit* or stand or stands or standing or reach*) near/3 exercis*):ti,ab

(perturb* near/3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program®)):ti,ab
MeSH descriptor: [Gait] this term only

MeSH descriptor: [Exercise Therapy] explode all trees

MeSH descriptor: [Body Weight] this term only

MeSH descriptor: [Robotics] this term only

#171 or #172 or #173

#170 and #174

(gait near/3 (train* or retrain* or relearn* or rehab* or exercis* or treadmill* or robot* or outdoor*)):ti,ab
(train* near/3 (body or bodies or weight) near/3 support*):ti,ab

(calisthenic* or callisthenic*):ti,ab

(backward* near/3 chain*):ti,ab

MeSH descriptor: [Lower Extremity] explode all trees

(lower near/2 (limb or limbs or extremit*)):ti,ab

(ankle* or buttock* or foot or feet or feets or forefoot or forefeet or metatars™ or tarsal* or toe or toes or
hallux or heel or heels or hip or hips or knee or knees or leg or legs or thigh*):ti,ab

(abductor or adductor or "articularis genu" or "biceps femoris" or "dorsal interosseous" or extensor or
fibularis or flexor or "gastrocnemius femur" or gemellus or gluteus or gracilis or iliac* or iliopsoas or
lumbricals or obturator or pectineus or peroneus or piriformis or plantaris or popliteus or psoas or
quadratus or "rectus femoris" or sartorius or "semimembranosus upper" or "semitendinosus lower" or
"soleus posterior" or "superior gemellus" or "tensor fasciae latae" or tibialis or vastus):ti,ab

#180 or #181 or #182 or #183

#138 or #139 or #140 or #141 or #142 or #143 or #144 or #145 or #146 or #147 or #148 or #149 or
#150 or #151 or #152 or #153 or #154 or #155 or #156 or #157

((dual* or multi*) near/3 (task or tasks) near/3 (train* or practic* or exercis* or rehab* or therap* or
retrain* or program* or activit*)):ti,ab

(multitask* near/3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit*)):ti,ab
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(sensorimotor* near/3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
#188  activit*)):ti,ab

#189  neuromodulation:ti,ab

#190 MeSH descriptor: [Transcranial Magnetic Stimulation] this term only

#191  MeSH descriptor: [Transcranial Direct Current Stimulation] this term only

#192  (transcranial near/3 (direct* or current* or magnetic*) near/3 stimulat*):ti,ab

#193  #190 or #191 or #192

#194  MeSH descriptor: [Hydrotherapy] this term only

#195 MeSH descriptor: [Aquatic Therapy] this term only

#196  (hydrotherap* or aquatherap®):ti,ab

#197  ((water* or hydro* or aqua* or pool or pools or "ai chi") near/3 (therap* or rehab* or exercis*)):ti,ab
#198  MeSH descriptor: [Exergaming] this term only

#199  (exergam® or gamerci*):ti,ab

#200 ((activ* or exercis* or fitness*) near/3 (game* or gaming or gamificat*)):ti,ab

#201  (interact* near/1 (fitness* or exerci*)):ti,ab

#202 MeSH descriptor: [Virtual Reality] this term only

#203 MeSH descriptor: [Augmented Reality] this term only

#204  ((virtual* or augment*) near/3 realit*):ti,ab

#205 (exercis* near/3 program* near/5 (stabili* or mobili* or (limb near/1function*) or coordinat*)):ti,ab
#206  ((individual* or tailor*) near/5 exercis* near/3 program*):ti,ab

#207  (cough* near/3 augment* near/3 technique*):ti,ab

#208 ((manual* or device* or mechanic*) near/3 (assist* or augment*) near/3 cough*):ti,ab

#209 ((manual* or ventilat* or mechanical*) near/3 (hyperinflation or insufflator* or exsufflator)):ti,ab
#210  (breath* near/3 stack*):ti,ab

#211  "lung volume recruitment":ti,ab

#212  (inspirat* near/3 muscl* near/3 train*):ti,ab

#213  (rehab* near/5 intervention* near/5 ((limb* NEXT function*) or stabilit* or mobilit*)):ti,ab

#161 or #162 or #163 or #164 or #165 or #166 or #167 or #168 or #169 or #175 or #176 or #177 or

#178 or #179 or #186 or #187 or #188 or #189 or #194 or #195 or #196 or #197 or #198 or #199 or

#200 or #201 or #202 or #203 or #204 or #205 or #206 or #207 or #208 or #209 or #210 or #211 or
#214  #212 or #213

#215  #137 and #160

#216  #184 and #185

#217  (#137 or #184) and #193
#218  #214 or #215 or #216 or #217
#219  #132 and #218

#132 and #218 with Cochrane Library publication date Between Jan 2013 and Mar 2024, in Cochrane
#220 Reviews

((clinicaltrials or trialsearch* or trial-registry or trials-registry or clinicalstudies or trialsregister* or

trialregister* or trial-number* or studyregister* or study-register* or controlled-trials-com or current-

controlled-trial or AMCTR or ANZCTR or ChiCTR* or CRiS or CTIS or CTRI* or DRKS* or EU-CTR* or

EUCTR* or EUDRACT* or ICTRP or IRCT* or JAPIC* or JMCTR* or JRCT or ISRCTN* or LBCTR* or
#221 NTR* or ReBec* or REPEC* or RPCEC* or SLCTR or TCTR* or UMIN*):so or (ctgov or ictrp)):an

#222  #219 not #221

#223  "conference":pt

#224  #222 not #223

#225  #222 not #223 with Publication Year from 2013 to 2024, in Trials

Databases: Psyclnfo

Date of last search: 27/03/2024

(exp Brain Injuries/ or anoxia/ or exp brain disorders/ or exp cerebrovascular disorders/ or exp
1 headache/) not (exp Dementia/ or Cerebrovascular Accidents/)
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10

11
12
13

14
15

16
17

18
19
20

21
22
23

24

25
26
27
28
29

30
31
32
33
34
35
36
37

38

Searches

((brain* or cereb* or craniocereb* or cranial or intracrani* or neurocognit*) adj2 (injur* or trauma* or
damage™* or disease*1 or disorder” or infect* or h?emorrhag* or neoplasm* or cancer* or tumo?r* or
insult* or impair* or ischemi* or ischaemi* or infarcti* or hypoxi* or drown*)).ti,ab.

(chronic* adj1 trauma* adj2 encephalopath*).ti,ab.

((infratentorial* or supratentorial* or hypothalam* or pituitar* or choroid plexus) adj2 (neoplasm* or
cancer” or tumo?r* or carcinom* or adenocarcinom®)).ti,ab.

(brain* adj2 abscess*).ti,ab.
(carotid arter* adj2 (disease* or injur*)).ti,ab.

("basal ganglia disease*" or encephalitis or meningoencephalitis or hydrocephal* or "paraneoplastic
cereb* degenerat™ or "shak* baby syndrome*").ti,ab.

Cerebrovascular Accidents/ and (exp childhood development/ or exp adolescent development/ or
pediatrics/ or puberty/)

(stroke? adj3 (p?ediatric* or child* or adolescen* or kid or kids or youth* or youngster* or minor or
minors or underage* or under-age* or "under age*" or teen or teens or teenager* or juvenile* or boy or
boys or boyhood or girl or girls or girlhood or schoolchild* or "school age*" or schoolage* or "under 16"
or "under sixteen*")).ti,ab.

spinal cord injuries/ or (Spinal Cord/ and neoplasms/) or (Cardiovascular Disorders/ and spinal cord/)
or exp myelitis/

((spinal* or spine?) adj2 (injur* or trauma* or tumo?r* or neoplasm* or cancer* or infect* or insult* or
disease? or disorder* or degenrat* or compress* or vascular* or ischemi* or ischaemi* or infarct* or
h?emorrhag*)).ti,ab.

(Central cord syndrome* or transverse myelitis).ti,ab.
(epidural* adj2 (neoplasm™* or cancer* or tumo?r* or abscess*)).ti,ab.

((spinal* or spine?) adj2 (viral* or virus* or polio* or acquired immunodeficiency syndrome or AIDS or
HIV or bacterial* or neurosyphili* or neuro-syphili* or tubercul*)).ti,ab.

(exp Peripheral Nervous System/ and (Injuries/ or neoplasms/)) or nervous system disorders/

((periph* or cranial*) adj1 (nerve? or nervous system) adj2 (injur* or trauma* or disorder* or disease* or
damage* or neoplasm* or cancer* or tumo?r* or inflamm®* or autoimmun* or paraneoplastic* or
neuropath* or syndrome?)).ti,ab.

(Guillain* adj1 Barr*).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 injur*).ti,ab.

(optic* adj1 nerve* adj2 (neoplasm* or cancer* or tumo?r*)).ti,ab.
(brachial plexus adj1 (neuropath* or neuritis)).ti,ab.

(complex regional pain syndrome* or causalgia or mononeuropath* or nerve compression
syndrome*®).ti,ab.

((femoral or median or peroneal or radial or sciatic or tibial or ulnar) adj1 neuropath®).ti,ab.
((carpal-tunnel or piriformis-muscle or tarsal-tunnel or thoracic-outlet) adj1 syndrome*).ti,ab.

(pudendal neuralgia or polyneuropath* or polyradiculoneuropath* or polyradiculopath* or
radiculopath®).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 disease*).ti,ab.

(periph* adj2 neuropath*).ti,ab.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and lupus).ti,ab.
((multi-focal* or multifocal*) adj2 motor adj1 neuropath®).ti,ab.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and alcohol*).ti,ab.

motor neurons/ or exp muscular disorders/ or exp neuromuscular disorders/ or multiple sclerosis/ or
neurodegenerative diseases/ or Progressive Supranuclear Palsy/ or corticobasal degeneration/ or
Metabolism Disorders/ or Williams Syndrome/ or genetic disorders/ or rett syndrome/ or fetal alcohol
syndrome/ or exp peripheral neuropathy/ or spina bifida/

(neurolog* adj1 (condition* or disease* or damage* or disorder* or impair*)).ti,ab.
((motor-neuron* or gehrig* or charcott* or kennedy*) adj1 disease*).ti,ab.
((@amyotroph* or primary) adj1 lateral* adj1 sclero*).ti,ab.

(bulbar adj1 pals*).ti,ab.

((muscular or muscle* or bulbo) adj1 atroph* adj1 spin*).ti,ab.

(progressiv* adj1 (muscular or muscle*) adj1 atroph*).ti,ab.

((postpolio* or post-polio*) adj1 syndrome?).ti,ab.

(Parkinson* or duchenne* or multiple scleros?s* or aphasia or creutzfeldt-jakob or huntington* or
kluver-bucy).ti,ab.
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39 (muscular adj1 dystroph*).ti,ab.

40 (neuromusc* adj1 (disease* or disorder?)).ti,ab.

41 (heredit* adj1 spastic* adj1 parapleg®).ti,ab.

42 "friedreich* ataxia*".ti,ab.

43 ((multiple system or olivopontocerebellar) adj1 atroph*).ti,ab.

44 (shy-drager syndrome* or striatonigral degenerat* or batten* disease?).ti,ab.
45 (progressive adj1 supranuclear adj1 pals*).ti,ab.

46 (richardson* adj1 (disease? or syndrome?)).ti,ab.

47 ((corticobasal or cortico basal) adj1 degenerat*).ti,ab.

48 (white adj1 matter adj1 disorder?).ti,ab.

49 (metachromatic leukodystroph* or mitochondrial myopath* or mucopolysaccharidos*).ti,ab.
50 (lysosomal adj1 storage adj1 disorder?).ti,ab.

((genetic or William* or catch-22 or rett* or congenital or f?etal alcohol) adj1 (syndrome or
51 disorder*)).ti,ab.

52 (perinatal iliness* or perinatal hypoxia*).ti,ab.

53 (primary adj1 dystonia?).ti,ab.

54 (heredit* adj1 motor* adj1 sens* adj1 neuropath®).ti,ab.
55 (spina bifida? or spinal dysraphism?).ti,ab.

56 conversion disorder/

((functional* or psychogenic* or dissociative*) adj1 neurologic* adj1 (disorder* or dysfunction* or
57 difficult*)).ti,ab.

58 ((movement* or motor* or convers*) adj1 (disorder* or dysfunct*)).ti,ab.

((psychogenic or dissociative or non-epilep* or nonepilep*) adj1 (seizure* or convulsion* or fit or fits or
59 spasm* or attack*)).ti,ab.

60 (pseudo-seizure* or pseudoseizure*®).ti,ab.
61 (medical* adj1 (unexplain® or un-explain*) adj1 symptom?).ti,ab.
62 or/1-61

63 (upper adj2 (limb? or extremit*)).ti,ab.

(arm? or axilla? or elbow? or forearm? or hand? or finger? or thumb? or phalange* or metacarp* or
64 carpal® or shoulder? or wrist?).ti,ab.

(bicep* or tricep* or brachialis or ((abductor® or extensor* or flexor*) adj1 (pollicis or carpi or radialis* or
65 digitorium®))).ti,ab.

66 or/63-65
67 WEARABLE DEVICES/
68 (wear* or worn).ti,ab.

((cloth* or strap* or armband? or waistband? or shorts or trousers or splint*) adj3 (neuromuscular* or
69 function* or electric* or stimulat* or NMES or FES)).ti,ab.

70 ((smart or sensor?) adj3 system?).ti,ab.
71 interactive feedback:.ti,ab.

72 ELECTRICAL STIMULATION/

73 (electric* adj3 (stimulat* or therap*)).ti,ab.
74 ((neural or neuro) adj3 prosthe*).ti,ab.
75 (neuralprosthe* or neuroprosthe*).ti,ab.
76 MOLLILti,ab.

77 ROBOTICS/

78 robot*.ti,ab.

79 (exoskeleton* or exo-skeleton®).ti,ab.
80 (Rex adj3 bionic*).ti,ab.

81 EKSO.ti,ab.

82 (rewalk or Indego).ti,ab.

83 (saebo adj3 (reach or glove or flex)).ti,ab.

84 ((repetitiv* or repeat™ or practice? or practicing) adj3 (task? or skill? or train*)).ti,ab.
85 ((train* or retrain* or relearn*) adj3 (task? or skill?)).ti,ab.

86 or/67-85
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87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

102

103
104
105

106

107

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131

Searches

(vestibular adj3 (exercis* or compensat* or rehab* or therap*)).ti,ab.

((Cawthorne or Cooksey or Brandt or Daroff or Frenkel) adj3 exercis*).ti,ab.

((gaz* or postur®) adj3 stabili* adj3 (exercis* or intervention?)).ti,ab.

(canalith adj3 reposition*).ti,ab.

(optokinetic adj3 train*).ti,ab.

(balanc* adj3 (exercis* or rehab* or therap* or train* or retrain* or program®)).ti,ab.

((shak* or nod* or stare or staring) adj3 exercis*).ti,ab.

((sit* or stand? or standing or reach*) adj3 exercis*).ti,ab.

(perturb* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program*)).ti,ab.
GAIT/ and (EXERCISE THERAPY/ or BODY WEIGHT/ or ROBOTICS/)

(gait adj3 (train* or retrain* or relearn* or rehab* or exercis* or treadmill? or robot* or outdoor?)).ti,ab.
(train* adj3 (body or bodies or weight) adj3 support*).ti,ab.

cal?isthenic™.ti,ab.

(backward? adj3 chain*).ti,ab.

(lower adj2 (limb? or extremit*)).ti,ab.

(ankle? or buttock? or foot or feet? or forefoot or forefeet or metatars* or tarsal* or toe? or hallux or
heel? or hip? or knee? or leg? or thigh?).ti,ab.

(abductor or adductor or articularis genu or biceps femoris or dorsal interosseous or extensor or
fibularis or flexor or gastrocnemius femur or gemellus or gluteus or gracilis or iliac* or iliopsoas or
lumbricals or obturator or pectineus or peroneus or piriformis or plantaris or popliteus or psoas or
quadratus or rectus femoris or sartorius or semimembranosus upper or semitendinosus lower or soleus
posterior or superior gemellus or tensor fasciae latae or tibialis or vastus).ti,ab.

or/101-103
or/67-83

((dual* or multi*) adj3 task? adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or
program* or activit*)).ti,ab.

(multitask* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit®)).ti,ab.

(sensorimotor* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit*)).ti,ab.

neuromodulation.ti,ab.

exp TRANSCRANIAL MAGNETIC STIMULATION/

TRANSCRANIAL DIRECT CURRENT STIMULATION/

(transcranial adj3 (direct* or current* or magnetic*) adj3 stimulat*).ti,ab.

or/110-112

HYDROTHERAPY/

(hydrotherap* or aquatherap®).ti,ab.

((water* or hydro* or aqua* or pool? or ai chi*) adj3 (therap* or rehab* or exercis*)).ti,ab.
(exergam* or gamerci*).ti,ab.

((activ* or exercis* or fitness*) adj3 (game? or gaming or gamificat*)).ti,ab.

(interact* adj1 (fithess™ or exerci*)).ti,ab.

VIRTUAL REALITY/

AUGMENTED REALITY/

((virtual* or augment*) adj3 realit*).ti,ab.

(exercis* adj3 program* adj5 (stabili* or mobili* or limb function* or coordinat*)).ti,ab.
((individual* or tailor*) adj5 exercis* adj3 program®).ti,ab.

((manual* or device? or mechanic*) adj3 (assist* or augment*) adj3 cough*).ti,ab.
((manual* or ventilat* or mechanical*) adj3 (hyperinflation or insufflator* or exsufflator)).ti,ab.
(breath* adj3 stack®).ti,ab.

lung volume recruitment.ti,ab.

(inspirat* adj3 muscl* adj3 train*).ti,ab.

(rehab* adj5 intervention? adj5 (limb? function* or stabilit* or mobilit*)).ti,ab.

87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 106 or 107 or 108 or
109 or 114 or 115 or 116 or 117 or 118 or 119 or 120 or 121 or 122 or 123 or 124 or 125 or 126 or 127
or 128 or 129 or 130
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132 66 and 86

133 104 and 105

134 (66 or 104) and 113

135 or/131-134

136 62 and 135

137 (letter or editorial or comment reply).dt. or case report/

138 (letter or comment*).ti.

139 or/137-138

140 exp randomized controlled trial/

141 random®.ti,ab.

142 or/140-141

143 139 not 142

144 animal.po.

145 (rat or rats or rodent* or mouse or mice).ti.

146 or/143-145

147 136 not 146

148 limit 147 to english language

149 limit 148 to yr="2013 -Current"

150 (meta analysis or "systematic review").md.

151 META ANALYSIS/

152 SYSTEMATIC REVIEW/

153 (meta analy* or metanaly* or metaanaly*).ti,ab.

154 ((systematic* or evidence*) adj2 (review* or overview*)).ti,ab.
155 (reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.
156 (search strategy or search criteria or systematic search or study selection or data extraction).ab.
157 (search* adj4 literature).ab.

158 ((pool* or combined) adj2 (data or trials or studies or results)).ab.

(medline or pubmed or cochrane or embase or psychlit or psyclit or cinahl or science citation index or
159 bids or cancerlit).ab.

160 or/150-159

161 clinical trial.md.

162 Clinical trials/

163 Randomized controlled trials/
164 Randomized clinical trials/
165 assign*.ti,ab.

166 allocat*.ti,ab.

167 crossover*.ti,ab.

168 cross over*.ti,ab.

169 ((doubl* or singl*) adj blind*).ti,ab.
170 factorial*.ti,ab.

171 placebo*.ti,ab.

172 random®.ti,ab.

173 volunteer*.ti,ab.

174 trial?.ti,ab.

175 or/161-174

EPIDEMIOLOGY/ or PROSPECTIVE STUDIES/ or RETROSPECTIVE STUDIES/ or COHORT
176 ANALYSIS/ or FOLLOWUP STUDIES/ or exp CLINICAL TRIALS/

177 (control and study).mp.
178 program.mp.
179 or/176-178

(adolescence 13 17 yrs or childhood birth 12 yrs or infancy 2 23 mo or neonatal birth 1 mo or preschool
180 age 2 5 yrs or school age 6 12 yrs).ag.

181 Pediatrics/ or Puberty/ or Adolescence/
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(child* or adolescen* or baby or babies or boy? or girl? or infan* or juvenile? or kid? or kindergar* or
minors or neonat* or newborn? or p?ediatric* or prepubert* or pre pubert* or prepubescen* or pre
pubescen* or preschool* or pre school* or preteen* or pre teen* or pubert* or pubescen* or

182 schoolchild* or school age? or teen* or toddler* or young or youth?).ti,ab.

(child* or adolescen* or baby or babies or infan* or juvenile? or kindergar* or neonat* or newborn? or
183 p?ediatric* or prepubert* or pre pubert* or pubert* or schoolchild* or school age?).jw.

184 or/180-183

185 149 and (160 or 175)

186 149 and 179 and 184

187 or/185-186

188 limit 187 to ("0100 journal" or "0110 peer-reviewed journal")

Databases: Social policy and practice

Date of last search: 27/03/2024

((brain* or cereb* or craniocereb* or cranial or intracrani* or neurocognit*) adj2 (injur* or trauma* or
damage* or disease*1 or disorder* or infect* or h?emorrhag* or neoplasm* or cancer* or tumo?r* or
1 insult* or impair* or ischemi* or infarcti* or hypoxi* or drown*)).ti,ab.

((brain* or cereb* or craniocereb* or cranial or intracrani* or neurocognit*) and (injur* or trauma* or
damage* or disease* or disorder* or infect* or h?emorrhag* or neoplasm* or cancer* or tumo?r* or
insult* or impair* or ischemi* or infarcti* or hypoxi* or drown*)).hw.

3 (chronic* adj1 trauma* adj2 encephalopath*).ti,ab.
4 (chronic* and trauma* and encephalopath*).hw.

((infratentorial* or supratentorial* or hypothalam* or pituitar* or choroid plexus) adj2 (neoplasm* or
5 cancer* or tumo?r* or carcinom* or adenocarcinom*)).ti,ab.

((infratentorial* or supratentorial* or hypothalam* or pituitar* or choroid plexus) and (neoplasm* or
cancer* or tumo?r* or carcinom* or adenocarcinom®)).hw.

(brain* adj2 abscess*).ti,ab.
(brain* and abscess*).hw.
(carotid arter* adj2 (disease* or injur*)).ti,ab.

= © 00 N O

0 (carotid arter* and (disease* or injur*)).hw.

*n

("basal ganglia disease*" or encephalitis or meningoencephalitis or hydrocephal* or "paraneoplastic
11 cereb* degenerat™ or "shak* baby syndrome*").ti,ab.

("basal ganglia disease*" or encephalitis or meningoencephalitis or hydrocephal* or "paraneoplastic
12 cereb* degenerat™ or "shak* baby syndrome*").hw.

(stroke? adj3 (p?ediatric* or child* or adolescen* or kid or kids or youth* or youngster* or minor or

minors or underage* or under-age* or "under age*" or teen or teens or teenager* or juvenile* or boy or

boys or boyhood or girl or girls or girlhood or schoolchild* or "school age*" or schoolage* or "under 16"
13 or "under sixteen*")).ti,ab.

(stroke? and (p?ediatric* or child* or adolescen* or kid or kids or youth* or youngster* or minor or

minors or underage* or under-age* or "under age*" or teen or teens or teenager* or juvenile* or boy or

boys or boyhood or girl or girls or girlhood or schoolchild* or "school age*" or schoolage* or "under 16"
14 or "under sixteen*")).hw.

((spinal* or spine?) adj2 (injur* or trauma* or tumo?r* or neoplasm* or cancer* or infect* or insult* or
disease? or disorder* or degenrat* or compress* or vascular* or ischemi* or ischaemi* or infarct* or
15 h?emorrhag*)).ti,ab.

((spinal* or spine?) and (injur* or trauma* or tumo?r* or neoplasm* or cancer* or infect* or insult* or
disease? or disorder* or degenrat* or compress* or vascular* or ischemi* or ischaemi* or infarct* or
16 h?emorrhag®)).hw.

17 (Central cord syndrome* or transverse myelitis).ti,ab.
18 (Central cord syndrome* or transverse myelitis).hw.
19 (epidural* adj2 (neoplasm* or cancer* or tumo?r* or abscess*)).ti,ab.
20 (epidural* and (neoplasm* or cancer* or tumo?r* or abscess*)).hw.

((spinal* or spine?) adj2 (viral* or virus* or polio* or acquired immunodeficiency syndrome or AIDS or
21 HIV or bacterial* or neurosyphili* or neuro-syphili* or tubercul*)).ti,ab.

((spinal* or spine?) and (viral* or virus* or polio* or acquired immunodeficiency syndrome or bacterial*
22 or neurosyphili* or neuro-syphili* or tubercul*)).hw.
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23

24
25
26

27

28
29
30
31
32

33

34
35
36
37
38

39

40

41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

65

Searches

((periph* or cranial*) adj1 (nerve? or nervous system) adj2 (injur* or trauma* or disorder* or disease* or
damage* or neoplasm* or cancer* or tumo?r* or inflamm®* or autoimmun* or paraneoplastic* or
neuropath* or syndrome?)).ti,ab.

((periph* or cranial*) and (nerve? or nervous system) and (injur* or trauma* or disorder* or disease* or
damage* or neoplasm* or cancer* or tumo?r* or inflamm* or autoimmun* or paraneoplastic* or
neuropath* or syndrome?)).hw.

(Guillain* adj1 Barr*).ti,ab.
(Guillain* and Barr*).hw.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 injur*).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) and nerve* and injur®).hw.

(optic* adj1 nerve* adj2 (neoplasm* or cancer* or tumo?r)).ti,ab.
(optic* and nerve* and (neoplasm* or cancer* or tumo?r*)).hw.
(brachial plexus adj1 (neuropath* or neuritis)).ti,ab.

(brachial plexus and (neuropath* or neuritis)).hw.

(complex regional pain syndrome* or causalgia or mononeuropath* or nerve compression
syndrome*).ti,ab.

(complex regional pain syndrome* or causalgia or mononeuropath* or nerve compression
syndrome*).hw.

((femoral or median or peroneal or radial or sciatic or tibial or ulnar) adj1 neuropath*).ti,ab.
((femoral or median or peroneal or radial or sciatic or tibial or ulnar) and neuropath*).hw.
((carpal-tunnel or piriformis-muscle or tarsal-tunnel or thoracic-outlet) adj1 syndrome*).ti,ab.
((carpal-tunnel or piriformis-muscle or tarsal-tunnel or thoracic-outlet) and syndrome*).hw.

(pudendal neuralgia or polyneuropath* or polyradiculoneuropath* or polyradiculopath* or
radiculopath®).ti,ab.

(pudendal neuralgia or polyneuropath* or polyradiculoneuropath* or polyradiculopath* or
radiculopath*).hw.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) adj1 nerve* adj1 disease*).ti,ab.

((abducen* or accessory or facial or glossopharyngeal or hypoglossal or oculomotor or ocular motility
or olfactory or optic* or trigeminal or trochlear or vestibulocochlear) and nerve* and disease*).hw.

(periph* adj2 neuropath*).ti,ab.

(periph* and neuropath®).hw.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and lupus).ti,ab.
((periph* or cranial*) and (nerve? or nervous system) and lupus).hw.
((multi-focal* or multifocal*) adj2 motor adj1 neuropath®).ti,ab.
((multi-focal* or multifocal*) and motor and neuropath*).hw.

(((periph* or cranial*) adj2 (nerve? or nervous system)) and alcohol*).ti,ab.
((periph* or cranial*) and (nerve? or nervous system) and alcohol*).hw.
(neurolog* adj1 (condition* or disease* or damage* or disorder* or impair*)).ti,ab.
(neurolog* and (condition* or disease* or damage* or disorder* or impair*)).hw.
((motor-neuron* or gehrig* or charcott* or kennedy*) adj1 disease*).ti,ab.
((motor-neuron* or gehrig* or charcott* or kennedy*) and disease*).hw.
((@amyotroph* or primary) adj1 lateral* adj1 sclero*).ti,ab.

((@amyotroph* or primary) and lateral* and sclero*).hw.

(bulbar adj1 pals*).ti,ab.

(bulbar and pals*).hw.

((muscular or muscle* or bulbo) adj1 atroph* adj1 spin*).ti,ab.

((muscular or muscle* or bulbo) and atroph* and spin*).hw.

(progressiv* adj1 (muscular or muscle*) adj1 atroph*).ti,ab.

(progressiv* and (muscular or muscle*) and atroph*).hw.

((postpolio* or post-polio*) adj1 syndrome?).ti,ab.

((postpolio* or post-polio*) and syndrome?).hw.

(Parkinson* or duchenne* or multiple scleros?s* or aphasia or creutzfeldt-jakob or huntington* or
kluver-bucy).ti,ab.
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# Searches

(Parkinson* or duchenne* or multiple scleros?s* or aphasia or creutzfeldt-jakob or huntington* or
66 kluver-bucy).hw.

67 (muscular adj1 dystroph*).ti,ab.

68 (muscular adj1 dystroph*).hw.

69 (neuromusc* adj1 (disease* or disorder?)).ti,ab.
70 (neuromusc* adj1 (disease* or disorder?)).hw.
71 (heredit* adj1 spastic* adj1 parapleg*).ti,ab.

72 (heredit* and spastic* and parapleg*).hw.

73 "friedreich* ataxia*".ti,ab.

74 "friedreich* ataxia™".hw.

75 ((multiple system or olivopontocerebellar) adj1 atroph*).ti,ab.

76 ((multiple system or olivopontocerebellar) and atroph*).hw.

77 (shy-drager syndrome* or striatonigral degenerat* or batten* disease?).ti,ab.

78 (shy-drager syndrome* or striatonigral degenerat* or batten* disease?).hw.

79 (progressive adj1 supranuclear adj1 pals*).ti,ab.

80 (progressive and supranuclear and pals*).hw.

81 (richardson* adj1 (disease? or syndrome?)).ti,ab.

82 (richardson* and (disease? or syndrome?)).hw.

83 ((corticobasal or cortico basal) adj1 degenerat*).ti,ab.

84 ((corticobasal or cortico basal) and degenerat*).hw.

85 (white adj1 matter adj1 disorder?).ti,ab.

86 (white and matter and disorder?).hw.

87 (metachromatic leukodystroph* or mitochondrial myopath* or mucopolysaccharidos®).ti,ab.
88 (metachromatic leukodystroph* or mitochondrial myopath* or mucopolysaccharidos*®).hw.
89 (lysosomal adj1 storage adj1 disorder?).ti,ab.

90 (lysosomal and storage and disorder?).hw.

((genetic or William* or catch-22 or rett* or congenital or f?etal alcohol) adj1 (syndrome or
91 disorder®)).ti,ab.

92 ((genetic or William* or congenital or f?etal alcohol) and (syndrome or disorder*)).hw.
93 (perinatal iliness* or perinatal hypoxia*).ti,ab.
94 (perinatal illness* or perinatal hypoxia*).hw.

95 (primary adj1 dystonia?).ti,ab.

96 (primary and dystonia?).hw.

97 (heredit* adj1 motor* adj1 sens* adj1 neuropath*).ti,ab.
98 (heredit* and motor* and sens* and neuropath*).hw.
99 (spina bifida? or spinal dysraphism?).ti,ab.

100 (spina bifida? or spinal dysraphism?).hw.

((functional* or psychogenic* or dissociative*) adj1 neurologic* adj1 (disorder* or dysfunction* or
101 difficult®)).ti,ab.

((functional* or psychogenic* or dissociative*) and neurologic* and (disorder* or dysfunction* or
102 difficult*)).hw.

103 ((movement* or motor* or convers*) adj1 (disorder* or dysfunct*)).ti,ab.
104 ((movement* or motor* or convers*) and (disorder* or dysfunct*)).hw.

((psychogenic or dissociative or non-epilep* or nonepilep*) adj1 (seizure* or convulsion* or fit or fits or
105 spasm* or attack*)).ti,ab.

((psychogenic or dissociative or non-epilep* or nonepilep*) and (seizure* or convulsion* or fit or fits or
106 spasm* or attack*)).hw.

107 (pseudo-seizure* or pseudoseizure®).ti,ab.

108 (pseudo-seizure* or pseudoseizure®).hw.

109 (medical* adj1 (unexplain* or un-explain*) adj1 symptom?).ti,ab.
110 (medical* and (unexplain* or un-explain*) and symptom?).hw.
111 or/1-110

112 (upper adj2 (limb? or extremit*)).ti,ab.

113 (upper and (limb? or extremit*)).hw.
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(arm? or axilla? or elbow? or forearm? or hand? or finger? or thumb? or phalange* or metacarp* or
114 carpal® or shoulder? or wrist?).ti,ab.

(arm? or axilla? or elbow? or forearm? or hand? or finger? or thumb? or phalange* or metacarp* or
115 carpal* or shoulder? or wrist?).hw.

(bicep* or tricep* or brachialis or ((abductor* or extensor* or flexor*) adj1 (pollicis or carpi or radialis* or
116 digitorium®))).ti,ab.

(bicep* or tricep* or brachialis or ((abductor® or extensor* or flexor*) and (pollicis or carpi or radialis* or
117 digitorium*))).hw.

118 or/112-117
119 (wear* or worn).ti,ab.
120 (wear* or worn).hw.

((cloth* or strap* or armband? or waistband? or shorts or trousers or splint*) adj3 (neuromuscular* or
121 function* or electric* or stimulat* or NMES or FES)).ti,ab.

((cloth* or strap* or armband? or waistband? or shorts or trousers or splint*) and (neuromuscular* or
122 function* or electric* or stimulat* or NMES or FES)).hw.

123 ((smart or sensor?) adj3 system?).ti,ab.

124 ((smart or sensor?) and system?).hw.

125 interactive feedback:.ti,ab.

126 interactive feedback.hw.

127 (electric* adj3 (stimulat* or therap*)).ti,ab.

128 (electric* and (stimulat® or therap*)).hw.

129 ((neural or neuro) adj3 prosthe*).ti,ab.

130 ((neural or neuro) and prosthe*).hw.

131 (neuralprosthe* or neuroprosthe*).ti,ab.

132 (neuralprosthe* or neuroprosthe*).hw.

133 MOLLILti,ab.

134 MOLLIILhw.

135 robot*.ti,ab.

136 robot*.hw.

137 (exoskeleton* or exo-skeleton®).ti,ab.

138 (exoskeleton* or exo-skeleton*).hw.

139 (Rex adj3 bionic*).ti,ab.

140 (Rex and bionic*).hw.

141 EKSO.ti,ab.

142 EKSO.hw.

143 (rewalk or Indego).ti,ab.

144 (rewalk or Indego).hw.

145 (saebo adj3 (reach or glove or flex)).ti,ab.

146 (saebo and (reach or glove or flex)).hw.

147 ((repetitiv* or repeat™ or practice? or practicing) adj3 (task? or skill? or train*)).ti,ab.
148 ((repetitiv* or repeat™ or practice? or practicing) and (task? or skill? or train*)).hw.
149 ((train* or retrain* or relearn*) adj3 (task? or skill?)).ti,ab.

150 ((train* or retrain® or relearn*) and (task? or skill?)).hw.

151 or/119-150

152 (vestibular adj3 (exercis* or compensat* or rehab* or therap*)).ti,ab.

153 (vestibular and (exercis* or compensat* or rehab* or therap*)).hw.

154 ((Cawthorne or Cooksey or Brandt or Daroff or Frenkel) adj3 exercis*).ti,ab.
155 ((Cawthorne or Cooksey or Brandt or Daroff or Frenkel) and exercis*).hw.
156 ((gaz* or postur*) adj3 stabili* adj3 (exercis* or intervention?)).ti,ab.

157 ((gaz* or postur*) and stabili* and (exercis* or intervention?)).hw.

158 (canalith adj3 reposition*).ti,ab.

159 (canalith and reposition*).hw.

160 (optokinetic adj3 train*).ti,ab.

161 (optokinetic and train*).hw.
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162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

180

181

182

183
184
185

186

187

188
189

190

191
192
193
194
195
196
197
198
199
200
201
202
203

Searches

(balanc* adj3 (exercis* or rehab* or therap* or train* or retrain* or program®)).ti,ab.

(balanc* and (exercis* or rehab* or therap* or train* or retrain* or program®)).hw.

((shak* or nod* or stare or staring) adj3 exercis*).ti,ab.

((shak* or nod* or stare or staring) and exercis*).hw.

((sit* or stand? or standing or reach*) adj3 exercis*).ti,ab.

((sit* or stand? or standing or reach*) and exercis*).hw.

(perturb* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program*)).ti,ab.
(perturb* and (train* or practic* or exercis* or rehab* or therap* or retrain* or program*)).hw.

(gait adj3 (train* or retrain* or relearn* or rehab* or exercis* or treadmill? or robot* or outdoor?)).ti,ab.
(gait and (train* or retrain* or relearn* or rehab* or exercis* or treadmill? or robot* or outdoor?)).hw.
(train* adj3 (body or bodies or weight) adj3 support*).ti,ab.

(train* and (body or bodies or weight) and support*).hw.

cal?isthenic™.ti,ab.

cal?isthenic*.hw.

(backward? adj3 chain*).ti,ab.

(backward? and chain*).hw.

(lower adj2 (limb? or extremit*)).ti,ab.

(lower and (limb? or extremit*)).hw.

(ankle? or buttock? or foot or feet? or forefoot or forefeet or metatars* or tarsal* or toe? or hallux or
heel? or hip? or knee? or leg? or thigh?).ti,ab.

(ankle? or buttock? or foot or feet? or forefoot or forefeet or metatars* or tarsal* or toe? or hallux or
heel? or hip? or knee? or leg? or thigh?).hw.

(abductor or adductor or articularis genu or biceps femoris or dorsal interosseous or extensor or
fibularis or flexor or gastrocnemius femur or gemellus or gluteus or gracilis or iliac* or iliopsoas or
lumbricals or obturator or pectineus or peroneus or piriformis or plantaris or popliteus or psoas or
quadratus or rectus femoris or sartorius or semimembranosus upper or semitendinosus lower or soleus
posterior or superior gemellus or tensor fasciae latae or tibialis or vastus).ti,ab.

(abductor or adductor or articularis genu or biceps femoris or dorsal interosseous or extensor or
fibularis or flexor or gastrocnemius femur or gemellus or gluteus or gracilis or iliac* or iliopsoas or
lumbricals or obturator or pectineus or peroneus or piriformis or plantaris or popliteus or psoas or
quadratus or rectus femoris or sartorius or semimembranosus upper or semitendinosus lower or soleus
posterior or superior gemellus or tensor fasciae latae or tibialis or vastus).hw.

or/178-183
or/119-146

((dual* or multi*) adj3 task? adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or
program* or activit*)).ti,ab.

((dual* or multi*) and task? and (train* or practic* or exercis* or rehab* or therap* or retrain* or
program* or activit*)).hw.

(multitask* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit®)).ti,ab.

(multitask* and (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or activit®)).hw.

(sensorimotor* adj3 (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit®)).ti,ab.

(sensorimotor* and (train* or practic* or exercis* or rehab* or therap* or retrain* or program* or
activit*)).hw.

neuromodulation.ti,ab.

neuromodulation.hw.

(transcranial adj3 (direct* or current* or magnetic*) adj3 stimulat*).ti,ab.

((transcranial and (direct* or current* or magnetic*)) and stimulat*).hw.

or/194-195

(hydrotherap* or aquatherap®).ti,ab.

(hydrotherap* or aquatherap®).hw.

((water* or hydro* or aqua* or pool? or ai chi*) adj3 (therap* or rehab* or exercis*)).ti,ab.
((water* or hydro* or aqua* or pool? or ai chi*) and (therap* or rehab* or exercis*)).hw.
(exergam* or gamerci*).ti,ab.

(exergam™ or gamerci*).hw.

((activ* or exercis* or fitness*) adj3 (game? or gaming or gamificat*)).ti,ab.
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204 ((activ* or exercis* or fitness*) and (game? or gaming or gamificat*)).hw.

205 (interact* adj1 (fitness™ or exerci*)).ti,ab.

206 (interact* and (fitness* or exerci*)).hw.

207 ((virtual* or augment*) adj3 realit*).ti,ab.

208 ((virtual* or augment*) and realit*).hw.

209 (exercis* adj3 program* adj5 (stabili* or mobili* or limb function* or coordinat*)).ti,ab.
210 (exercis* and program* and (stabili* or mobili* or limb function* or coordinat*)).hw.
211 ((individual* or tailor*) adj5 exercis* adj3 program*).ti,ab.

212 ((individual* or tailor*) and exercis* and program*).hw.

213 (cough* adj3 augment* adj3 technique?).ti,ab.

214 (cough* and augment* and technique?).hw.

215 ((manual* or device? or mechanic*) adj3 (assist* or augment*) adj3 cough*).ti,ab.
216 ((manual* or device? or mechanic*) and (assist* or augment*) and cough*).hw.

217 ((manual* or ventilat* or mechanical*) adj3 (hyperinflation or insufflator* or exsufflator)).ti,ab.
218 ((manual* or ventilat* or mechanical*) and (hyperinflation or insufflator* or exsufflator)).hw.
219 (breath* adj3 stack*).ti,ab.

220 (breath* and stack*).hw.

221 lung volume recruitment.ti,ab.

222 lung volume recruitment.hw.

223 (inspirat* adj3 muscl* adj3 train*).ti,ab.

224 (inspirat* and muscl* and train*).hw.

225 (rehab* adj5 intervention? adj5 (limb? function* or stabilit* or mobilit*)).ti,ab.

226 (rehab* and intervention? and (limb? function* or stabilit* or mobilit*)).hw.

152 or 153 or 154 or 155 or 156 or 157 or 158 or 159 or 160 or 161 or 162 or 163 or 164 or 165 or 166

or 167 or 168 or 169 or 170 or 171 or 172 or 173 or 174 or 175 or 176 or 177 or 186 or 187 or 188 or

189 or 190 or 191 or 192 or 193 or 197 or 198 or 199 or 200 or 201 or 202 or 203 or 204 or 205 or 206

or 207 or 208 or 209 or 210 or 211 or 212 or 213 or 214 or 215 or 216 or 217 or 218 or 219 or 220 or
227 221 or 222 or 223 or 224 or 225 or 226

228 118 and 151

229 184 and 185

230 (118 or 229) and 196

231 or/227-230

232 111 and 231

233 limit 232 to yr="2013 -Current"
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Appendix C Effectiveness study selection

Study selection for: What is the effectiveness of interventions and approaches
for improving and sustaining stability, mobility and upper limb functioning for
people with chronic neurological disorders?

Figure 1: Study selection flow chart

Records identified through database searching Additional records identified through other sources
n = 9657 n=23

Total records imported Records removed as duplicates
n = 9680 n = 4762

: . Records excluded
Records screened in 1st sift n = 3928

Screening on title and abstract ;
n = 4918 - 3927 : Exclude

- 1: Duplicate

Records excluded
n=2912
- 2 :Paper unavailable

- 10: Puglication type

- 4 : Study design (CYP)

2 . - 115 : Intervention
Records screened in 1st sift - 21 : Comparator

Screening on full text - 71 : Outcomes

] - 103 : Study design (adults)
- 13 : Other protocol criteria
- 98 : Population
- 6:Duplicate
- 367 : Country
- 102 : Publication date

Records included in review
n=78
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Appendix D Evidence tables

Evidence tables for review question: What is the effectiveness of interventions and approaches for improving and sustaining
stability, mobility and upper limb functioning for people with chronic neurological disorders?
Table 4: Evidence tables

Arntzen, 2020

Bibliographic Arntzen, Ellen Christin; Straume, Bjorn; Odeh, Francis; Feys, Peter; Normann, Britt; Group-based, individualized,

Reference comprehensive core stability and balance intervention provides immediate and long-term improvements in walking in
individuals with multiple sclerosis: A randomized controlled trial.; Physiotherapy research international: the journal for
researchers and clinicians in physical therapy; 2020; vol. 25 (no. 1); e1798

Study details

Countryl/ies where Norway
study was carried out

Study type Randomised controlled trial (RCT)
Study dates August 2015 - September 2016
Inclusion criteria - Diagnosis of multiple sclerosis in accordance with McDonald criteria,

- Registered at the multiple sclerosis outpatient clinic,

- Living in one of the six selected municipalities,

- Aged 18 years or older,

- Capable of providing signed written informed consent,

- Expanded Disability Status Scale value between 1 and 6.5 (1 being minor disability and 6.5 being able to walk 20
metres with or without a walking aid).
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Exclusion criteria - Pregnancy at the time of examination,
- Exacerbation within 2 weeks prior to enrolment,

- Other acute conditions resulting in compromised balance (such as acute neurological conditions, including stroke).

Patient N=80 adults with multiple sclerosis
characteristics -
- Core stability and balance programme: n=40

- Standard care: n=40

Age in years [Mean (SD)]:
- Core stability and balance programme: 52.2 (12.9)
- Standard care: 48 (8.75)

Sex (M/F):
- Core stability and balance programme: n=12/n=27

- Standard care: n=11/n=29

Time since diagnosis in years [Mean (SD)]:
- Core stability and balance programme: 10.04 (7.85)
- Standard care: 10.68 (7.27)

Chronic neurological disorder category: Progressive neurological diseases

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
134



FINAL

Stability, mobility and upper limb function

Intervention(s)/control

Note: Data presented relate to number of participants analysed (core stability and balance programme n=39; standard
care n=40).

Intervention

Name: Core stability and balance programme (GroupCoreDIST)
Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises
Delivery setting: Outpatient clinic (group sessions of n=3 participants) and community (participant home)

Number/frequency of sessions: Group sessions of 60-minutes, 3x per week in outpatient clinic; and individual sessions
of 30 minutes, 2x per week (in participant's own home)

Duration: 6 weeks
Practitioner(s): Physical therapists

Programme comprised of 33 specific exercises (with variations) addressing dynamic core stability.

Control

Name: Standard care
Protocol description: Control (usual care)
Delivery setting: Community

Number/frequency of sessions: Not applicable

Duration: 6 weeks
Practitioner(s): Not applicable

Participants were encouraged to maintain regular activities and told that they could access physical therapy/health care
as needed. A number of participants accessed physical therapy during the trial which was provided for free to people
with multiple sclerosis in Norway at the time that the study was conducted.
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Duration of follow-up 23 weeks follow-up (30 weeks from baseline)
Sources of funding Not industry funded

Sample size N=80
- Core stability and balance programme: n=40

- Standard care: n=40

Other information 10MWT test also performed at a slow pace but not extracted as does not appear to be validated in these conditions.
N/n: number of participants; RCT: randomised controlled trial; SD: standard deviation; TOMWT: 10 metre walk test

Outcomes
Study timepoints
o Baseline
o Post-intervention (7 weeks from baseline)
o 11 weeks follow-up (18 weeks from baseline)

o 23 weeks follow-up (30 weeks from baseline)

Core stability and balance intervention versus standard care: Gait and balance
Gait and balance as measured by RVGA - Polarity - Lower values are better

Gait as measured by 10OMWT - preferred speed - Polarity - Higher values are better
Gait as measured by 10OMWT - fast speed - Polarity - Higher values are better

Gait as measured by MSWS-12 - Polarity - Lower values are better
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Outcome Core stability and Core stability and Core stability and Standard care, Standard care, Standard care,
balance programme, balance programme, balance programme, Post-intervention 11 weeks 23 weeks
Post-intervention vs 11 weeks follow-up vs 23 weeks follow-up vs vs Baseline, N= follow-up vs follow-up vs
Baseline, N = 39 Baseline, N = 39 Baseline, N = 37 40 Baseline, N = 36 Baseline, N = 37

RVGA -1.08 (3.65) -0.42 (3.66) -0.04 (3.77) 1.55 (2.87) 1.01 (2.88) 1.38 (2.91)

Mean (SD)

10MWT -  -0.37 (2.23) -0.14 (2.19) -0.3 (2.25) 0.27 (1.25) 0.27 (1.3) 0.27 (1.34)

preferred

speed

Mean (SD)

10MWT -  -0.83 (1.83) -0.77 (1.88) -0.58 (1.85) 0.09 (1.23) 0.06 (1.26) 0.2 (1.33)

fast speed

Mean (SD)

MSWS-12 -5.48 (19.98) -1.97 (20.29) -0.24 (20.2) 1.1 (19.81) 2.84 (19.89) 0.44 (20.22)

Mean (SD)

MSWS-12: multiple sclerosis walking scale-12; N/n: number of participants; RVGA: Rivermead visual gait assessment; SD: standard deviation;, 10MWT: 10 metre walk test

Core stability and balance intervention versus standard care: Exercise capacity

Exercise capacity as measured by 2MWT - Polarity - Higher values are better
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Outcome Core stability and Core stability and Core stability and Standard care, Standard care, Standard care,
balance programme, balance programme, balance programme, Post-intervention 11 weeks follow- 23 weeks
Post-intervention vs 11 weeks follow-up vs 23 weeks follow-up vs vs Baseline, N= up vs Baseline, follow-up vs
Baseline, N = 39 Baseline, N = 39 Baseline, N = 37 40 N =36 Baseline, N =37

2MWT  21.05(33.7) 22.59 (34.44) 20.77 (33.43) -1.02 (28.63) 2.13 (29.88) -1 (31.33)

Mean

(SD)

N/n: number of participants; 2MWT: 2 minute walk test

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (External, web-based randomisation (stratified on the basis of Expanded
Disability Status Scale) with electronic concealment was used. Unable to
determine potential imbalances between randomised participants at baseline
as characteristics are only presented for participants analysed rather than

randomised.)
Domain 2a: Risk of bias due to Risk of bias for deviations Some concerns
deviations from the intended from the intended (Participants and personnel were aware of the assigned intervention and there
interventions (effect of interventions (effect of appear to have been deviations which arose due to the experimental context
assignment to intervention) assignment to intervention) (20% of participants in the control group accessed physical therapy during the

intervention period). Intention-to-treat analysis reported.)

Domain 3. Bias due to missing Risk-of-bias judgement for Low
outcome data missing outcome data (Only 1 participant (in the intervention group) was excluded from the final
analysis due to missing outcome data.)

Domain 4. Bias in measurement  Risk-of-bias judgement for High
of the outcome measurement of the outcome (All measures validated and commonly used tools. MSWS-12 (high): Likely

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
138



FINAL
Stability, mobility and upper limb function

Section Question

Domain 5. Bias in selection of the Risk-of-bias judgement for
reported result selection of the reported result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

Answer

that assessment outcome could be influenced by knowledge of allocation as is
a self-reported measure by unblinded participants and control is not an active
intervention. 10MWT (preferred speed), TOMWT (fast speed), RVGA, 2MWT
(low): Outcome assessors were blind to allocation such that objective
measurements of distance time, and so on were unlikely influenced by
knowledge of intervention received.)

Low

(Published protocol available; all relevant scales, time points and analysis
results reported.)

High
Directly applicable
MSWS-12 - risk of bias overall rating of high; 10MWT (preferred speed),

10MWT (fast speed), RVGA, 2MWT - risk of bias overall rating of some
concerns.

MSWS-12: multiple sclerosis walking scale-12; RVGA: Rivermead visual gait assessment; 2MWT: 2 minute walk test; 10MWT: 10 metre walk test

Bello, 2013

Bibliographic Bello, O; Sanchez, J A; Lopez-Alonso, V; Marquez, G; Morenilla, L; Castro, X; Giraldez, M; Santos-Garcia, D; Fernandez-del-
Reference Olmo, M; The effects of treadmill or overground walking training program on gait in Parkinson's disease.; Gait & posture;

2013; vol. 38 (no. 4); 590-5

Study details

Country/ies where Spain
study was carried out
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Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient
characteristics

Randomised controlled trial (RCT)
Not reported

- Had Parkinson’s disease (no further details about diagnostic requirements),

- Able to walk for 10-minutes without stopping, walking aids or assistance.

- Past history of neurological conditions apart from Parkinson’s disease,
- Orthopaedic or visual disturbance that impacted on walking ability,

- Signs of cardiovascular or autonomic dysfunction following graded exercise testing.

N=22 adults with Parkinson’s disease
- Treadmill training: n=11

- Overground training: n=11

Age in years [Mean (SD)]:
- Treadmill training: 59.45 (11.32)
- Overground training: 58.00 (9.38)

Sex (M/F):
- Treadmill training: n=7/n=4

- Overground training: n=6/n=5

Time since diagnosis in years [Mean (SD)]:

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

140



FINAL
Stability, mobility and upper limb function

- Treadmill training: 4.82 (3.28)
- Overground training: 4.95 (2.59)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Treadmill training
Protocol intervention group: Rehabilitation interventions to address mobility — Gait training
Delivery setting: Not reported
Number/frequency of sessions: 3 sessions per week
Duration: 5 weeks
Practitioner(s): Supervised by a neurologist and physical therapist

Treadmill training which during the first week involved 4 rounds of 4-minute walking on a treadmill with 3-minute breaks
between rounds and then a further round of 4 minutes of walking added per week. Walking speed stayed the same
throughout based on initial individual preferences at first visit. Treadmill walking was performed without bodyweight
support, with a safety harness and hands on handrails at all times.

Control

Name: Overground training

Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Indoor facility 60 metres long and 10 metres wide
Number/frequency of sessions: 3 sessions per week

Duration: 5 weeks

Practitioner(s): Supervised by a neurologist and physical therapist
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Identical protocol as the intervention apart from the walking speed controlled by audio cues from an MP3 device whereby
10 metres (marked by cones at the side of the walkway) was walked between each audio cue. The pace of the audio cue
was altered based on individual speed preferences.

Duration of follow-up Post-intervention (5 weeks from baseline)
Sources of funding Not industry funded

Sample size N=22
- Treadmill training: n=11

- Overground training: n=11

Other information All testing and training were undertaken when participants were on medication.

4-minute walking test (measure of exercise capacity) also reported but not extracted as does not appear to be validated
in Parkinson's disease.
MP3: MPEG audio layer-3; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (5 weeks from baseline)

Treadmill training versus overground training: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait as measured by 10MWT (maximal speed) - Polarity - Higher values are better
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Outcome Treadmill training, Post-intervention vs Baseline, N = Overground training, Post-intervention vs Baseline, N =
1 1

TUG -1.61 (1.17) 0.13 (0.45)

Mean (SD)

10MWT (maximal 0.06 (0.094) -0.02 (0.066)

speed)

Mean (SD)

m/s: metres per second; N/n: number of participants; SD: standard deviation;, TUG: timed up and go test; TOMWT: 10 metre walk test

Treadmill training versus overground training: Limb/joint/muscle function

Motor functioning as measured by UPDRS Il - Polarity - Lower values are better

Outcome Treadmill training, Post-intervention vs Baseline, N = 11 Overground training, Post-intervention vs Baseline, N = 11
UPDRS Ill 2.63 (1.84) -3.89 (1.88)
Mean (SD)

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3

Critical appraisal — Cochrane RoB 2
Section Question Answer

Domain 1: Bias arising from the Risk of bias judgement for the Some concerns
randomisation process randomisation process (No information provided on allocation randomisation or concealment.
Baseline characteristics do not appear to be imbalanced.)
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Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of assignment
to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement of
the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question
Risk of bias for deviations from
the intended interventions

(effect of assignment to
intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Some concerns

(No information provided on whether participants or personnel were blinded,
however, there is no reason to suspect any deviation that arose due to the
experimental context. No information if intention-to-treat analysis was
performed.)

Low
(It is likely that outcome data were available for all participants randomised.)

Some concerns

(No information provided about whether outcome assessors were aware of
allocation, while there is a possibility that assessment of outcome was
influenced by knowledge of intervention received, this was not likely due to
the standardised protocol for assessments and objective nature of tasks
performed.)

Some concerns
(No information on protocol or pre-specified analysis plan)

High
Directly applicable

Not applicable

Berra, 2018
Bibliographic Berra, Eliana; De Icco, Roberto; Avenali, Micol; Dagna, Carlotta; Cristina, Silvano; Pacchetti, Claudio; Fresia, Mauro; Sandrini,
Reference Giorgio; Tassorelli, Cristina; Body Weight Support Combined With Treadmill in the Rehabilitation of Parkinsonian Gait: A

Review of Literature and New Data From a Controlled Study.; Frontiers in neurology; 2018; vol. 9; 1066
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Study details

Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Diagnosed with idiopathic Parkinson’s disease according to the UK Brain Bank diagnostic criteria,

- Hoehn and Yahr disease stage 2 to 3,

- Same dosage of dopaminomimetic drugs for 3 months prior to enrolment.

Exclusion criteria - Moderate to severe cognitive impairment (Mini-Mental State Examination < 21),
- Unpredictable motor fluctuations,

- Moderate to severe orthopaedic diseases or other pathological conditions (for example, severe postural abnormalities)
which could impact gait training.

Patient N=36 adults with idiopathic Parkinson’s disease
characteristics ] ) o - ]
- Body-weight supported treadmill training plus traditional physical therapy: n=18

- Overground gait training plus traditional physical therapy: n=18

Age in years [Mean (SD)]:
- Body-weight supported treadmill training plus traditional physical therapy: 71.9 (10.2)
- Overground gait training plus traditional physical therapy: 71.7 (7.5)
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Intervention(s)/control

Sex (M/F):
- Body-weight supported treadmill training plus traditional physical therapy: n=6/n=8
- Overground gait training plus traditional physical therapy: n=12/n=10

Time since diagnosis in years [Mean (SD)]:
- Body-weight supported treadmill training plus traditional physical therapy: 11.4 (unclear, reported as 11.4)
- Overground gait training plus traditional physical therapy: 10.18 (4.8)

Chronic neurological disorder category: Progressive neurological diseases

Note: Baseline characteristics were reported based on reallocated numbers after four participants were re-allocated to
the comparator arm after a feasibility test (prior to intervention commencement). Reallocated numbers were n=14 for
bodyweight supported treadmill n=22 for and overground walking training.

Intervention

Name: Body-weight supported treadmill training plus traditional physical therapy

Protocol intervention group: Rehabilitation interventions to address mobility — Gait training
Delivery setting: Neurorehabilitation hospital unit

Number/frequency of sessions: Five daily sessions per week

Duration: 4 weeks

Practitioner(s): Unclear during training, examined by neurologist at start and end of training

Sessions involved 40-minutes of traditional physical therapy and 20-minutes of gait training with body-weight support
treadmill training.
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Duration of follow-up
Sources of funding

Sample size

Other information

Body-weight support treadmill training involved partial weight unload on a treadmill. This consisted of a 10-minute
treadmill walk with 20% of body-weight support, a 5-minute break and then 10-minute treadmill walk with 10% of
bodyweight support. Initially the speed was 0.5 km/h which increased by 0.5 km/h every minute until a comfortable and
tolerated maximum speed of walking was reached, which remained the speed for the remainder of the training.

Traditional physical therapy involved passive, active and active assisted isotonic and isometric exercises for major
muscles of the limbs and trunk based on Parkinson’s disease rehabilitation guidelines and literature evidence.

Control

Name: Overground gait training plus traditional physical therapy

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Neurorehabilitation hospital unit

Number/frequency of sessions: Five daily sessions per week

Duration: 4 weeks

Practitioner(s): Unclear during training, examined by neurologist at start and end of training

Same protocol as intervention group apart from the 20 minutes involving overground gait training.
Post-intervention (4 weeks from baseline)
Not industry funded

N=36
- Body-weight supported treadmill training plus traditional physical therapy: n=18

- Overground gait training plus traditional physical therapy: n=18

Reallocation of the four participants from intervention to the comparator group occurred prior to the intervention starting
due to lack of tolerability during a 20-minute feasibility and tolerability test single session of body-weight supported
treadmill. One participant reported an increase in pre-existing hip pain, 2 with pre-existing spondyloarthrosis reported low
back pain, 1 reported anxiety.
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km/h: kilometres per hour; N/n: number of participants; SD: standard deviation
Outcomes
Study timepoints

o Baseline

o Post-intervention (4 weeks from baseline)

Body-weight supported treadmill training plus traditional physical therapy versus overground gait training plus traditional physical
therapy: Gait and balance

Gait as measured by 10MWT - Polarity - Lower values are better

Outcome Bodyweight supported treadmill training plus traditional physical Overground gait training plus traditional physical

therapy, Post-intervention vs Baseline, N = 14 therapy, Post-intervention vs Baseline, N = 22
10MWT 0.1 (0.141) 0.1 (0.2)
Mean
(SD)

N/n: number of participants; SD: standard deviation; TOMWT: 10 metre walk test

Bodyweight supported treadmill training plus traditional physical therapy versus overground gait training plus traditional physical
therapy: Limb/joint/muscle function

Motor functioning as measured by UPDRS Il - Polarity - Lower values are better
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Outcome Bodyweight supported treadmill training plus traditional = Overground gait training plus traditional physical
physical therapy, Post-intervention vs Baseline, N = 14 therapy, Post-intervention vs Baseline, N = 22
UPDRS Il -10.1 (7.62) -7.6 (8.1)

Number of items not
reported, scale 0—108.

Mean (SD)

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3

Bodyweight supported treadmill training plus traditional physical therapy versus overground gait training plus traditional physical
therapy: Functioning

Functioning as measured by FIM - Polarity - Higher values are better

Outcome Bodyweight supported treadmill training plus traditional Overground gait training plus traditional physical
physical therapy, Post-intervention vs Baseline, N = 14 therapy, Post-intervention vs Baseline, N = 22

FIM 7.5(8.22) 10.5 (11.23)

18 items, scale

18-126.

Mean (SD)

N/n: number of participants; SD: standard deviation; FIM: functional independence measure

Critical appraisal — Cochrane RoB 2
Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Some concerns
randomisation process randomisation process (No information provided on randomisation or allocation concealment. Baseline
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Section Question

Domain 2a: Risk of bias due to Risk of bias for deviations

deviations from the intended from the intended
interventions (effect of interventions (effect of
assignment to intervention) assignment to intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement Risk-of-bias judgement for
of the outcome measurement of the outcome

Domain 5. Bias in selection of the Risk-of-bias judgement for

reported result selection of the reported result
Overall bias and Directness Risk of bias judgement
Overall bias and Directness Overall Directness

Answer

characteristics were presented for the intervention and comparator after
reassignment of 4 participants into the comparator group such that it was
unclear whether there were baseline differences between groups following
randomisation.)

High

(No information was available on whether participant or personnel were
blinded. Deviations from the intervention occurred after a feasibility test of the
intervention and related to lack of tolerability of the intervention. It is unclear
whether the feasibility test was pre-planned (and therefore not a result of the
trial context) as the protocol was not available. An 'as treated' analysis was
only performed and as 11% of participants transferred from intervention to the
comparator arm there is a chance that this may have had a substantial impact
on the results.)

Low
(Outcome data were available for all participants randomised.)

Some concerns

(No information provided about whether outcome assessors were aware of
allocation, while there is a possibility that assessment of outcome was
influenced by knowledge of intervention received, this was not likely due to the
standardised protocol for assessments and objective nature of tasks
performed.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High

Directly applicable

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

150



FINAL
Stability, mobility and upper limb function

Section Question Answer
Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

Berriozabalgoitia, 2021
Bibliographic Berriozabalgoitia, Rakel; Bidaurrazaga-Letona, Iraia; Otxoa, Erika; Urquiza, Miriam; Irazusta, Jon; Rodriguez-Larrad, Ana;

Reference Overground Robotic Program Preserves Gait in Individuals With Multiple Sclerosis and Moderate to Severe Impairments: A
Randomized Controlled Trial.; Archives of physical medicine and rehabilitation; 2021; vol. 102 (no. 5); 932-939

Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2019 - April 2019
Inclusion criteria - Aged 18 years or above,

- Diagnosed with multiple sclerosis from the McDonald criteria,

- Had moderate to severe gait impairments based on Expanded Disability Status Scale score of 4.5 to 7 and required
one or two canes or crutches to aid walking outside.

Exclusion criteria - Neurologic pathology other than multiple sclerosis,
- Musculoskeletal disorder that would restrict hip and knee extension or plantar ankle flexion,

- multiple sclerosis relapse within the 3 months before commencing the study,
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- Inconsistent pharmacological treatment or if any treatments were thought to change throughout the study,

- Had botulinum toxin treatment within 12 weeks before starting the study.

Patient N=36 adults with multiple sclerosis
characteristics ) o o
- Robot-assisted gait training (Ekso) plus standard rehabilitation: n=18

- Standard rehabilitation: n=18

Age in years [Mean (SD)]:
- Robot-assisted gait training (Ekso) plus standard rehabilitation: 49.83 (7.26)
- Standard rehabilitation: 52.00 (10.25)

Sex (M/F):
- Robot-assisted training (Ekso) plus standard rehabilitation: n=9/n=9

- Standard rehabilitation: n=10/n=4

Time since diagnosis in years [Mean (SD)]:
- Robot-assisted gait training (Ekso) plus standard rehabilitation: 12.94 (8.11)
- Standard rehabilitation: 15.71 (10.01)

Chronic neurological disorder category: Progressive neurological diseases

Note: Baseline characteristics were only reported for participants analysed (n=18 for robot-assisted gait training (Ekso)
plus standard rehabilitation programme and n=14 for standard rehabilitation).
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Intervention(s)/control Intervention
Name: Overground robotic gait training (Ekso) plus standard rehabilitation
Protocol intervention group: Rehabilitation interventions to address mobility — Gait training
Delivery setting: Outpatient setting

Number/frequency of sessions: Twice weekly progressing to maximum 40-minutes per session and once weekly 1-hour
standard physical therapy

Duration: 3 months
Practitioner(s): Physical therapists trained and certified in Ekso driving

Individualised and progressive gait training through Ekso overground robotic wearable exoskeleton with actuated hips
and knees which aids the lower limbs when moving. Each session involved two modalities 1) PreGait to exercise static
balance and weight shifts to begin with and 2) ProStepPlus to train gait whereby steps were prompted by lateral weight
shift. The speed, cadence, stride, robotic assistance was tailored based on motor skill and limb joint ability. Sessions
progressively increased to maximum 40-minutes based on tolerance. Sessions were stopped at sign of fatigue or
participant request. End of session cryotherapy on knee extensors and ankle plantar flexors in supine position was
performed for 10-minutes.

The overground robotic programme was undertaken in addition to standard physical therapy sessions which commenced
after the sessions (see control group for details).

Control

Name: Standard rehabilitation

Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Outpatient setting

Number/frequency of sessions: Weekly 1-hour sessions
Duration: 3 months

Practitioner(s): Physical therapists
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One-hour individualised sessions aimed at controlling spasticity, maintaining articular range of motion, exercise balance
and gait training.

Duration of follow-up Post-intervention (3 months from baseline)
Sources of funding Not industry funded

Sample size N=36
- Exoskeleton-assisted gait training (Ekso) plus standard physical therapy: n=18

- Standard physical therapy: n=18

N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

e Post-intervention (3 months from baseline)

Robot-assisted gait training (Ekso) plus standard rehabilitation versus standard rehabilitation: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait as measured by TOMWT - Polarity - Lower values are better

Outcome Robot-assisted gait training (Ekso) plus standard rehabilitation, Post- Standard rehabilitation, Post-intervention vs
intervention vs Baseline, N =18 Baseline, N = 14
TUG -2.5 (8.08) 1.35 (7.54)
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Outcome Robot-assisted gait training (Ekso) plus standard rehabilitation, Post- Standard rehabilitation, Post-intervention vs
intervention vs Baseline, N =18 Baseline, N = 14

Mean

(SD)

10MWT  0.59 (5.29) 1.22 (6.49)

Mean

(SD)

N/n: number of participants; SD: standard deviation; TUG: timed up and go test; T0MWT: 10 metre walk test

Robot-assisted gait training (Ekso) plus standard rehabilitation versus standard rehabilitation: Limb/joint/muscle functioning

Lower limb functioning as measured by SPPB - Polarity - Higher values are better

Outcome Robot-assisted gait training (Ekso) plus standard rehabilitation, Post- Standard rehabilitation, Post-intervention vs
intervention vs Baseline, N =18 Baseline, N = 14

SPPB 0.28 (1.59) -0.79 (1.59)

3 items, scale

0-12.

Mean (SD)

N/n: number of participants; SD: standard deviation; SPPB: short physical performance battery

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of assignment
to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations from
the intended interventions
(effect of assignment to
intervention)

Risk-of-bias judgement for
missing outcome data

Domain 4. Bias in measurement of Risk-of-bias judgement for

the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness

Overall bias and Directness

measurement of the outcome
Risk-of-bias judgement for

selection of the reported result

Risk of bias judgement

Overall Directness

Answer

Low

(Randomisation and allocation sequence was performed through sealed
opaque envelopes and coin-tossing sequence generation. Unable to
determine potential imbalances between randomised participants at baseline
as characteristics are only presented for participants analysed rather than
randomised.)

Low

(Participants and personnel were aware of assigned intervention, however,
there were no apparent deviations that arose due to the trial context. Modified
intention-to-treat analysis likely performed.)

High

(Missing outcomes for 22% (4/18) of the control arm participants who
dropped out mainly due to health reasons such that it is possible that
missingness in the outcome was influenced by its true value.)

Low
(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Low

(A protocol with pre-planned statistical analyses was available via separate
prior publication and registered on Australian and New Zealand Clinical Trials
Registry (ANZCTR) trial registry prior to outcome data availability; all relevant
scales, time points and analysis results reported.)

High

Directly applicable
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Section Question Answer
Overall bias and Directness Risk of bias variation across Not applicable
outcomes

Brichetto, 2013

Bibliographic Brichetto, G.; Spallarossa, P.; De Carvalho, M.L.L.; Battaglia, M.A.; The effect of Nintendo Wii on balance in people with
Reference multiple sclerosis: A pilot randomized control study; Multiple Sclerosis Journal; 2013; vol. 19 (no. 9); 1219-1221

Study details

Country/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Multiple sclerosis defined following McDonald criteria,

- Fear of falling and/or a history of falls (at least one fall within the last year),
- Stable phase (without relapses or worsening in last 3 months),

- Able to walk with minimal aids (such as a cane or single crutch),

- Expanded Disability Status Scale equal to or lower than 6,

- Ambulation Index equal to or lower than 4.

Exclusion criteria - Psychiatric disorders,

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
157



FINAL

Stability, mobility and upper limb function

Patient
characteristics

- Blurred vision,

- Severe cognitive impairment.

N=36 adults with multiple sclerosis
- Exergame-based balance exercises (Nintendo Wii) n=18

- Traditional balance rehabilitation n=18

Age in years [Mean (SD)]:
- Exergame-based balance exercises (Nintendo Wii): 40.7 (11.5)

- Traditional balance rehabilitation: 43.2 (10.6)

Sex (M/F):
- Exergame-based balance exercises (Nintendo Wii): n=8/n=10

- Traditional balance rehabilitation: n=6/n=12

Time since diagnosis in years [Mean (SD)]:
- Exergame-based balance exercises (Nintendo Wii): 11.2 (6.4)

- Traditional balance rehabilitation: 12.3 (7.2)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
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Name: Exergame-based balance exercises (Nintendo Wii)
Protocol intervention group: Rehabilitation interventions to address stability - Balance exercises
Delivery setting: Not reported

Number/frequency of sessions: 3x 60-minutes per week, totalling 12 sessions

Duration: 4 weeks

Practitioner(s): Not reported

Supervised use of Nintendo Wii Balance Board® using in built techniques such as 'slalom skiing', and 'tightrope walking'.
These were presented randomly at each session.

Control

Name: Traditional balance rehabilitation
Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Not reported

Number/frequency of sessions: 12 sessions (3x 60-minutes per week)

Duration: 4 weeks

Practitioner(s): Not reported

Participants in the control group were given static and dynamic exercises using both single-leg and double-leg stances,
with and without an equilibrium board, as well as half-kneeling exercises of increasing difficulty. These were tailored to
each participants ability level.

Duration of follow-up Post-intervention (4 weeks from baseline)
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Sources of funding Not industry funded

Sample size N=36

- Exergame-based balance exercises (Nintendo Wii): n=18

- Traditional balance rehabilitation: n=18
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

o Post-intervention (4 weeks from baseline)

Exergame-based balance exercises (Nintendo Wii) versus traditional balance rehabilitation: Gait and balance

Balance as measured by BBS - Polarity - Higher values are better

Outcome Exergame-based balance exercises (Nintendo Wii), Post- Traditional balance rehabilitation, Post-intervention vs
intervention vs Baseline, N =18 Baseline, N =18

BBS 5 (3.56) 1(2.61)

Mean

(SD)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2
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Section Question
Domain 1: Bias arising from the

randomisation process randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of assignmentto assignment to intervention)
intervention)

Domain 3. Bias due to missing

outcome data outcome data

Domain 4. Bias in measurement of the Risk-of-bias judgement for
outcome measurement of the outcome

Domain 5. Bias in selection of the
reported result

Risk-of-bias judgement for

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Risk of bias variation across
outcomes

Overall bias and Directness

Brichetto, 2015

Risk of bias judgement for the

Risk of bias for deviations from the
intended interventions (effect of

Risk-of-bias judgement for missing

selection of the reported result

Answer

Some concerns

(No details on allocation concealment, however, authors report the
randomisation method (adaptive biased coin randomisation) and
absence of any significant differences between groups at baseline.)

Low

(Participants and personnel were aware of the assigned intervention,
however, there were no apparent deviations that arose due to the
experimental context and it appears that the analysis was on the
basis of intention-to-treat.)

Low

(Outcome data for all participants randomised appear to be
complete.)

Low

(Method of outcome assessment was standard and appropriate and
outcome assessors were blinded to allocation.)

Some concerns
(No protocol or pre-specified analysis plan.)

Some concerns
Directly applicable

Not applicable
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Bibliographic Brichetto, Giampaolo; Piccardo, Elisa; Pedulla, Ludovico; Battaglia, Mario Alberto; Tacchino, Andrea; Tailored balance
Reference exercises on people with multiple sclerosis: A pilot randomized, controlled study.; Multiple sclerosis (Houndmills, Basingstoke,
England); 2015; vol. 21 (no. 8); 1055-63

Study details

Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2011 - March 2012
Inclusion criteria - Multiple sclerosis according to McDonald criteria,

- 18 years or older,

- Stable phase of disease without relapses or deterioration in last 3 months,
- Fear of falling or a history of falls (at least 1 fall in the last year),

- Berg Balance Scale composite lower than 72 and maximum of 50,

- Medical Research Council scale (0 to 5 grades) at the proximal and distal lower limb segments (hip, knee and ankle),
with at least grade 4 in all muscle groups or grade 3 in no more than 1 joint.

Exclusion criteria - Psychiatric disorders,
- Blurred vision,
- Severe cognitive impairment,
- Severely impaired upright postural control or limited ability to participate in a rehabilitation programme,

- Cardiovascular and respiratory disorders.
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Patient N=32 adults with multiple sclerosis
characteristics ] ]
- Tailored balance exercises: n=16

- Traditional balance rehabilitation: n=16

Age in years [Mean (SD)]:
- Tailored balance exercises: 50.1 (13.5)

- Traditional balance rehabilitation: 51.0 (8.9)

Sex (M/F):
- Tailored balance exercises: n=4/n=11

- Traditional balance rehabilitation: n=5/n=12

Time since diagnosis in years [Mean (SD)]:
- Tailored balance exercises: 9.5 (6.6)

- Traditional balance rehabilitation: 12 (6.2)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention

Name: Tailored balance exercises

Protocol intervention group: Rehabilitation interventions to address stability - Balance exercises
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Delivery setting: Not reported

Number/frequency of sessions: 3x 1-hour sessions per week, totalling 12 sessions

Duration: 4 weeks

Practitioner(s): Not reported

Rehabilitation treatments tailored to the prevalent sensory system impairments in each person (visual, somatosensory or
vestibular).

Control

Name: Traditional balance rehabilitation
Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Not reported

Number/frequency of sessions: 3x 1-hour sessions per week, totalling 12 sessions

Duration: 4 weeks

Practitioner(s): Not reported

Standardised rehabilitation treatment for balance disorders. Participants in the control group were given static and
dynamic exercises using both single-leg and double-leg stances, as well as half-kneeling exercises of increasing
difficulty. These were tailored to each participants ability level.

Duration of follow-up Post-intervention (4 weeks from baseline)

Sources of funding Not industry funded

Sample size N=32
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- Tailored balance exercises: n=16

- Traditional balance rehabilitation: n=16

Other information Computerised dynamic posturography (measure of balance) also reported but not extracted as measurement data rather
than validated scale.
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (4 weeks from baseline)

Tailored balance exercises versus traditional balance rehabilitation: Gait and balance

Balance as measured by BBS - Polarity - Higher values are better

Outcome Tailored balance exercises, Baseline vs Baseline, N =16 Traditional balance rehabilitation, Baseline vs Baseline, N = 16

BBS 6.3 (2.38) 2 (4.51)
Mean (SD)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended

interventions (effect of assignment to

intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement of

the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Bunn, 2015

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations from
the intended interventions (effect
of assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Low

(Although randomisation method is not reported, the authors include
details on allocation concealment. They also report that there were no
significant differences in baseline characteristics.)

Low

(Although participants and personnel were probably aware of assigned
intervention, there was no reason to suspect any deviations that arose
due to the experimental context and analysis appears to have been
based on intention-to-treat.)

Low
(Outcome data appear complete for all participants and analysis
appears to be based on intention-to-treat.)

Low

(Method of outcome assessment was standard and appropriate and
outcome assessors were independent to the study and blinded to
allocation.)

Some concerns
(No protocol or pre-specified analysis plan.)

Some concerns
Directly applicable

Not applicable
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Bibliographic Bunn, Lisa M; Marsden, Jonathan F; Giunti, Paola; Day, Brian L; Training balance with opto-kinetic stimuli in the home: a
Reference randomized controlled feasibility study in people with pure cerebellar disease.; Clinical rehabilitation; 2015; vol. 29 (no. 2);
143-53

Study details

Country/ies where UK
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - With pure cerebellar disease, spinocerebellar type 6,

- Age over 18 years,

- Had no current or past medical conditions affecting balance.

Exclusion criteria - Unable to stand with eyes closed for 40 s with feet 16 cm apart,
- Taking drugs causing dizziness, drowsiness, or muscle weakness,

- Had impure ataxia phenotypes based on the inventory of non-ataxia symptoms.

Patient N=12 adults with Spinocerebellar ataxia type 6 pure cerebellar disease
characteristics o o
- Home-based optokinetic training n=6

- Usual care n=6

Age in years [Mean (SD)]:
- Home-based optokinetic training: 60.2 (10.5)
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Intervention(s)/control

- Usual care: 58.3 (14.5)

Sex (M/F):
- Home-based optokinetic training: n=3/n=3

- Usual care: n=1/n=5

Time since diagnosis: Not reported

Chronic neurological disorder category: Progressive neurological diseases

Intervention
Name: Home-based optokinetic training

Protocol intervention group: Rehabilitation interventions to address stability - Vestibular exercise, including optokinetic
training

Delivery setting: Home

Number/frequency of sessions: 15-minutes/session, 5 sessions/week
Duration: 8 weeks

Practitioner(s): Physiotherapist

Participants performed balance activities whilst looking ahead at eye level projected images of black dots (2.5
centimetres diameter) on a white background (1 metre x 50 centimetres) which had unpredictable movements.
Participants stood on a soft material and the movies streamed from a Pico projector 2 metres behind the screen. The
images were activated when the participant pressed a button on an iPod. The therapy was designed to aid balance
control in a range of functionally relevant everyday balance settings while aiming to avoid visual cues that were not
based on self-motion. Participants with mild—-moderate disease severity (Scale for Assessment and Rating of Ataxia
score 1-25) also performed simple balance exercises independently at home.
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Control

Name: Usual care

Protocol description: Control (usual care)
Delivery setting: Not applicable
Number/frequency of sessions: Not applicable
Duration: Not applicable

Practitioner(s): Not applicable

Participants did not receive any intervention. No further details reported.
Duration of follow-up Post-intervention (8 weeks from baseline)
Sources of funding Not industry funded

Sample size N=12
- Home-based optokinetic training: n=6

- Usual care: n=6

Other information FIM (measure of functioning) also reported but not extracted as authors amended the original scale for the purposed of
the study, voiding validity.

SARA-Bal (measure of balance) also reported but not extracted as sub-domain of SARA and not a global measure.
N/n: number of participants; FIM: functional independence measure; SARA: scale for the assessment and rating of ataxia; SD: standard deviation

Outcomes
Study timepoints
e Baseline
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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o Post-intervention (8 weeks from baseline)

Home-based optokinetic training versus usual care: Gait and balance

Balance as measured by BBS - Polarity - Higher values are better

Outcome Home-based optokinetic training, Post-intervention vs Baseline, N = 6 Usual care, Post-intervention vs Baseline, N = 6

BBS 1.7 (3.9)
Mean (SD)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

1.8 (1.9)

Answer

Some concerns

(Participants were randomised using a pre-filled envelope technique. No
information on allocation concealment. More females in the control arm, which
is compatible with chance due to low numbers. No other significant differences
in baseline characteristics.)

Low

(Although patrticipants and personnel were aware of assigned intervention,
there were no deviations arising from the experimental context. Modified
intention-to-treat analysis.)

High

(There was 1/6 (20%) participant lost to follow-up in the control group due to
scheduling difficulties, however, BBS outcome data was collected for this
participant. Authors also attempted to control for missing post-intervention BBS
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Section

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness
Overall bias and Directness

BBS: Berg balance scale

Cabrera-Martos, 2020

Question

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

data for 1/5 (20%) participant that did not receive all of the allocated
intervention due to iliness (ear infection, reported to be exacerbated by
training). Missing post-intervention data recorded as 0 (no change). This
approach is unlikely to remove bias if missingness in outcome depends on true
value, unless there is no change in the outcome after the last time it was
measured. Missingness likely to depend on true value, however, no information
provided on outcome after last time of measurement.)

Some concerns

(Outcome assessors were aware of allocation. While there is a possibility that
assessment of outcome was influenced by knowledge of intervention received,
this was not likely due to the standardised protocol for assessments and
objective nature of tasks performed.)

Some concerns
(No protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable

Bibliographic Cabrera-Martos, Irene; Jimenez-Martin, Ana Teresa; Lopez-Lopez, Laura; Rodriguez-Torres, Janet; Ortiz-Rubio, Araceli;
Reference Valenza, Marie Carmen; Effects of a core stabilization training program on balance ability in persons with Parkinson's disease:
a randomized controlled trial.; Clinical rehabilitation; 2020; vol. 34 (no. 6); 764-772
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Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2018 - November 2018
Inclusion criteria - 30 years or older,

- Diagnosed with Parkinson’s disease according to UK Brain Bank criteria for idiopathic Parkinson’s disease with a
disease severity rating of stage 2 or 3 on the Hoehn and Yahr scale,

- Stable medication use.

Exclusion criteria - Significant dyskinesias (score higher than 2 on the Modified Dyskinesia Rating Scale),
- Clinically significant orthostatic hypotension,
- Neurological condition other than Parkinson’s disease,
- History of neurosurgery,
- Significant musculoskeletal or cardiopulmonary disease,
- Communication or cognitive impairments with a score less than 24 in the Mini-Mental State Examination,

- Comorbidities affecting motor performance such as vestibular, visual, or somatosensory disturbances that could
influence postural control; or inability to walk without walking aids.

Patient N=44 adults with idiopathic Parkinson’s disease

characteristics o o
- Core stabilisation training: n=22

- Standard rehabilitation: n=22
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Age in years [Mean (SD)]:
- Core stabilisation training: 77.22 (6.22)
- Standard rehabilitation: 75.87 (1.19)

Sex (M/F):
- Core stabilisation training: n=7/n=15

- Standard rehabilitation: n=11/n=11

Time since diagnosis: Not reported

Chronic neurological disorder category: Progressive neurological diseases
Intervention(s)/control Intervention

Name: Core stabilisation training
Protocol intervention group: Rehabilitation interventions to address stability - Balance exercises
Delivery setting: Community (Parkinson's Association facility)

Number/frequency of sessions: 3x 45-minute sessions per week (groups of 5-6 participants)

Duration: 8 weeks
Practitioner(s): Physical therapist

Programme followed principles of motor relearning and skill acquisition and included tailored functional exercises in
contexts that would promote transfer of these principles to functional activity.
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Control

Name: Standard rehabilitation
Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Community (Parkinson's Association facility)

Number/frequency of sessions: 3x 45-minute sessions per week (groups of 5-6 participants)

Duration: 8 weeks
Practitioner(s): Physical therapist

Included active joint mobilisation, muscle stretching, and motor coordination exercises. The exercises were tailored
according to ability and increased in complexity (for example, progressing from a supine position to sitting and standing
positions.

Duration of follow-up Post-intervention (8 weeks from baseline)
Sources of funding Not industry funded

Sample size N=44
- Core stabilisation training: n=22

- Standard rehabilitation: n=22

Other information Posturography (measure of balance) also reported but not extracted as measurement data rather than validated scale.
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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o Post-intervention (8 weeks from baseline)

Core stabilisation training versus active joint mobilisation, muscle stretching, and motor coordination exercises: Gait and balance

Gait and balance as measured by Mini-BESTest - Polarity - Higher values are better

Outcome Core stablisation training, Post-intervention vs Baseline, N = Standard rehabilitation, Post-intervention vs Baseline, N =
22 22

Mini- 2.75 (1.8) 0.38 (2.15)

BESTest

Mean (SD)

Mini-BESTest: mini balance evaluation systems test; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2

Section Question Answer
Domain 1: Bias arising from the Risk of bias judgement for the Low
randomisation process randomisation process (Computer generated randomisation carried out by a researcher not

involved with the trial, allocation concealment was provided using opaque
envelopes. Groups appear balanced in baseline characteristics and
testing shows there were no significant differences.)

Domain 2a: Risk of bias due to Risk of bias for deviations from  Low

deviations from the intended the intended interventions (effect (No information provided on whether participants or personnel were
interventions (effect of assignment to of assignment to intervention) blinded, however, there do not appear to have been any deviations due
intervention) to the experimental context and analysis seems to have been conducted

on an intention-to-treat basis.)
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Section Question Answer

Domain 3. Bias due to missing Risk-of-bias judgement for Low

outcome data missing outcome data (Outcome data appear to be complete for all participants randomised.)
Domain 4. Bias in measurement of  Risk-of-bias judgement for Low

the outcome measurement of the outcome (Method of outcome assessment was standard and appropriate and

outcome assessors were blinded to allocation.)

Domain 5. Bias in selection of the Risk-of-bias judgement for Some concerns
reported result selection of the reported result ~ (Although the protocol was registered on a clinical trials registry, no
information regarding analysis plans provided.)

Overall bias and Directness Risk of bias judgement Some concerns

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across Not applicable
outcomes

Capecci, 2019

Bibliographic Capecci, Marianna; Pournajaf, Sanaz; Galafate, Daniele; Sale, Patrizio; Le Pera, Domenica; Goffredo, Michela; De Pandis,

Reference Maria Francesca; Andrenelli, Elisa; Pennacchioni, Mauro; Ceravolo, Maria Gabriella; Franceschini, Marco; Clinical effects of
robot-assisted gait training and treadmill training for Parkinson's disease. A randomized controlled trial.; Annals of physical
and rehabilitation medicine; 2019; vol. 62 (no. 5); 303-312

Study details

Countryl/ies where Italy
study was carried out
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Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Diagnosed with idiopathic Parkinson’s disease according to UK Brain Bank criteria,

- Hoehn and Yahr stage = 2,
- Aged 50 to 80 years,
- Ability to stand upright for a minimum of 20-minutes, without any assistance,

- Walking difficulty related to Parkinson’s disease such as having Unified Parkinson’s Disease Rating Scale [UPDRS]
part Il, item 15 score of 1-3,

- Able to walk independently for 10 metres,
- Consistent medications for symptoms one month prior to enrolment,

- Informed consent.

Exclusion criteria - Unable to understand study instructions (Informed Consent Test of Comprehension),
- Cognitive impairment with Mini-Mental State Examination score < 24,
- Alcohol or drug abuse (including dopamine dysregulation syndrome),
- Active depression, anxiety or psychosis that would disrupt equipment use or testing,
- Other disabling neurological or orthopaedic disorders,
- Prior brain surgery (including pallidotomy, thalamotomy or deep brain stimulation),
- Cardiovascular or lung disease that might interfere with tolerance to high intensity training,

- Involved in other trials in the 6 months prior to enrolment.

Patient N=96 adults with idiopathic Parkinson’s disease
characteristics
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- Robotic-assisted gait training (G-EO system™): n=60

- Treadmill training: n=50

Age in years [Mean (SD)]:
- Robot-assisted gait training (G-EO system™): 68.1 (9.8)
- Treadmill training: 67.0 (7.6)

Sex (M/F):
- Robot-assisted gait training (G-EO system™): n=19/n=29
- Treadmill training: n=24/n=24

Time since diagnosis in years [Mean (SD)]:
- Robot-assisted gait training (G-EO system™): 8.9 (5.3)
- Treadmill training: 8.9 (4.3)

Chronic neurological disorder category: Progressive neurological diseases

Note: Study characteristics were presented for those analysed in each arm (n=48 in each arm)

Intervention(s)/control Intervention
Name: Robot-assisted gait training (G-EO system™)
Protocol intervention group: Rehabilitation interventions to address mobility — Gait training

Delivery setting: Outpatient, neurorehabilitation facilities
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Number/frequency of sessions: 5x 45-minute sessions per week, totalling 20 sessions
Duration: 4 weeks
Practitioner(s): Physiotherapist

Participants underwent robotic assisted gait training and used end-effector robotic device G-EO system™ (Reha
Technology AG; Olten, Switzerland). Walking was assisted by robots at different speeds for 45-minutes and with some
bodyweight support. In the initial session, 30-40% of bodyweight support was used at 1.5 kilometres per hour and then
gradually increased to a maximum of 2.2-2.5 kilometres per hour with bodyweight support eventually decreased up to
20% based on tolerance.

Control

Name: Treadmill training

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Outpatient, neurorehabilitation facilities

Number/frequency of sessions: 5x 45-minute sessions per week totalling 20 sessions
Duration: 4 weeks

Practitioner(s): Physiotherapist

Treadmill training involving walking on the treadmill without bodyweight support for 45-minutes. Initially, walking speed at
each session was 0.8 to 1 kilometre per hour and then to 2.0 kilometres per hour or greater based on tolerance.

*Both groups: Heart rate and blood pressure were recorded at the start and end of each session for both groups and
heart rate was also monitored throughout training. Training was always performed on the "ON" phase of treatment.

Duration of follow-up Post-intervention (4 weeks from baseline)
Sources of funding Not industry funded

Sample size N=96
- Robot-assisted gait training (G-EO system™): n=60
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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- Treadmill training: n=50

Other information Participants that missed a session without re-attending the session or interrupted treatment for over 3 days in a row were
excluded from the study.

UPDRS Il (activities of daily living) also reported but not extracted as not a global measure of functioning.
N/n: number of participants; SD: standard deviation; UPDRS IlI: unified Parkinson's disease rating scale part 2

Outcomes
Study timepoints
o Baseline

e Post-intervention (4 weeks from baseline)

Robot-assisted gait training (G-EO system™): Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait as measured by 10MWT - Polarity - Higher values are better

Outcome Robot-assisted gait training (G-EO system™), Post-intervention vs Treadmill training, Post-intervention vs Baseline,
Baseline, N = 48 N =48

TUG -1.4 (5.2) -3.1(4.4)

Mean

(SD)

10MWT 0.1 (0.2) 0.15(0.2)
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Outcome Robot-assisted gait training (G-EO system™), Post-intervention vs
Baseline, N = 48

Mean
(SD)

N/n: number of participants; SD: standard deviation; TUG: timed up and go test; TOMWT: 10 metre walk test

Robot-assisted gait training (G-EO system™): Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Robot-assisted gait training (G-EO system™), Post-intervention vs
Baseline, N = 48

6MWT  18.2 (87)

Mean
(SD)
N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test

Robot-assisted gait training (G-EO system™): Limb/joint/muscle functioning

Limb/joint/muscle functioning as measured by UPDRS Il - Polarity - Lower values are better

Outcome Robot-assisted gait training (G-EO system™), Post-intervention vs
Baseline, N = 48

UPDRS IIl -2.8 (4.2)

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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N =48

Treadmill training, Post-intervention vs Baseline,
N =48

46.8 (48.4)
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-3.6 (5.6)
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Outcome Robot-assisted gait training (G-EO system™), Post-intervention vs Treadmill training, Post-intervention vs Baseline,

Baseline, N = 48

Mean
(SD)

N =48

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3

Critical appraisal — Cochrane RoB 2

Section Question

Domain 1: Bias arising from the  Risk of bias judgement for the
randomisation process randomisation process

Domain 2a: Risk of bias due to  Risk of bias for deviations
deviations from the intended from the intended
interventions (effect of interventions (effect of
assignment to intervention) assignment to intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Answer

Low

(Block randomisation with stratification was performed with allocation to
treatment reported to be concealed and based on a customised purpose-built
software. Unable to determine potential imbalances between randomised
participants at baseline as characteristics are only presented for participants
analysed rather than randomised.)

High

(Participants and those delivering the intervention were aware of the
allocations. A naive per-protocol analysis was undertaken as two participants
in the intervention arm were removed from the analysis due to protocol
violations. Impact on the results were unclear as this was 4% (2/48) of the
intervention arm analysed and there were no reasons provided for the protocol
violations.)

High

(Outcome data was not available for for 16.7% (10/60) and 4% (2/50) in the
intervention and control arms, respectively due to changes in medication (n=4
intervention), moved to other hospitals for clinical complications or infections
(n=3 intervention) or loss to follow-up due to lung infection (n=1 intervention),
lower back pain (n=1 intervention, n=1 control) or moving to another hospital
(n=1 intervention, n=1 control). The study did not use analysis methods or
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Section Question Answer

sensitivity analysis to check for bias related to missing outcome and there is a
chance that missingness in the outcome was related to true value due fto
reasons for withdrawal from the study from worsening health conditions.)

Domain 4. Bias in measurement Risk-of-bias judgement for Low

of the outcome measurement of the outcome (Method of outcome measurement was standard and appropriate with outcome
assessors blind to group assignment. All assessors undertook a preliminary
course to increase consistency of methods and inter-rater reliability.)

Domain 5. Bias in selection of the Risk-of-bias judgement for Low
reported result selection of the reported result (Pre-planned protocol with analysis plan provided in clinicaltrials.gov; all
relevant scales, time points and analysis results reported.)

Overall bias and Directness Risk of bias judgement High

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

N/n: number of participants

Cattaneo, 2018

Bibliographic Cattaneo, Davide; Rasova, Kamila; Gervasoni, Elisa; Dobrovodska, Gabriela; Montesano, Angelo; Jonsdottir, Johanna; Falls
Reference prevention and balance rehabilitation in multiple sclerosis: a bi-centre randomised controlled trial.; Disability and rehabilitation;
2018; vol. 40 (no. 5); 522-526

Study details
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Countryl/ies where Czech Republic and Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates March 2011 - October 2013
Inclusion criteria - Ability to walk (with or without aid) for 6 metres,

- Ability to maintain standing position with open eyes for at least 30 seconds.

Exclusion criteria - Inability to maintain single leg standing position for 10 seconds,
- Inability to maintain tandem stance for 30 seconds,

- Cognitive disorders impeding execution of exercises and/or assessment.

Patient N=119 adults with multiple sclerosis
characteristics ) . .
- Exercises to improve balance and mobility: n=78

- Standard balance rehabilitation: n=41

Age in years [Mean (SD)]:
- Exercises to improve balance and mobility: 48.9 (11.1)

- Standard balance rehabilitation: 46.7 (11.4)

Sex (M/F):
- Exercises to improve balance and mobility: n=24/n=54

- Standard balance rehabilitation: n=12/n=29
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Time since diagnosis in years [Mean (SD)]:
- Exercises to improve balance and mobility: 14.0 (8.6)

- Standard balance rehabilitation: 12.9 (10.4)

Chronic neurological disorder category: Progressive neurological diseases
Intervention(s)/control Intervention

Name: Exercises to improve balance and mobility
Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises
Delivery setting: Not reported

Number/frequency of sessions: 2 or 3 sessions per week of 45-minutes each, totalling 20 sessions

Duration: 7-10 weeks
Practitioner(s): Physical therapist

Participants in the experimental group received at least 25-45 minutes of balance treatment (based on published best
practice recommendations). The goal of treatment was to improve postural control, and control of movements of the core
during static, dynamic and transitional tasks.

Control

Name: Standard balance rehabilitation
Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Not reported
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Number/frequency of sessions: 20 sessions (2 or 3 sessions per week of 45-minutes each)

Duration: 7-10 weeks
Practitioner(s): Physical therapist

Focused on reducing limitations at body function and activity levels. Treatment for balance disorders was restricted to a
maximum of 10-minutes per session.

Duration of follow-up 2 months follow-up (time since baseline not reported)
Sources of funding Not industry funded

Sample size N=119
- Exercises to improve balance and mobility: n=78

- Standard balance rehabilitation: n=41
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
e Post-intervention (Time since baseline not reported)

e 2 months follow-up (Time since baseline not reported)

Exercises to improve balance and mobility versus standard balance rehabilitation: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait and balance as measured by DGI - Polarity - Higher values are better

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Balance as measured by BBS - Polarity - Higher values are better

Outcome Exercises to improve balance Exercises to improve balance Standard balance Standard balance
and mobility, Post-intervention and mobility, 2 months follow- rehabilitation, Post- rehabilitation, 2 months
vs Baseline, N = 69 up vs Baseline, N = 58 intervention vs Baseline, N = follow-up vs Baseline, N = 26

36

TUG -0.8 (6.6) 0.5 (6.68) -1.5 (6.76) -2.4 (9.08)

Mean

(SD)

DGI 1.2 (3.61) 0.5 (3.58) 1.1 (4.02) 0 (4.28)

Mean

(SD)

BBS 2.6 (6.15) 1.2 (6.34) 3(7.74) 1.9 (7.25)

Mean

(SD)

BBS: Berg balance scale; DGI: dynamic gait index scoring form; N/n: number of participants; SD: standard deviation; TUG: timed up and go test

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (Randomisation method not reported, however, group allocation was carried
out by a researcher who was not involved with the trial and allocation was
concealed. Baseline characteristics between groups were reported to be
comparable.)
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Section
Domain 2a: Risk of bias due to
deviations from the intended

interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness
Overall bias and Directness

N/n: number of participants

Ciatto, 2023

Question
Risk of bias for deviations
from the intended

interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Low

(No information provided on whether participants or personnel were blinded,
however, there is no reason to suspect any deviations due to the experimental
context and analysis was on the basis of intention-to-treat.)

High

(In total, 35 participants were lost to follow-up with reasons not differentiated
per arm and collectively cited as new comorbidities (n=10), lack of motivation
(n=3), long holiday (n=2) and other/unknown reasons (n=20). No discussion of
methods to correct for missing outcome data and missingness may depend on
true value.)

Low

(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Some concerns

(Authors report that analysis was pre-planned however no details are provided
to enable checks on this.)

High

Directly applicable

Not applicable
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Bibliographic Ciatto, Laura; Pullia, Massimo; Tavilla, Graziana; Dauccio, Biagio; Messina, Daniela; De Cola, Maria Cristina; Quartarone,
Reference Angelo; Cellini, Roberta; Bonanno, Mirjam; Calabro, Rocco Salvatore; Do Patients with Parkinson's Disease Benefit from
Dynamic Body Weight Support? A Pilot Study on the Emerging Role of Rysen.; Biomedicines; 2023; vol. 11 (no. 8)

Study details

Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates October 2021 - December 2022
Inclusion criteria - Diagnosed with Parkinson’s disease per Movement Disorder Society criteria,

- Aged 50 to 70,
- Moderate to advanced disease (Hoehn and Yahr stage 2 to 4),

- Able to walk independently.

Exclusion criteria - Had cognitive, visual, or auditory deficits impairing exercise comprehension/execution,
- Comorbidities preventing upright posture and walking,
- Refusal or inability to provide informed consent,
- Contraindications to the use of technological equipment (weight >135 kilograms or height >200 centimetres),

- Open lesions or bandages in the harness contact area.

Patient N=30 adults with Parkinson’s disease

characteristics _ e . .
- Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system): n=15

- Standard rehabilitation: n=15
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Age in years [Mean (SD) not reported] [Median (IQR)]:
- Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system): 68 (8.5)
- Standard rehabilitation: 68 (8.5)

Sex (M/F):
- Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system): n=10/n=5

- Standard rehabilitation: n=5/n=10

Time since diagnosis in years [Mean (SD) not reported] [Median (IQR)]:
- Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system): 8 (9.5)
- Standard rehabilitation: 13 (7.5)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system)

Protocol intervention group: Mixed (Rehabilitation interventions to address stability — Balance exercises; Rehabilitation
interventions to address mobility — Gait training)

Delivery setting: Parkinson’s disease neurorehabilitation unit
Number/frequency of sessions: 5x 40-minute sessions per week

Duration: 4 weeks
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Duration of follow-up

Sources of funding

Practitioner(s): Physiotherapist

Participants performed the same amount of training as the control group but used the Rysen system, a 3D bodyweight
support system. The Rysen system is designed to enhance balance reactions and maintain natural gait patterns. It
includes a harness with safety buckles to prevent falls and allow physiotherapists to personalise assistive forces,
simulating various terrains and real-life conditions with different exercise modes:

- Stand up: Initiates training by aiding postural alignment,

- Walking: Performs gait exercises with adjustable supports,

- Static and dynamic balance: Shifts weight to find equilibrium within virtual boundaries,
- Stairs: Simulates stair climbing with lateral resistance for balance support,

- Sit down: Returns the participants to a sitting position at the session's end or as an exercise.
Control

Name: Standard rehabilitation

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Parkinson’s disease neurorehabilitation unit

Number/frequency of sessions: 5x 40-minute sessions per week

Duration: 4 weeks

Practitioner(s): Physiotherapist

Participants underwent a conventional rehabilitation programme including obstacle navigation, tandem and slalom
walking, gait training, sit-to-stand exercises for core stability, weight-shifting in an upright position, and monopodal and
bipodal balance exercises. These exercises aimed to improve postural control, walking ability, and balance, similar to
those in the experimental group but tailored to individual needs. Physiotherapists supervised all sessions to prevent falls.

Post-intervention (4 weeks from baseline)

Not industry funded
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Sample size N=30
- Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system): n=15

- Standard rehabilitation: n=15

IQR: interquartile range; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

o Post-intervention (4 weeks from baseline)

Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system) versus standard rehabilitation: Gait
and balance

Gait and balance as measured by TBG - Polarity - Higher values are better

Balance as measured by BBS - Polarity - Higher values are better

Outcome Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system) vs Standard
rehabilitation, Post-intervention vs Baseline, N2 =15, N1 =15

TBG 1.32 (1.88), p=0.487
Mean
(SD)
BBS 3.60 (2.19), p=0.112
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Outcome Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system) vs Standard
rehabilitation, Post-intervention vs Baseline, N2 =15, N1 =15

Mean
(SD)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation; TBG: Tinetti balance and gait

Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system) versus standard rehabilitation:
Functioning

Functioning as measured by FIM - Polarity - Higher values are better

Outcome Bodyweight supported gait training plus bodyweight supported balance exercises (Rysen system) vs Standard
rehabilitation, Post-intervention vs Baseline, N2 =15, N1 =15

FIM 12.36 (3.36), p=0.001

Mean
(SD)

FIM: functional independence measure; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Some concerns

randomisation process randomisation process (Block randomisation using web-based app, no further information on
randomisation process or allocation concealment. No statistical differences in
baseline characteristics.)
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Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question
Risk of bias for deviations
from the intended

interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result
Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Some concerns

(No information provided on whether participants or personnel were blinded,
however, there is no reason to suspect any deviations due to the experimental
context. No information if intention-to-treat analysis performed.)

Low

(There is no report of loss to follow-up or withdrawal from the study, however,
outcome data were likely available for all or nearly all participants randomised
as figure 3 provides data points that account for all individuals in each group
for FIM (and for an additional scale measurement not considered in this
review) which was collected at the same timepoint as TBG and BBS.)

Low
(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

Some concerns
Directly applicable

Not applicable

BBS: Berg balance scale; FIM: functional independence measure; TBG: Tinetti balance and gait

Clerici, 2017
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Bibliographic Clerici, llaria; Ferrazzoli, Davide; Maestri, Roberto; Bossio, Fabiola; Zivi, llaria; Canesi, Margherita; Pezzoli, Gianni; Frazzitta,
Reference Giuseppe; Rehabilitation in progressive supranuclear palsy: Effectiveness of two multidisciplinary treatments.; PloS one;
2017; vol. 12 (no. 2); e0170927

Study details

Country/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates April 2014 - December 2015
Inclusion criteria - Diagnosed with progressive supranuclear palsy based on the The National Institute of Neurological Disorders and

Stroke and Society for Progressive Supranuclear Palsy International Criteria,
- Able to walk unaided for a minimum of least 6 metres,

- Consistent dopaminergic drugs dosage in the month prior to enrolment.

Exclusion criteria - Other major neurological or orthopaedic disorder,
- Osteoarthritis, osteoporosis, cutaneous lesions and/or other pressure wounds,
- Weighing 135 kilograms or higher corresponding to the maximum weight limit for Lokomat,

- Respiratory and cardiovascular diseases.

Patient N=24 adults with progressive supranuclear palsy

characteristics ) _ L e . _ I
- Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation: n=12

- "Treadmill plus' training plus multidisciplinary intensive rehabilitation: n=12

Age in years [Mean (SD)]:
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- Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation: 69.9 (5.2)

- 'Treadmill plus' training plus multidisciplinary intensive rehabilitation: 72.5 (6.1)

Sex (M/F):
- Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation: n=5/n=7

- "Treadmill plus' training plus multidisciplinary intensive rehabilitation: n=7/n=5

Time since diagnosis in years [Mean (SD)]:
- Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation: 4.1 (1.4)

- "Treadmill plus' training plus multidisciplinary intensive rehabilitation: 4.0 (1.2)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation
Protocol intervention group: Rehabilitation interventions to address mobility — Gait training
Delivery setting: Hospital

Number/frequency of sessions: 5x 20-minutes per week for robotic-assisted gait training and 4x 60-minute intensive
rehabilitation sessions over 5 days

Duration: 4 weeks

Practitioner(s): Physiotherapist for the robotic assisted gait training treadmill component and Neurologists, Physiatrist,
Physiotherapists, Occupational therapists, Speech therapists, Nurses, Neuropsychologist and Nutritionist for
multidisciplinary intensive rehabilitation
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The robot gait assisted group underwent 20-minutes of Lokomat training every day which is a driven-gait orthosis
enabling gait on a treadmill by mimicking human physiological stride patterns. The maximum speed was set to tolerance
for each participant capping at 2.5 kilometres per hour.

The intervention was part of the second session of multidisciplinary intensive rehabilitation which was aerobic, motor-
cognitive and goal based in nature. It ran over the 4 weeks with four daily 1-hour sessions, including recovery period, for
five days each week. Exercise intensity was 70-80% of heart rate. The first daily session was a one-on-one session with
a physical therapist, the second session involved aerobic and repetitive activities for gait balance using the Lokomat,
cycloergometer, crossover and posturographic platform with visual feedback, the third session was occupational therapy
and last session was speech therapy.

Control

Name: "Treadmill plus' training plus multidisciplinary intensive rehabilitation
Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Hospital

Number/frequency of sessions: 5x 20-minutes per week for ‘treadmill plus’ and 4x 60-minute intensive rehabilitation
sessions over 5 days

Duration: 4 weeks

Practitioner(s): Physiotherapist for the treadmill component and Neurologists, Physiatrist, Physiotherapists, Occupational
therapists, Speech therapists, Nurses, Neuropsychologist and Nutritionist for multidisciplinary intensive rehabilitation

The comparator group underwent 20-minutes of 'treadmill-plus' training every day with maximum speed tolerance
determined during the first session (initially at 1.0-1.5 kilometres per hour). Over sessions, speed gradually increased to
a maximum of 2.5 kilometres per hour based on tolerance. Visual and auditory cues were used during training. The
participant had to reach a visual target each stride noted by two horizontal lines and was individualised based on gender,
height and age. Alternate right and left footprints were shown on the screen, with feedback messages when the feet
successfully fell within the two lines and auditory cues were music beats mapped with the visual cues.
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The intervention was part of the second daily session of multidisciplinary intensive rehabilitation as described above,
except on the second daily session participants in this group used the 'treadmill-plus’ instead of Lokomat.

Duration of follow-up Post-intervention (4 weeks from baseline)
Sources of funding Not industry funded

Sample size N=24
- Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation: n=12

- "Treadmill plus' training plus multidisciplinary intensive rehabilitation: n=12

Other information PSPRS-gait (measure of gait) and PSPRS-limb (measure of limb/joint/muscle function) also reported but not extracted
as sub-domain of PSPRS and not a global measure.

N/n: number of participants; PSPRS: progressive supranuclear palsy rating scale; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (4 weeks from baseline)

Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation versus 'treadmill plus’ training plus
multidisciplinary intensive rehabilitation: Gait and balance

Balance as measured by BBS - Polarity - Higher values are better
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Outcome Robotic-assisted gait training (Lokomat) plus multidisciplinary  'Treadmill plus' training plus multidisciplinary intensive

intensive rehabilitation, Post-intervention vs Baseline, N = 12 rehabilitation, Post-intervention vs Baseline, N =12
BBS 9.5 (6.5t0 19) 10.5 (8 to 20.5)
Median
(IQR)

BBS: Berg balance scale; IQR: interquartile range; N/n: number of participants

Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation versus 'treadmill plus' training plus
multidisciplinary intensive rehabilitation: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Robotic-assisted gait training (Lokomat) plus multidisciplinary  'Treadmill plus' training plus multidisciplinary intensive

intensive rehabilitation, Post-intervention vs Baseline, N = 12 rehabilitation, Post-intervention vs Baseline, N = 12
6MWT 32.5 (19.5 10 99.5) 55.5 (-3 t0 67.5)
Median
(IQR)

IQR: interquartile range; N/n: number of participants; 6MWT: 6 minute walk test

Robotic-assisted gait training (Lokomat) plus multidisciplinary intensive rehabilitation versus 'treadmill plus’ training plus
multidisciplinary intensive rehabilitation: Functioning

Functioning as measured by PSPRS - Polarity - Lower values are better

Outcome Robotic-assisted gait training (Lokomat) plus multidisciplinary  'Treadmill plus' training plus multidisciplinary intensive
intensive rehabilitation, Post-intervention vs Baseline, N = 12 rehabilitation, Post-intervention vs Baseline, N = 12

PSPRS -5 (-5.5t0 -3.5) -8 (-9.5 to -5)
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Outcome Robotic-assisted gait training (Lokomat) plus multidisciplinary  'Treadmill plus' training plus multidisciplinary intensive
intensive rehabilitation, Post-intervention vs Baseline, N = 12 rehabilitation, Post-intervention vs Baseline, N =12

Median
(IQR)

IQR: interquartile range; N/n: number of participants; PSPRS: progressive supranuclear palsy rating scale

Critical appraisal — Cochrane RoB 2

Section Question

Domain 1: Bias arising from the Risk of bias judgement for the
randomisation process randomisation process

Domain 2a: Risk of bias due to Risk of bias for deviations from
deviations from the intended the intended interventions (effect

interventions (effect of assignment to of assignment to intervention)
intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement of Risk-of-bias judgement for

the outcome measurement of the outcome
Domain 5. Bias in selection of the Risk-of-bias judgement for
reported result selection of the reported result
Overall bias and Directness Risk of bias judgement

Answer

Some concerns

(No information provided on allocation concealment. Otherwise,
allocation was random by computer generated sequence and no reason
to indicate baseline characteristics differed between groups with no
statistically significant differences reported.)

Low

(Participants and personnel were probably aware of allocation,
however, there were no apparent deviations due to the experimental
context. Intention-to-treat analysis performed.)

Low
(Outcome data were available for all participants randomised.)

Low
(Method of outcome assessment was standard and appropriate and
outcome assessors were blinded to allocation.)

Low

(Clinical trials protocol was available prior to study conduct with pre-
specified outcomes listed; all relevant scales, time points and analysis
results reported.)

Some concerns
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Section Question Answer

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across Not applicable
outcomes

Conradsson, 2015
Bibliographic Conradsson, David; Lofgren, Niklas; Nero, Hakan; Hagstromer, Maria; Stahle, Agneta; Lokk, Johan; Franzen, Erika; The

Reference Effects of Highly Challenging Balance Training in Elderly With Parkinson's Disease: A Randomized Controlled Trial.;
Neurorehabilitation and neural repair; 2015; vol. 29 (no. 9); 827-36

Study details

Country/ies where Sweden
study was carried out

Study type Randomised controlled trial (RCT)

Study dates 2012 - 2013 (no further details reported)

Inclusion criteria - Community-dwelling individuals with a clinical diagnosis of idiopathic Parkinson's disease (Queens Square Brain Bank
criteria),

- Impaired balance, such as instability during postural transfers and gait impairments (determined through clinical
assessment),

- Hoehn and Yahr stage 2 to 3,

- Aged 60 years or older,

- Ability to independently ambulate indoors without a walking aid,
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- 3 weeks or more of stable anti-Parkinson’s medication.

Exclusion criteria - Mini-Mental State Examination score of lower than 24,

- Other medical conditions that would substantially influence balance performance or participation in the intervention.

Patient N=100 adults with idiopathic Parkinson’s disease
characteristics ) o
- Hi Balance training programme: n=51

- Usual care: n=49

Age in years [Mean (SD)]:
- Hi Balance training programme: 72.9 (6.0)

- Usual care: 73.6 (5.3)

Sex (M/F):
- Hi Balance training programme: n=28/n=19

- Usual care: n=23/n=22

Time since diagnosis in years [Mean (SD)]:
- Hi Balance training programme: 6.0 (5.1)

- Usual care: 5.6 (5.0)

Chronic neurological disorder category: Progressive neurological diseases
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Intervention(s)/control

Note: Baseline characteristics were only reported for participants analysed (n=47 for Hi Balance training programme and
n=44 for usual care).

Intervention

Name: Hi Balance training programme

Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises

Delivery setting: Community - community hospital, group based (4-7 participants)

Number/frequency of sessions: 3x 60-minute sessions per week

Duration: 10 weeks

Practitioner(s): Physiotherapists

Based on motor-learning principles (specificity, progressive overload, and variation) and tailored to ability.

Dual tasking exercises were gradually integrated to the balance exercises to address cognitive impairments, for
example, by adding cognitive tasks such as counting, or remembering items; and/or motor tasks such as carrying and/or
manipulating objects.

The programme was also designed to address balance deficits specific to Parkinson's disease.

Participants in both groups were advised to maintain their normal level of exercise throughout the intervention period.
Control

Name: Usual care

Protocol description: Control (usual care)

Delivery setting: Not applicable

Number/frequency of sessions: Not applicable

Practitioner(s): Not applicable
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Participants in the control group were encouraged to maintain normal physical activity and were not restricted from
participating in ongoing rehabilitation programs. Participants in both groups were advised to maintain their normal level
of exercise throughout the intervention period.

Duration of follow-up Post-intervention (10 weeks from baseline)
Sources of funding Not industry funded

Sample size N=100 people with Parkinson's disease
- Hi Balance training programme: n=51

- Usual care: n=49

Other information Mini-BESTest scores reported in the article as mean change (95% ClI). Converted to mean (SD) using agreed
calculations for this report.
ClI: confidence interval; Mini-BESTest: mini balance evaluation systems test; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (10 weeks from baseline)

Hi Balance training programme versus usual care: Gait and balance

Gait and balance as measured by Mini-BESTest — Polarity — Higher values are better
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Outcome Hi Balance training programme, Post-intervention vs Baseline, N =47 Usual care, Post-intervention vs Baseline, N = 44
Mini-BESTest 3 (2.38) 0.9 (2.8)
Mean (SD)

Mini-BESTest: mini balance evaluation systems test; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (Randomisation carried out using web-based software and allocation
concealment achieved through use of sealed envelopes. Unable to determine
potential imbalances between randomised participants at baseline as
characteristics are only presented for participants analysed rather than

randomised.)

Domain 2a: Risk of bias due to  Risk of bias for deviations Some concerns

deviations from the intended from the intended (Blinding was not possible and 1 participant from each arm dropped out and

interventions (effect of interventions (effect of was excluded from analysis due to either not liking the intervention or not liking

assignment to intervention) assignment to intervention) the control group allocation. Authors state that a per-protocol approach was
used. These dropouts were unlikely to substantially impact results (<56% in
each arm).)

Domain 3. Bias due to missing Risk-of-bias judgement for High

outcome data missing outcome data (Missing outcome data was 7.8% and 10% in the intervention and control arm,

respectively with reasons relating to changed health status (n=2 intervention,
n=3 control), did not like intervention or group allocation (n=1 each arm), family
issues (n=1 each arm). Authors state that intention-to-treat and per-protocol
results were similar, however, this does not substitute a sensitivity analysis and
it is possible that missingness relates to true value as details relating to health
status were unclear.)

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
205



FINAL

Stability, mobility and upper limb function

Section

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness
Overall bias and Directness

N/n: number of participants

Question
Risk-of-bias judgement for

measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Low
(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Some concerns

(Published protocol with pre-specified analysis plan as well as pre-registration
on clinicaltrials.gov. The protocol was submitted for publication in May 31 2012
and data collection was reported to begin in Spring 2012. The protocol analysis
plan did not mention analysis intentions relating to intention-to-treat or per-
protocol methods whilst methods in the paper state the selection of a per-
protocol over intention-to-treat analysis as results between the two analyses
were found to be similar when viewed by the authors (intention-to-treat data not
presented). Trial registration and protocol reports plans of 6 and 12 month
follow-up which are not reported in the current paper but unlikely selected on
basis of results as these were reported in a separate paper (Wallén 2018).)

High
Directly applicable

Not applicable

Coote, 2015
Bibliographic Coote, Susan; Hughes, Lonan; Rainsford, Gary; Minogue, Conor; Donnelly, Alan; Pilot randomized trial of progressive
Reference resistance exercise augmented by neuromuscular electrical stimulation for people with multiple sclerosis who use walking

aids.; Archives of physical medicine and rehabilitation; 2015; vol. 96 (no. 2); 197-204
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Study details

Country/ies where
study was carried out

Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient
characteristics

Ireland

Randomised controlled trial (RCT)
2010 (specific dates not reported)

- Use a walking aid "... most of the time ...",

- Able to walk at least 10 metres unaided.

- Contraindications to electrical stimulation,
- Had participated in an exercise programme in the last month,

- Had a relapse or commenced steroids in the previous 3 months.

N=37 adults with multiple sclerosis
- Neuromuscular electrical stimulation plus progressive resistance training: n=19

- Progressive resistance training: n=18

Age in years [Mean (SD)]:
- Neuromuscular electrical stimulation plus progressive resistance training: 51.8 (12.6)

- Progressive resistance training: 51.8 (12.1)

Sex (n):

- Neuromuscular electrical stimulation plus progressive resistance training: n=4/n=11
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Intervention(s)/control

- Progressive resistance training: n=4/n=6

Time since diagnosis in years [Mean (SD)]:
- Neuromuscular electrical stimulation plus progressive resistance training: 11.8 (5.5)

- Progressive resistance training: 12.2 (4)

Chronic neurological disorder category: Progressive neurological diseases

Note: Baseline characteristics were only reported for participants analysed (n=15 for neuromuscular electrical stimulation
plus progressive resistance training and n=10 for progressive resistance training).

Intervention

Name: Neuromuscular electrical stimulation plus progressive resistance training

Protocol intervention group: Rehabilitation interventions to address mobility — Lower limb wearables, electrical
stimulation and lower-body robotics.

Delivery setting: Community, participant’'s home

Number/frequency of sessions: 30 sessions (2x per week for the first 6 weeks and 3x per week from week 7 to 12)

Duration: 12 weeks
Practitioner(s): Participant directed (provision of initial training not reported in detail)

The 'Kneehab' is a synthetic garment consisting of 4 electrodes placed on the thigh with the aim of activating the
quadriceps muscle. It is worn on the weaker leg for the quadricep exercises, with strength testing used to determine this.

Control

Name: Progressive resistance training
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Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Community, participant’s home

30 sessions (2x per week for the first 6 weeks and 3x per week from week 7 to 12)

Duration: 12 weeks

Practitioner(s): Participant directed (provision of initial training not reported in detail)

Six lower limb exercises using stable surfaces to reduce fall risk.
Duration of follow-up Post-intervention (12 weeks from baseline)
Sources of funding Not industry funded

Sample size N=37
- Neuromuscular electrical stimulation plus progressive resistance training n=19

- Progressive resistance training n=18
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

e Post-intervention (12 weeks from baseline)

Neuromuscular electrical stimulation plus progressive resistance training versus progressive resistance training: Gait and balance

Gait and balance as measured by TUG - Polarity - Lower values are better
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Gait as measured by MSWS-12 - Polarity - Lower values are better

Balance as measured by BBS - Polarity - Higher values are better

Outcome Neuromuscular electrical stimulation plus progressive resistance training, Progressive resistance training, Post-
Post-intervention vs Baseline, N = 15 intervention vs Baseline, N = 10

TUG -1.6 (3.6) -0.6 (8.6)
Median

(SIQR)

MSWS-12 -6.5(15.8) -5 (14.5)
Median

(SIQR)

BBS 3.5 (6) 5(4.5)

Median
(SIQR)

BBS: Berg balance scale; MSWS-12: multiple sclerosis walking scale-12; N/n: number of participants; SIQR: semi-interquartile range; TUG: timed up and go test

Critical appraisal — Cochrane RoB 2
Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low
randomisation process randomisation process (Adequate randomisation and concealment methods. Unable to determine

potential imbalances between randomised participants at baseline as

characteristics areonly presented for participants analysed rather than
randomised.)

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

210



FINAL

Stability, mobility and upper limb function

Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

High

(‘Naive per-protocol’ analysis was used with 2/18 (11%) participants excluded
from the intervention due to experiencing muscle spasm during electrical
stimulation and 1/19 (5%) patrticipant in the control excluded for non-
compliance.)

High

(8/18 (44%) and 4/19 (21%) in the intervention and comparator, respectively
dropped out of the trial and were not included in the analysis. Reasons for
dropping out were muscle spasm with device use (n=2 intervention), non-
compliance (n=1 both arms), medical problem (n=1 intervention), relapse (n=3
control), multiple sclerosis-related fatigue (n=2 control). There is no discussion
of impact of missing data or details regarding methods to control for bias due
to missing outcome data. Results probably biased by missing data and likely
that missingness relates to true value.)

High

(All measures validated and commonly used tools. MSWS-12 (high): Likely
that assessment outcome could be influenced by knowledge of allocation as is
a self-reported measure by probably unblinded participants and control is not
an active intervention. TUG, BBS (low): Outcome assessors were blinded to
allocation such that objective measurements of distance time, and so on were
unlikely influenced by knowledge of intervention received.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable
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BBS: Berg balance scale; MSWS-12: multiple sclerosis walking scale-12; N/n: number of participants; TUG: timed up and go test

Coulter, 2017

Bibliographic Coulter, E H; McLean, A N; Hasler, J P; Allan, D B; McFadyen, A; Paul, L; The effectiveness and satisfaction of web-based
Reference physiotherapy in people with spinal cord injury: a pilot randomised controlled trial.; Spinal cord; 2017; vol. 55 (no. 4); 383-389

Study details

Country/ies where UK
study was carried out

Study type Randomised controlled trial (RCT)
Study dates October 2014 - June 2015
Inclusion criteria - Spinal cord injured,

- Aged >18,

- Mobilising independently using a manual wheelchair or walking with/without aids,
- Access to a laptop, personal computer, or tablet device and the internet,
- Living in central/west Scotland,

- Able to read and understand English.

Exclusion criteria - Already exercising regularly twice per week,
- Pregnant,

- Significant comorbidity preventing exercise participation.

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
212



FINAL
Stability, mobility and upper limb function

Patient N=24 adults with spinal cord injury
characteristics o . )
- Web-based individualised physiotherapy programme: n=16

- Waitlist control: n=8

Age in years [Mean (SD)]:
- Web-based individualised physiotherapy programme: 51.5 (13.0)
- Waitlist control: 48.1 (10.6)

Sex (M/F):
- Web-based individualised physiotherapy programme: n=9/n=7

- Waitlist control: n=5/n=3

Time since injury in years [Mean (SD)]:
- Web-based individualised physiotherapy programme: 13 (11.6)
- Waitlist control: 15.7 (9.7)

Chronic neurological disorder category: Acquired spinal cord injury

Intervention(s)/control Intervention
Name: Web-based individualised physiotherapy programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Individualised (tailored) exercise programmes
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Delivery setting: Home

Number/frequency of sessions: 2x 30-minute sessions per week
Duration: 8 weeks

Practitioner(s): Physiotherapist (online)

The website www.webbasedphysio.com was used to deliver individualised exercise programs. The site included
exercise, exercise diary, advice, and education sections, with each exercise page featuring a video, a written
explanation, and an audio description. Adapted with health professionals and people with spinal cord injury, the website
featured exercises specifically for spinal cord injury individuals, who were filmed and uploaded to the exercise catalogue.
Physiotherapists prescribed personalised exercise programs including aerobic, strengthening, stretching, and balance
exercises, tailored to participants' abilities. Participants received a personal login and were advised to complete their
online exercise diary. Diaries were reviewed remotely by physiotherapists every 2 weeks, with progress discussed and
exercise programs updated as necessary.

Control

Name: Waitlist control

Protocol description: Control (waitlist)
Delivery setting: Community
Number/frequency of sessions: Not applicable
Duration: 8 weeks

Practitioner(s): Not described

Participants received usual care, consisting of self-management of their condition. They were asked to continue any
current exercise routines, such as home-based exercises, gym sessions, or exercise classes, and to keep an exercise
diary noting their activities. At the end of the study, participants were offered access to the web-based intervention.

Duration of follow-up Post-intervention (8 weeks from baseline)
Sources of funding Not industry funded
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Sample size N=24
- Web-based individualised physiotherapy programme: n=16

- Waitlist control: n=8

Other information The website, www.webbasedphysio.com, was developed by two of the authors at the University of Glasgow.
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

o Post-intervention (8 weeks from baseline)

Web-based individualised physiotherapy programme versus waitlist control: Exercise capacity
Exercise capacity as measured by 6MWT - Polarity - Higher values are better
Exercise capacity as measured by 6MPT - Polarity - Higher values are better

Note: Participants completed whichever test was suited to their primary mode of mobility. Scores have been combined for analysis.

Outcome Web-based individualised physiotherapy programme, Post-intervention vs Waitlist control, Post-intervention vs

Baseline, N=7 Baseline, N=3
6MWT 14.4 (26.2) 10.9 (55.8)
Mean
(SD)
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Outcome Web-based individualised physiotherapy programme, Post-intervention vs Waitlist control, Post-intervention vs

Baseline, N=7

6MPT  57.8(74.1)

Mean
(SD)

Baseline, N=3

5.7 (5.3)

N/n: number of participants; SD: standard deviation; 6MPT: 6 minute push test; 6MWT: 6 minute walk test

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Answer

Low

(Participants were randomised at a 2:1 ratio using a random number sequence
generated in Microsoft Excel by an independent researcher. Random numbers
were concealed in opaque envelopes. No statistical differences in baseline
characteristics.)

Some concerns

(Participants and personnel were aware of assigned intervention, however, due
to nature of intervention blinding most likely not possible. There were no
deviations based on the experimental context. No information if intention-to-
treat analysis performed.)

High

(9/16 (56.3%) and 5/8 (62.5%) of participants in the intervention and control
groups, respectively were lost to follow-up. Reason for attrition was issues with
the wheelchair, skin allergy and family commitments; other reasons related to
exercise capacity were unknown. There is no information on whether
missingness depends on true value. No sensitivity analyses conducted.)

Some concerns
(Outcome assessors were not blinded to allocation. Assessment of outcome
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Section Question Answer

could be influenced by knowledge of allocation as assessors unblinded, but not
likely as measures are standardised, validated and reproducible.)

Domain 5. Bias in selection of the Risk-of-bias judgement for Some concerns
reported result selection of the reported result (The study states that there is no published protocol.)
Overall bias and Directness Risk of bias judgement High
Overall bias and Directness Overall Directness Directly applicable
Overall bias and Directness Risk of bias variation across  Not applicable
outcomes
Curcio, 2020
Bibliographic Curcio, A; Temperoni, G; Tramontano, Marco; De Angelis, S; losa, M; Mommo, F; Cochi, G; Formisano, R; The effects of
Reference aquatic therapy during post-acute neurorehabilitation in patients with severe traumatic brain injury: a preliminary randomized

controlled trial.; Brain injury; 2020; vol. 34 (no. 12); 1630-1635

Study details

Country/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates September 2019 - April 2020
Inclusion criteria - Aged between 15 to 65 years,
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- Glasgow Coma Scale of 8 or lower,
- Level of Cognitive Functioning score of 7 or above,

- Can understand verbal instructions.

Exclusion criteria - Prior traumatic brain injury,

- Cognitive impairments challenging comprehension of instructions with Mini-Mental State Examination score of greater
than 24,

- Severe unilateral spatial neglect as determined from a test battery containing the Letter Cancellation test, Barrage test,
Sentence Reading test, and the Wundt—Jastrow Area lllusion Test,

- Severe aphasia diagnosed from neuropsychological assessment,

- Other concurrent neurological and psychiatric conditions,

- Concurrent cutaneous and mycosis infections, open wounds, eczema, skin ulcers, decubitus lesions or severe burns,
- Percutaneous Endoscopic Gastrostomy,

- Tracheostomy,

- Urinary or fecal incontinence,

- Otitis,

- Orthopedic or cardiac conditions that would prevent any form of participation in training.

Patient N=22 adults with traumatic brain injury

characteristics ) o L o
- Aquatic training plus multidisciplinary neurorehabilitation: n=11

- Land-based training plus multidisciplinary neurorehabilitation: n=11

Age in years [Mean (SD)]:
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- Aquatic training plus multidisciplinary neurorehabilitation: 37.4 (15.3)

- Land-based training plus multidisciplinary neurorehabilitation: 43.0 (14.1)

Sex (M/F):
- Aquatic training plus multidisciplinary neurorehabilitation: n=4/n=6

- Land-based training plus multidisciplinary neurorehabilitation: n=5/n=5

Time since injury in months [Mean (SD)]:
- Aquatic training plus multidisciplinary neurorehabilitation: 5.8 (2.6)

- Land-based training plus multidisciplinary neurorehabilitation: 4.8 (2.7)

Chronic neurological disorder category: Acquired brain injury

Note: Baseline characteristics only presented for participants receiving the intervention rather than randomised (n=10 for
both arms).

Intervention(s)/control Intervention
Name: Aquatic training plus multidisciplinary neurorehabilitation

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Hydrotherapy

Delivery setting: Inpatient at neurorehabilitation hospital
Number/frequency of sessions: 3x 45-minute sessions per week, totalling 12 sessions
Duration: 4 weeks

Practitioner(s): Physiotherapist for aquatic therapy training, otherwise multidisciplinary
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Duration of follow-up
Sources of funding

Sample size

Sessions occurred in a rehabilitation pool with depth from 1.1 to 1.5 metres with temperature between 30 to 32 degrees.
Immersion varied by participant based on height and exercise challenges. Water-based training was focused on dynamic
and postural stability. There was an initial 5-minute warm up with arm movement and breathing exercises, 20-minutes of
repetitive exercise beginning in kneeling, then sitting and supine position and then 20-minutes of gait step exercises
using a step and two floating aids. The gait exercises utilised upper limbs which were placed on two floating aids and
then a dual-motor task (catching a ball from the physiotherapist).

Both arms also received multidisciplinary neurorehabilitation using exercises based on individual rehabilitation protocols
and involved speech and cognitive therapy, swallowing and respiratory rehabilitation, and occupational therapy.

Control

Name: Land-based training plus multidisciplinary neurorehabilitation

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Inpatient

Number/frequency of sessions: 3x 45-minute sessions per week, totalling 12 sessions
Duration: 4 weeks

Practitioner(s): Not specified for conventional training, otherwise multidisciplinary

Standard land-based therapy lasting 45-minutes per session with individualised exercises to improve static and dynamic
postural stability. Exercises involved active-assisted mobilisation, the muscle stretching the postural transition, the
balance, and the gait training. This was in addition to multidisciplinary neurorehabilitation as described above.

Post-intervention (4 weeks from baseline)
Not industry funded

N=22
- Aquatic training plus multidisciplinary neurorehabilitation: n=11

- Land-based training plus multidisciplinary neurorehabilitation: n=11

N/n: number of participants; SD: standard deviation
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Outcomes
Study timepoints
o Baseline

o Post-intervention (4 weeks from baseline)

Aquatic therapy training plus multidisciplinary neurorehabilitation versus land-based training plus multidisciplinary neurorehabilitation:
Gait and balance

Gait and balance as measured by TBG - Polarity - Higher values are better

Balance as measured by BBS - Polarity - Higher values are better

Outcome Agquatic training plus multidisciplinary neurorehabilitation, Land-based training plus multidisciplinary neurorehabilitation,

Post-intervention vs Baseline, N =10 Post-intervention vs Baseline, N =10
TBG 2.1(2.94) 1.4 (5.94)
Mean
(SD)
BBS 3.1 (6.08) 3.6 (13.01)
Mean
(SD)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation;, TBG: Tinetti balance and gait

Aquatic therapy training plus multidisciplinary neurorehabilitation versus land-based training plus multidisciplinary neurorehabilitation:
Limb/joint/muscle function
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Spasticity as measured by MAS - Polarity - Lower values are better

Outcome Aquatic training plus multidisciplinary neurorehabilitation, Land-based training plus multidisciplinary neurorehabilitation,

Post-intervention vs Baseline, N =10 Post-intervention vs Baseline, N =10
MAS -0.12 (0.35) -0.04 (0.28)
Mean
(SD)

MAS: modified Ashworth scale; N/n: number of participants; SD: standard deviation

Aquatic therapy training plus multidisciplinary neurorehabilitation versus land-based training plus multidisciplinary neurorehabilitation:
Functioning

Functioning as measured by DRS - Polarity - Lower values are better

Outcome Agquatic training plus multidisciplinary neurorehabilitation, Land-based training plus multidisciplinary neurorehabilitation,

Post-intervention vs Baseline, N =10 Post-intervention vs Baseline, N =10
DRS -0.3 (1.1) -0.2 (1.92)
Mean
(SD)

DRS: disability rating scale; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2
Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low
randomisation process randomisation process (Computer generated block randomisation with person managing
randomisation independent from the trial. The same independent researcher
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Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness
Overall bias and Directness

N/n: number of participants

Donkers, 2020

Question

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result
Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

placed the randomisation list on a secure web-based storage platform. Unable
to determine potential imbalances between randomised participants at
baseline as characteristics are only presented for participants analysed rather
than randomised.)

Low

(Participants and personnel were aware of assigned intervention, however,
there were no apparent deviations due to experimental context and likely that
modified intention-to-treat analysis used.)

Some concerns

(Missing outcome data were present for 1/11 (9%) participant in each arm.
These participants were discharged prior to intervention and baseline
assessment and not included in the analysis and it is possible but unlikely that
the missingness in the outcome depended on it's true value.)

Low
(Method of outcome assessment was standard and appropriate and unlikely to
have differed between groups.)

Low
(No information on protocol or pre-specified analysis plan.)

Some concerns
Directly applicable

Not applicable
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Bibliographic Donkers, Sarah J; Nickel, Darren; Paul, Lorna; Wiegers, Shyane R; Knox, Katherine B; Adherence to Physiotherapy-Guided
Reference Web-Based Exercise for Persons with Moderate-to-Severe Multiple Sclerosis: A Randomized Controlled Pilot Study.;
International journal of MS care; 2020; vol. 22 (no. 5); 208-214

Study details

Country/ies where Canada
study was carried out

Study type Randomised controlled trial (RCT)
Study dates March 2017 - October 2018
Inclusion criteria - Clinically definite multiple sclerosis,

- Moderate-to-severe disability (Patient-Determined Disease Steps scale score of 2 to 7),
- Aged 18 years or older,
- Ability to access the internet from their current living environment,

- For non-clinic recruits: consent to access medical records to confirm multiple sclerosis diagnosis.

Exclusion criteria - Current participation in exercise twice a week or more,
- Residence more than 300 kilometres from Saskatoon, Saskatchewan, Canada,
- Severe cognitive impairment,

- Inability to provide informed consent, as judged by the research physiotherapists.

Patient N=48 adults with multiple sclerosis

characteristics . .
- Web-based tailored physiotherapy programme: n=32

- Standardised physiotherapy programme: n=16
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Age in years [Mean (SD)]:
- Web-based tailored physiotherapy programme: 54.6 (11.9)
- Standardised physiotherapy programme: 53.8 (12.2)

Sex (M/F):
- Web-based tailored physiotherapy programme: n=12/n=20
- Standardised physiotherapy programme: n=5/n=11

Time since diagnosis in years [Mean (SD)]:
- Web-based tailored physiotherapy programme: 20.0 (11.3)
- Standardised physiotherapy programme: 18.4 (10.7)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Web-based tailored physiotherapy programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Individualised (tailored) exercise programmes

Delivery setting: Home
Number/frequency of sessions: 2x sessions per week with duration not reported

Duration: 26 weeks
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Duration of follow-up
Sources of funding

Sample size

Practitioner(s): Physiotherapist

Participants had their exercise programme and diary set up during the baseline visit on www.giraffehealth.com (formerly
webbasedphysio.com). The website offers exercises with videos, text, and audio descriptions, prescribed by a
physiotherapist. The physiotherapist reviewed electronic diaries and made remote adjustments based on feedback. The
exercise and educational materials were developed with input from individuals with mild-to-moderate multiple sclerosis in
the UK. For this pilot study, a focus group including 2 advanced multiple sclerosis patient advisors, a psychiatrist, and 4
experienced physiotherapists, including the creator of webbasedphysio, developed additional exercises for more
advanced disabilities, including seated versions and new core and upper extremity exercises. Participants were informed
that their physiotherapist would review and adjust their exercise programme remotely every 2 weeks, based on their
online exercise diary. They were also encouraged to contact their physiotherapist for any changes needed. Online
exercise diaries were continuously collected.

Control

Name: Standardised physiotherapy programme

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Home

Number/frequency of sessions: Not reported

Duration: 26 weeks

Practitioner(s): Physiotherapist

Participants received a written, home-based exercise programme aligned with standard outpatient physiotherapy
practices. They were required to keep a paper exercise diary, which was mailed to the study coordinator at 3 and 6
months. Physiotherapists did not review these diaries, but participants could email their physiotherapist for programme
adjustments if needed.

Post-intervention (26 weeks from baseline)

The study was partially funded by Hermes Canada

N=48
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- Web-based tailored physiotherapy programme: n=32
- Standardised physiotherapy programme: n=16

Other information One of the authors is co-inventor of the Web-based physiotherapy platform but was not involved in data collection or
analysis.
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (26 weeks from baseline)

Web-based tailored physiotherapy programme versus standardised physiotherapy programme: Gait and balance

Gait and balance as measured by TUG - Polarity - Lower values are better

Outcome Web-based tailored physiotherapy programme, Post- Standardised physiotherapy programme, Post-intervention
intervention vs Baseline, N =18 vs Baseline, N =8

TUG -2.5 (9.26) -2.9 (12.9)

Mean

(SD)

N/n: number of participants; SD: standard deviation; TUG: timed up and go test

Web-based tailored physiotherapy programme versus standardised physiotherapy programme: Gait and balance
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Gait as measured by T25FWT - Polarity - Lower values are better

Outcome Web-based tailored physiotherapy programme, Post- Standardised physiotherapy programme, Post-intervention
intervention vs Baseline, N = 17

T25FWT  -0.1 (4.51)

Mean
(SD)

vs Baseline, N =8

-4.4 (21.29)

N/n: number of participants; SD: standard deviation; T25FWT: timed 25 foot walk test

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Answer

Some concerns

(Participants were randomised at a 2:1 ratio using an online service
(www.random.org). No further information on randomisation process or
allocation concealment. No statistical differences between baseline
characteristics.)

Low

(Although participants and personnel were aware of assigned intervention, there
were no deviations due to the experimental context. Baseline assessments
were conducted before the physiotherapist knew the participant’s random
assignment. Intention-to-treat analyses were performed.)

High

(15/32 (46.9%) (14/32 (43.8%) for outcome measured by TUG) and 8/16 (50%)
of participants in the intervention and control groups, respectively were lost to
follow-up. Analysis conducted by replacing missing values with 0. There is no
evidence on whether the results were biased by missing outcome data. There is
no information on whether the missing data depends on the true value.)
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Section Question

Domain 4. Bias in measurement Risk-of-bias judgement for
of the outcome measurement of the outcome

Domain 5. Bias in selection of Risk-of-bias judgement for

the reported result selection of the reported
result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

TUG: timed up and go test

Esclarin-Ruz, 2014

Answer

Low
(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Low
(Protocol available. All relevant scales and analysis results reported.)

High
Directly applicable

Not applicable

Bibliographic Esclarin-Ruz, Ana; Alcobendas-Maestro, Monica; Casado-Lopez, Rosa; Perez-Mateos, Guillermo; Florido-Sanchez, Miguel

Reference Angel; Gonzalez-Valdizan, Esteban; Martin, Jose Luis R; A comparison of robotic walking therapy and conventional walking
therapy in individuals with upper versus lower motor neuron lesions: a randomized controlled trial.; Archives of physical
medicine and rehabilitation; 2014; vol. 95 (no. 6); 1023-31

Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)
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Study dates

Inclusion criteria

Exclusion criteria

Patient
characteristics

November 2007 - December 2010

- C2 to T11 spinal cord injury upon entry with American Spinal Injury Association Impairment Scale grades C and D and
only upper motor neuron findings,

- T12 to L3 spinal cord injury upon entry with American Spinal Injury Association Impairment Scale grades C and D and
only lower motor neuron findings,

- Traumatic and nontraumatic, nonprogressive lesions,
- Onset less than 6 months,
- Age 16 to 70 years,

- Able to stand with assistance throughout the previous week at minimum (includes outside support, without orthostatic
clinical signs but can still walk),

- Informed consent.

- Orthopedic injuries which are not stable,

- Osteoporosis with great risk of pathological fracture,

- Cutaneous lesions and/or pressure ulcers located where the harness of the Lokomat or thigh straps will be placed,
- Joint rigidity,

- Asymmetry of lower extremity length of over 2 centimetres,

- Pulmonary or heart disease which would need to be monitored during fitness training,

- Weighing over 150 kilograms,

- History of spinal injury.

N=88 adults with spinal cord injury (lower motor neuron or upper motor neuron injuries)

- Robotic-assisted gait training (Lokomat) plus standard physical treatment: n=44
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- Lower motor neuron injuries: n=22
- Upper motor neuron injuries: n=22

- Conventional overground gait training plus standard physical treatment
- Lower motor neuron injuries: n=22

- Upper motor neuron injuries: n=22

Age in years [Mean (SD)]:

- Robotic-assisted gait training (Lokomat) plus standard physical treatment: Lower motor neuron injuries 36.4 (12); upper
motor neuron injuries 43.6 (12)

- Conventional overground gait training plus standard physical treatment: Lower motor neuron injuries 42.7 (18); upper
motor neuron injuries 44.9 (7)

Sex (M/F):

- Robotic-assisted gait training (Lokomat) plus standard physical treatment: Lower motor neuron injuries n=14/n=6;
upper motor neuron injuries n=15/n=6

- Conventional overground gait training plus standard physical treatment: Lower motor neuron injuries n=17/4; upper
motor neuron injuries n=13/n=8

Time since injury in days [Mean (SD)]:

- Robotic-assisted gait training (Lokomat) plus standard physical treatment: Lower motor neuron injuries 117.9 (25.6);
upper motor neuron injuries 125.6 (65.2)

- Conventional overground gait training plus standard physical treatment: Lower motor neuron injuries 109 (50.5); upper
motor neuron injuries 140.3 (45.5)
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Intervention(s)/control

Chronic neurological disorder category: Acquired spinal cord injury

Note: Study characteristics at baseline presented by spinal injury group (lower versus upper motor neuron injuries) and
for participants analysed (n=21 for each subgroup arm apart from intervention group with lower motor neuron injuries
(n=20)).

Intervention

Name: Robotic-assisted gait training (Lokomat) plus standard physical treatment

Protocol intervention group: Rehabilitation interventions to address mobility — Gait training
Delivery setting: Specialist spinal cord injury hospital

Number/frequency of sessions: 40x 60-minute sessions (30-minutes robotic-assisted gait training, 30-minutes standard
physical treatment), 5 days per week

Duration: 8 weeks
Practitioner(s): Physiotherapist

Participants underwent 30-minutes of robot-assisted gait training with Lokomat, a driven gait orthosis which automates
locomotion therapy, was performed on a treadmill at a comfortable speed (based on preference) with partial bodyweight.
Orthoses were individualised to injury level and motor function ability. Bodyweights were set at first 60% of bodyweight
and reduced based on load tolerance with minimum 25% support. Participants also received 30-minutes of standard
physical treatment, including joint mobilisation below the area of the spinal injury, strengthening, muscle stretching,
postural relaxation techniques, trunk stabilisation, rotation work and self-care skill training.

Control

Name: Conventional overground gait training plus standard physical treatment
Protocol description: Control (standard rehabilitation)

Delivery setting: Specialist spinal cord injury hospital

Number/frequency of sessions: 40x 60-minute sessions (30-minutes conventional overground training, 30-minutes
standard physical treatment), 5 days per week
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Duration of follow-up
Sources of funding

Sample size

Other information

Duration: 8 weeks
Practitioner(s): Physiotherapist

Participants underwent 30-minutes of standard physical treatment (as described above) and 30-minutes of overground
walking gait training.

Post-intervention (time since baseline not reported)
Not reported

N=88

- Robotic-assisted gait training (Lokomat) plus standard physical treatment: 44 (22 with lower motor neuron injuries, 22
with upper motor neuron injuries)

- Conventional overground gait training plus standard physical treatment: 44 (22 with lower motor neuron injuries, 22 with
upper motor neuron injuries)

The study included data from the 20-session mark for the 7 participants lost to follow-up (2 in intervention and 5 in
control arm) so that they could be included in intention-to-treat analysis.

C: cervical; N/n: number of participants; SD: standard deviation; T: thoracic

Outcomes
Study timepoints

o Baseline

e Post-intervention (time from baseline not reported)

Robotic-assisted gait training (Lokomat) plus standard physical treatment versus conventional overground gait training plus standard
physical treatment: Gait and balance

Gait as measured by 10MWT - Polarity - Higher values are better
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Outcome Robotic-assisted gait training (Lokomat) plus standard Conventional overground gait training plus standard physical
physical treatment, Post-intervention vs Baseline, N = 36 treatment, Post-intervention vs Baseline, N = 36

10MWT 0.17 (0.19) 0.11 (0.24)

Mean

(SD)

m/s: metres per second; N/n: number of participants; SD: standard deviation; 10MWT: 10 metre walk test

Robotic-assisted gait training (Lokomat) plus standard physical treatment versus conventional overground gait training plus standard
physical treatment: Gait and balance

Gait as measured by WISCI Il - Polarity - Higher values are better

Outcome Robotic-assisted gait training (Lokomat) plus standard Conventional overground gait training plus standard physical
physical treatment, Post-intervention vs Baseline, N = 41 treatment, Post-intervention vs Baseline, N = 42

WISCI Il 7.02 (3.28) 5.97 (3.17)

Mean

(SD)

N/n: number of participants; SD: standard deviation; WISCII: walking index for spinal cord injury

Robotic-assisted gait training (Lokomat) plus standard physical treatment versus conventional overground gait training plus standard
physical treatment: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better
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Outcome Robotic-assisted gait training (Lokomat) plus standard

Conventional overground gait training plus standard physical
physical treatment, Post-intervention vs Baseline, N = 33

treatment, Post-intervention vs Baseline, N = 31

6MWT  76.07 (67.5) 39.88 (74.38)

Mean
(SD)

N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test

Robotic-assisted gait training (Lokomat) plus standard physical treatment versus conventional overground gait training plus standard
physical treatment: Limb/joint/muscle function

Lower limb functioning as measured by LEMS - Polarity - Higher values are better

Outcome Robotic-assisted gait training (Lokomat) plus standard

Conventional overground gait training plus standard physical
physical treatment, Post-intervention vs Baseline, N = 41

treatment, Post-intervention vs Baseline, N = 42

LEMS  7.38(8.29) 3.93 (8.09)

Mean
(SD)

LEMS: lower extremity motor score; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2
Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (Centrally computerised allocated randomisation was performed. Unable to

determine potential imbalances between randomised participants at baseline
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Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness

Overall bias and Directness

Question

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result
Risk of bias judgement

Overall Directness

Answer

as characteristics are only presented for participants analysed rather than
randomised.)

Some concerns

(Participants and personnel were aware of assigned intervention and there was
no information about deviations due to the experimental context. Authors
excluded 3/44 (7%) and 2/44 (6%) in intervention and control arms,
respectively who withdrew after randomisation but before intervention
commencement. Reasoning for withdrawal were not reported and these
participants were excluded from analysis.)

High

(Authors attempted to control for missing outcome data for 2/44 (5%) in
intervention and 5/44 in (11%) control arms by last observation carried forward
which would be unlikely to remove any bias related to missingness. Otherwise,
there was missing outcome data for those who withdrew from the study after
randomisation and prior to intervention commencement (3/44 (7%) and 2/44
(5%) in intervention and control arms, respectively) as they were not included
in the analysis. Reasons for loss to follow-up or withdrawal were not reported
and therefore it is unclear whether missingness in the outcome depended on
the true value.)

Low
(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High

Directly applicable

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

236



FINAL
Stability, mobility and upper limb function

Section Question Answer
Overall bias and Directness Risk of bias variation across  Not applicable
outcomes
Ferri, 2019
Bibliographic Ferri, Alessandra; Lanfranconi, Francesca; Corna, Giovanni; Bonazzi, Riccardo; Marchese, Samuele; Magnoni, Andrea;
Reference Tremolizzo, Lucio; Tailored Exercise Training Counteracts Muscle Disuse and Attenuates Reductions in Physical Function in

Individuals With Amyotrophic Lateral Sclerosis.; Frontiers in physiology; 2019; vol. 10; 1537

Study details

Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Participants diagnosed with amyotrophic lateral sclerosis less than 48 months ago,

- Capable of pedalling on a cycle ergometer.
Exclusion criteria - Acute cardiopulmonary and infectious diseases.

Patient N=16 adults with amyotrophic lateral sclerosis

characteristics ) .
- Tailored exercise programme: n=8

- Usual care: n=8
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Age in years [Mean (SE)]:
- Tailored exercise programme: 50.7 (3.3)

- Usual care: 55.5 (5.95)

Sex (M/F):
- Tailored exercise programme: n=6/n=2

- Usual care: n=6/n=2

Time since diagnosis in months [Mean (SE)]:
- Tailored exercise programme: 20.5 (20.3)

- Usual care: 13.4 (6.6)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Tailored exercise programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Individualised (tailored) exercise programmes

Delivery setting: Rehabilitation and physical therapy clinic
Number/frequency of sessions: 3x 60-minute sessions per week
Duration: 12 weeks

Practitioner(s): Sport scientists, a medical doctor, and a medical student

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
238



FINAL

Stability, mobility and upper limb function

Duration of follow-up

Sources of funding

Participants visited gym in the clinic 3 times a week. Each session was supervised by 2 sport scientists, a medical
doctor, and a medical student, with a 1:1 participant/therapist ratio. The training programme included:

- 15-minutes of cycling at 80% of the intensity between baseline and gas exchange threshold from cardiopulmonary
exercise test.

- 25-minutes of strength exercises at 60% of maximal strength, including three sets of 10 repetitions of upper (biceps
curl, arm lateral raise) and lower body (squat, calf raise, leg extension) exercises using dumbbells and resistance bands,
avoiding eccentric phases to reduce muscle damage. Exercises were alternated weekly.

- 10-minutes of proprioceptive exercises, mostly on the BOSU® Pro balance trainer.
- 10-minutes of upper and lower extremity stretching on a Pancafit®.

Safety parameters (blood pressure, heart rate, oxygen saturation) and training intensity were recorded in a participant
diary. After 6 weeks, the 10RM test was repeated to adjust the load to maintain 60% of maximal strength (1RM).
Participants received a 200 mL hyperproteic supplement (300 kcal, 12 g proteins, 37 g carbohydrates, 12 g fat, 0.1 g
fibres, 12 g minerals) and 200 mL of water (thickened if needed) immediately after each session.

Control

Name: Usual care

Protocol control: Control (usual care)

Delivery setting: Not applicable
Number/frequency of sessions: Not applicable
Duration: 12 weeks

Practitioner(s): Not reported

Participants maintained their usual daily activities, passive manual therapy and received the same supplement as the
intervention group 3 times a week for 12 weeks.

Post-intervention (12 weeks from baseline)

Not industry funded
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Sample size N=16
- Tailored exercise programme: n=8

- Usual care: n=8

Other information Most participants (70%) were on riluzole therapy (100 miligrams daily) for an average of 6 months and continued this
medication throughout the intervention period.
g: grams; kcal: kilocalories; mL: millilitres; N/n: number of participants; RM: repetition maximum; SE: standard error

Outcomes
Study timepoints
o Baseline

e Post-intervention (12 weeks from baseline)

Tailored exercise programme versus usual care: Gait and balance

Gait and balance as measured by TUG - Polarity - Lower values are better

Outcome Tailored exercise programme, Post-intervention vs Baseline, N =7 Usual care, Post-intervention vs Baseline, N =4
TUG -9.1 (5.5) 56.8 (18.5)
Mean (SD)

N/n: number of participants; SD: standard deviation; TUG: timed up and go test

Tailored exercise programme versus usual care: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better
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Outcome Tailored exercise programme, Post-intervention vs Baseline, N =7 Usual care, Post-intervention vs Baseline, N = 4
6MWT 4.5 (7.9) -10.7 (10.2)
Mean (SD)

N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test
Tailored exercise programme versus usual care: Functioning

Functioning as measured by ALSFRS-R - Polarity - Higher values are better

Functioning as reported by ALS-SS - Polarity - Higher values are better

Outcome Tailored exercise programme, Post-intervention vs Baseline, N =

1
~

Usual care, Post-intervention vs Baseline, N = 4
ALSFRS-R -4.7 (2.6) -23 (5.6)
Mean (SD)

ALS-SS  -2.2(2.1) -12.4 (4.4)

Mean (SD)

ALSFRS-R: amyotrophic lateral sclerosis functional rating scale (revised); ALS-SS: amyotrophic lateral sclerosis survival score; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2
Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Some concerns
randomisation process randomisation process (Participants were randomly assigned based on age, sex, body mass index,
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Section Question

Domain 2a: Risk of bias due to Risk of bias for deviations

deviations from the intended from the intended
interventions (effect of interventions (effect of
assignment to intervention) assignment to intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement Risk-of-bias judgement for
of the outcome measurement of the outcome

Domain 5. Bias in selection of the Risk-of-bias judgement for

reported result selection of the reported result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

Answer

and time since diagnosis. No information on allocation concealment. No
statistical differences between baseline characteristics.)

Some concerns

(Participants and personnel were probably aware of interventions allocated,
however due to nature of intervention blinding most likely not possible. There
were no deviations due to the experimental context. No information if intention-
to-treat analysis was performed.)

High

(1/8 (12.5%) and 4/8 (50%) of participants in the intervention and control
groups, respectively were lost to follow-up. The reasons for attrition were
worsening or lack of improvement of the condition, depression, the requirement
for percutaneous endoscopic gastrostomy, and difficulty in coming to the
hospital. Loss to follow-up not balanced between groups so missingness may
depend on true value. No sensitivity analyses conducted.)

Some concerns

(No information provided about whether outcome assessors were aware of
allocation, while there is a possibility that assessment of outcome was
influenced by knowledge of intervention received, this was not likely due to the
standardised protocol for assessments (all measures) and objective nature of
tasks performed (TUG and 6MWT).)

Low
(Protocol available. All relevant scales and analysis results reported.)

High
Directly applicable

Not applicable
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TUG: timed up and go test; 6MWT: 6 minute walk test

Flynn, 2021
Bibliographic Flynn, Allyson; Preston, Elisabeth; Dennis, Sarah; Canning, Colleen G; Allen, Natalie E; Home-based exercise monitored with
Reference telehealth is feasible and acceptable compared to centre-based exercise in Parkinson's disease: A randomised pilot study.;

Clinical rehabilitation; 2021; vol. 35 (no. 5); 728-739

Study details

Country/ies where Australia
study was carried out

Study type Randomised controlled trial (RCT)

Study dates May 2017 - July 2019

Inclusion criteria - Required to maintain stable Parkinson's medication for at least 2 weeks before the baseline measurement.
Exclusion criteria - Had substantial cognitive deficits (Mini-Mental State Examination <24) or a medical condition interfering with

measurement or intervention,

- Provided written informed consent before the trial.

Patient N=40 adults with Parkinson’s disease
characteristics S ] )
- Home-based and centre-based individualised exercise programme: n=20

- Centre-based individualised exercise programme: n=20

Age in years [Mean (SD)]:
- Home-based and centre-based individualised exercise programme: 72 (7.3)
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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- Centre-based individualised exercise programme: 71 (6.6)

Sex (M/F):
- Home-based and centre-based individualised exercise programme: n=15/n=5

- Centre-based individualised exercise programme: n=15/n=5

Time since diagnosis in years [Mean (SD)]:
- Home-based and centre-based individualised exercise programme: 5.2 (5.4)

- Centre-based individualised exercise programme: 4.7 (4.5)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Home-based and centre-based individualised exercise programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Individualised (tailored) exercise programmes

Delivery setting: University physiotherapy clinic + home-based
Number/frequency of sessions: 3x 60-minute sessions per week
Duration: 10 weeks

Practitioner(s): Physiotherapist

Individualised exercise programs were prescribed by a physiotherapist specialising in Parkinson’s disease, focusing on
balance, gait, hypokinesia, bradykinesia, and postural instability. Exercises were selected from a menu of 107
Parkinson’s disease-specific exercises available at www.physiotherapyexercises.com, which provides detailed
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instructions, illustrations, and precautions. The programme was tailored to each participant’s level and could be delivered
via an app or on paper. Exercises were completed during the participants' ‘ON’ medication phase.

In Block 1 (weeks 1-5), the programme was primarily center-based, with 2 group sessions at a university clinic and 1
home session per week. Group sessions included a warm-up, 45-minutes of individually prescribed exercises, and a cool
down. Equipment such as treadmills, steps, weights, and sports gear were used. Participants also engaged in a 15-
minute self-management programme after center-based classes to enhance exercise self-efficacy and management
skills.

In Block 2 (weeks 6-10), participants switched to a home-based programme monitored via telehealth. Home-based
participants completed similar exercises independently, with adjustments for safety and available equipment. Equipment
such as weight vests and visual cues was loaned to them. Physiotherapists monitored progress remotely through phone
calls in weeks 7 and 9, addressing any barriers to adherence.

Control

Name: Centre-based individualised exercise programme

Protocol description: Control (same intervention, different setting)

Delivery setting: University physiotherapy clinic

Number/frequency of sessions: 3x 60-minute sessions per week

Duration: 10 weeks

Practitioner(s): Physiotherapist

Participants followed the same pre-block and Block 1 programme as those in the intervention arm.

In Block 2 (weeks 6-10), participants continue the center-based exercise program.
Duration of follow-up Post-intervention (10 weeks from baseline)
Sources of funding Not industry funded

Sample size N=40

- Home-based and centre-based individualised exercise programme: n=20
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- Centre-based individualised exercise programme: n=20

Other information During the trial, there was minimal change in the daily levodopa equivalent dose for both groups: home-based (baseline
mean 659 mg, SD 472; post-test mean 663 mg, SD 483) and center-based (baseline mean 512 mg, SD 308; post-test
mean 526 mg, SD 269).

All exercises were completed during the ‘ON’ phase of medication.
mg: miligrams; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (10 weeks from baseline)

Home-based and centre-based individualised exercise programme versus centre-based individualised exercise programme: Gait and
balance

Gait and balance as measured by Mini-BESTest - Polarity - Higher values are better
Gait as measured by 1TOMWT - preferred - Polarity - Higher values are better
Gait as measured by 10MWT - fast - Polarity - Higher values are better

Outcome Home-based and centre-based individualised exercise Centre-based individualised exercise programme,
programme, Post-intervention vs Baseline, N =19 Post-intervention vs Baseline, N = 20

Mini-BESTest 1.1 (2.7) 1.3(3.2)

Mean (SD)
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Outcome Home-based and centre-based individualised exercise Centre-based individualised exercise programme,
programme, Post-intervention vs Baseline, N =19 Post-intervention vs Baseline, N = 20

10MWT - 0.2 (0.17) 0.21 (0.17)

preferred

Mean (SD)

10MWT -fast 0.13 (0.19)
Mean (SD)

0.17 (0.19)

m/s: metres per second; Mini-BESTest: mini balance evaluation systems test; N/n: number of participants; SD: standard deviation; 10MWT: 10 metre walk test

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Answer

Low

(Computer-generated randomisation using permuted blocks of 2, 4, and 6;
performed remotely. Results concealed in opaque envelopes. No statistical
differences between baseline characteristics.)

Low

(Personnel were probably aware of assigned interventions, however, due to
nature of intervention blinding most likely not possible. There were no
deviations due to experimental context. Modified intention-to-treat analysis was
likely performed.)

Low

(1/20 (5%) participant in the intervention arm withdrew after randomisation and
did not receive the programme nor was included in the analysis. Reason for
withdrawal was cited as unrelated medical complication. Data available for
95% of participants in the intervention arm and missingness is probably not
related to true value.)
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Section Question Answer
Domain 4. Bias in measurement Risk-of-bias judgement for Some concerns
of the outcome measurement of the outcome (No information provided about whether outcome assessors were aware of

allocation, while there is a possibility that assessment of outcome was
influenced by knowledge of intervention received, this was not likely due to the
standardised protocol for assessments and objective nature of tasks

performed.)

Domain 5. Bias in selection of the Risk-of-bias judgement for Low
reported result selection of the reported result (Protocol available. All relevant scales and analysis results reported.)
Overall bias and Directness Risk of bias judgement Some concerns
Overall bias and Directness Overall Directness Directly applicable
Overall bias and Directness Risk of bias variation across  Not applicable

outcomes
Forsberg, 2016
Bibliographic Forsberg, Anette; von Koch, Lena; Nilsagard, Ylva; Effects on Balance and Walking with the CoDuSe Balance Exercise
Reference Program in People with Multiple Sclerosis: A Multicenter Randomized Controlled Trial.; Multiple sclerosis international; 2016;

vol. 2016; 7076265

Study details

Country/ies where Sweden
study was carried out

Study type Cross-over randomised controlled trial
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Study dates August 2012 - June 2013

Inclusion criteria - People with multiple sclerosis diagnosed by a neurologist,
- Able to walk 100 metres (use of assistive walking device was allowed),

- Able to get up from the floor with minor support but unable to maintain tandem stance heel-toe with arms alongside the

body for 30 seconds.
Exclusion criteria - Cognitive or linguistic difficulties that prohibited filling in self-report questionnaires.
Patient N=87 adults with multiple sclerosis

characteristics .
- Balance exercise programme (CoDuSe): n=44

- Waitlist control: n=43

Age in years [Mean (SD)]:
- CoDuSe balance exercise programme: 52 (10)

- Waitlist control: 56.3 (11)

Sex (M/F):
- CoDuSe balance exercise programme: n=7/n=28

- Waitlist control: n=7/n=31

Time since diagnosis in years [Mean (SD)]:
- CoDuSe balance exercise programme: 15 (9)
- Waitlist control: 16 (11)
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Intervention(s)/control

Chronic neurological disorder category: Progressive neurological diseases

Note: Baseline characteristics were only reported for participants analysed (n=35 for CoDuSe balance exercise
programme and n=38 for waitlist control).

Intervention

Name CoDuSe balance exercise programme.

Protocol intervention group: Rehabilitation interventions to address stability - Balance exercises.
Delivery setting: Group based (4-7 participants), location not reported

Number/frequency of sessions: 2x 35-45-minute sessions per week

Duration: 7 weeks

Practitioner(s): Physical therapist

The intervention targeted visual, somatosensory, and vestibular aspects of balance. Each session included 20-minutes
of core stability exercises 15—20 minutes of dual-task exercises and 15-20 minutes of exercises challenging different
sensory strategies. Participants were encouraged to maintain focus on core stability during the whole session. Each
session ended with 5-minutes of stretching and relaxing.

Control

Name: Waitlist control

Protocol description: Control (waitlist)
Delivery setting: Not applicable
Number/frequency of sessions: Not applicable
Practitioner(s): Not applicable

Participants were under waitlist control until they crossed over into the intervention arm (not considered in this review).
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Duration of follow-up Post-intervention (8 weeks from baseline)
Sources of funding Not industry funded

Sample size N=87
- CoDuSe balance exercise programme: n=44

- Waitlist control: n=43

Other information Crossover randomised controlled trial design - only outcomes from first time period included and analysed. Outcomes at
16 weeks and 64 weeks follow-up have not been.
CoDusSe: core stability, dual task training, and sensory strategies; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

o Post-intervention (8 weeks from baseline)

CoDuSe balance exercise programme versus waitlist control: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait and balance as measured by FGA - Polarity - Higher values are better

Gait and balance as measured by FSST - Polarity - Lower values are better

Gait as measured by MSWS-12 - Polarity - Lower values are better

Balance as measured by BBS - Polarity - Higher values are better

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence

review for stability, mobility and upper limb function FINAL (October 2025)
251



FINAL
Stability, mobility and upper limb function

Outcome CoDuSe balance exercise programme, Post-intervention vs Baseline, N Waitlist control, Post-intervention vs Baseline, N =
=35 38

TUG 0.5 (8.5) -1 (3.8)

Mean
(SD)

FGA 2.7 (4.2) 0.7 (2)

Mean
(SD)

FSST -0.5 (11) 3.5 (10)

Mean
(SD)

MSWS-12 -3.4 (5) -0.1(5.2)

Mean
(SD)

BBS 2.6 (4.1) 1.6 (4.1)

Mean

(SD)

BBS: Berg balance scale; CoDuSe: core stability, dual task training, and sensory strategies; FGA: functional gait assessment; FSST: four-square step test; MSWS-12: multiple
sclerosis walking scale-12; N/n: number of participants; SD: standard deviation; TUG: timed up and go test

CoDuSe balance exercise programme versus waitlist control: Exercise capacity

Exercise capacity as measured by 10XSST - Polarity - Lower values are better
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Outcome CoDuSe balance exercise programme, Post-intervention vs Baseline, N Waitlist control, Post-intervention vs Baseline, N =

=35

10XSST  -3.6 (8.2)

Mean
(SD)

38

-4.1(9.8)

CoDusSe: core stability, dual task training, and sensory strategies; N/n: number of participants; SD: standard deviation; 10XSST: 10-repetition sit-to-stand test

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Answer

Low

(Adequate methods of randomisation and concealment (computer generated
by an independent statistician). Unable to determine potential imbalances
between randomised participants at baseline as characteristics are only
presented for participants analysed rather than randomised.)

High

(Although patrticipants and personnel were not blinded to group allocation it is
unlikely that any deviations from the intended interventions arose due to the
experimental context. Authors reported 9/44 (20%) from the intervention and
5/43 (12%) from the control that withdrew after randomisation and before the
intervention began with reasons cited as due to “insufficient practical
information” such as scheduling difficulties. These participants were excluded
from the study and analysis.)

Some concerns

(At post intervention (follow-up 8 weeks from baseline) outcome data was not
available for the 9/44 (20%) and 5/43 (12%) in intervention and control groups,
respectively, that declined further participation. No methods reported to control
for missing data and while there was an imbalance in missing data between
arms, missingness in the outcome unlikely to depend on the true value.)
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Section

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

High

(All measures validated and commonly used tools. MSWS-12 (high): Likely
that assessment outcome could be influenced by knowledge of allocation as is
a self-reported measure by unblinded participants and control is not an active
intervention. TUG, FGA, FSST, BBS, 10XSST (low): Outcome assessors were
blind to allocation such that objective measurements of distance time, and so
on were unlikely influenced by knowledge of intervention received..)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable

BBS: Berg balance scale; FGA: functional gait assessment; FSST: four-square step test; MSWS-12: multiple sclerosis walking scale-12;, TUG: timed up and go test; 10XSST: 10-

repetition sit-to-stand test

Gandolfi, 2015

Bibliographic Gandolfi, Marialuisa; Munari, Daniele; Geroin, Christian; Gajofatto, Alberto; Benedetti, Maria Donata; Midiri, Alessandro; Carla,
Reference Fontana; Picelli, Alessandro; Waldner, Andreas; Smania, Nicola; Sensory integration balance training in patients with multiple
sclerosis: A randomized, controlled trial.; Multiple sclerosis (Houndmills, Basingstoke, England); 2015; vol. 21 (no. 11); 1453-

62

Study details
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Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates March 2010 - December 2011
Inclusion criteria - Relapsing—remitting multiple sclerosis,

- Aged 65 years or older,

- Expanded Disability Status Scale score 1.5 t0 6.0,
- Mini-Mental State Evaluation score 24 or higher,

- Subjective symptoms of balance impairments,

- Fear of falling and/or history of falls, as defined by at least one fall within the last year retrospectively determined by
participant and caregiver interviews,

- Retropulsive pull test requiring three or more steps backward to recover and avoid falling.

Exclusion criteria - Multiple sclerosis relapse during 3 months prior to recruitment,

- Disease modifying and symptomatic therapy for multiple sclerosis not well defined for adherence and/or changed
during study period,

- Presence of paroxysmal vertigo,
- Concurrent neurological or orthopaedic disorders involving lower limbs and/or interfering with the standing position,

- Any type of rehabilitation in month prior to recruitment.

Patient N=80 adults with relapsing-remitting multiple sclerosis

characteristics ) ) o
- Sensory integration balance training: n=39

- Conventional rehabilitation: n=41
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Age in years [Mean (SD)]:
- Sensory integration balance training: 47.21 (6.9)

- Conventional rehabilitation: 49.56 (6.85)

Sex (M/F):
- Sensory integration balance training: n=11/n=28

- Conventional rehabilitation: n=10/n=31

Time since diagnosis in years [Mean (SD)]:
- Sensory integration balance training: 12.25 (7.23)
- Conventional rehabilitation: 15.24 (7.33)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Sensory integration balance training
Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises
Delivery: Community (gym at an outpatient rehabilitation unit)
Number/frequency of sessions: 3x 50-minute sessions per week
Duration: 5 weeks
Practitioner(s): Physical therapist
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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The programme aimed to address proprioceptive and central processing deficits. Each session consisted of graded
exercises in static and dynamic positions with 3 levels of sensory input (free vision, blindfolded to eliminate visual input,
or wearing a visual-conflict dome to produce inaccurate inputs).

Treatments were tailored to each individual according to ability and complexity increased as condition improved.

During the intervention period, participants were not allowed to receive other rehabilitation but no other restrictions on
other physical activity were made.

Control

Name: Conventional rehabilitation

Protocol description: Control (standard rehabilitation)

Delivery setting: Community (gym at an outpatient rehabilitation unit)
Number/frequency of sessions: 3x 50-minute sessions per week
Duration: 5 weeks

Practitioner(s): Physical therapist

Training in the control group consisted of passive and active lower limb joint mobilisation, muscle stretching, and
strengthening exercises according to multiple sclerosis specific rehabilitation guidelines.

Treatments were tailored to each individual according to ability and complexity increased as condition improved.
Each session included exercises of the same frequency and duration of those received in the intervention group.

During the intervention period, participants were not allowed to receive other rehabilitation but no other restrictions on
other physical activity were made.

Duration of follow-up 1 month follow-up (9 weeks from baseline)

Sources of funding Not industry funded

Sample size N=80
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- Sensory integration balance training: n=39

- Conventional rehabilitation: n=41
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
o Post-intervention (5 weeks from baseline)

e 1 month follow-up (9 weeks from baseline)

Sensory integration balance training versus conventional rehabilitation: Gait and balance

Balance as measured by BBS - Polarity - Higher values are better

Outcome Sensory integration balance Sensory integration balance =~ Conventional rehabilitation, Conventional rehabilitation, 1

training, Post-intervention vs  training, 1 month follow-up vs Post-intervention vs month follow-up vs Baseline,
Baseline, N = 39 Baseline, N = 39 Baseline, N = 41 N =41

BBS 4.8 (3.28) 4.95 (3.31) 1.3 (4.06) 1.84 (3.97)

Mean

(SD)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended

interventions (effect of assignment

to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement of

the outcome

Domain 5. Bias in selection of the

reported result
Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations from
the intended interventions
(effect of assignment to
intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Low

(Adequate methods of randomisation and concealment used (computer
generated random number tables/blinded practitioner); and groups appear
comparable at baseline with no significant differences reported.)

Low

(Participants and personnel were not blinded to intervention status,
however, there were no apparent deviations from the intended
interventions and it is unlikely that these would have arisen due to the
experimental context. Intention-to-treat analysis performed.)

High

(No information on the extent of missing data is reported. The authors state
that the last observation carried forward method was used to deal with
missing data, however, this does not control for bias due to missing data.
No other methods for controlling for missing data are reported.)

Low
(Outcome assessment methods were appropriate and unlikely to have

differed between groups and outcome assessors were blinded to
intervention status.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable
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Gandolfi, 2017

Bibliographic Gandolfi, Marialuisa; Geroin, Christian; Dimitrova, Eleonora; Boldrini, Paolo; Waldner, Andreas; Bonadiman, Silvia; Picelli,

Reference Alessandro; Regazzo, Sara; Stirbu, Elena; Primon, Daniela; Bosello, Christian; Gravina, Aristide Roberto; Peron, Luca;
Trevisan, Monica; Garcia, Alberto Carreno; Menel, Alessia; Bloccari, Laura; Vale, Nicola; Saltuari, Leopold; Tinazzi, Michele;
Smania, Nicola; Virtual Reality Telerehabilitation for Postural Instability in Parkinson's Disease: A Multicenter, Single-Blind,
Randomized, Controlled Trial.; BioMed research international; 2017; vol. 2017; 7962826

Study details

Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates December 2013 - December 2015
Inclusion criteria - Aged over 18 years,

- Modified Hoehn and Yahr stage 2.5 to 3,
- Stable medication usage in previous month,
- Ability to perform postural transfer and maintain upright standing posture for at least 10-minutes,

- Presence of a caregiver.

Exclusion criteria - Cardiovascular, orthopaedic, and otovestibular disorders (dizziness),
- Visual or other neurological conditions that could interfere with balance,
- Severe dyskinesias or on-off fluctuations,
- Mini-Mental State Examination score lower than 24,

- Severe depression as measured on the Geriatric Depression Scale.
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Patient
characteristics

Intervention(s)/control

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence

N=76 adults with Parkinson’s disease
- Virtual reality-based balance training: n=38

- Sensory integration balance training: n=38

Age in years [Mean (SD)]:
- Virtual reality-based balance training: 67.45 (7.18)
- Sensory integration balance training: 69.84 (9.41)

Sex (M/F):
- Virtual reality-based balance training: n=23/n=15

- Sensory integration balance training: n=28/n=10

Time since diagnosis in years [Mean (SD)]:
- Virtual reality-based balance training: 6.16 (3.81)

- Sensory integration balance training: 7.47 (3.90)

Chronic neurological disorder category: Progressive neurological diseases

Intervention

Name: Virtual reality-based balance training (Nintendo Wii)

Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises

Delivery setting: Community (participant’s home)
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Number/frequency of sessions: 3x 50-minute sessions per week, totalling 21 sessions
Duration: 7 weeks
Practitioner(s): Physiotherapist (remotely supervising 2 participants at once)

Sessions consisted of warm up and stretching and Nintendo Wii Fit® system (TeleWii) with Nintendo Wii Balance
Board® based exercises such as table tilt and skateboarding. Participants were asked to train when on the “ON” stage of
medication. Games were selected by the physiotherapist based on the participant’s condition and improvements. During
the intervention period, participants were not allowed to receive any other type of rehabilitation, however no other
restrictions on physical activity were set.

Control

Name: Sensory integration balance training

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Outpatient (in rehabilitation unit)

Number/frequency of sessions: 3x 50-minute sessions per week, totalling 21 sessions
Duration: 7 weeks

Practitioner(s): Physiotherapist

Sessions consisted of warm up and stretching, static and dynamic balance exercises under different sensory conditions
(for example, blindfolded), and destabilisation exercises on a progressive basis according to ability. Participants were
asked to train when on the “ON” stage of medication. During the intervention period, participants were not allowed to
receive any other type of rehabilitation, however no other restrictions on physical activity were set.

Duration of follow-up 1 month follow-up (11 weeks from baseline)
Sources of funding Not industry funded

Sample size N=76

- Virtual reality-based balance training (Nintendo Wii): n=38
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- Sensory integration balance training (Nintendo Wii): n=38
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
e Post-intervention (7 weeks from baseline)

e 1 month follow-up (11 weeks from baseline)

Virtual reality-based balance training (Nintendo Wii) versus sensory integration balance training: Gait and balance
Gait and balance as measured by DGI - Polarity - Higher values are better
Gait as measured by 10MWT - Polarity - Higher values are better

Balance as measured by BBS - Polarity - Higher values are better

Outcome Virtual reality-based balance  Virtual reality-based balance Sensory integration balance Sensory integration balance

training (Nintendo Wii), Post- training (Nintendo Wii), 1 training (Nintendo Wii), Post- training (Nintendo Wii), 1
intervention vs Baseline, N = month follow-up vs Baseline, intervention vs Baseline, N= month follow-up vs Baseline,
36 N =36 34 N=34

DGI 0.85(1.81) 0.93 (1.91) 1.84 (1.67) 1.71 (1.91)

Mean

(SD)

10MWT 0.03 (0.33) -0.02 (0.33) 0.14 (0.31) 0.06 (0.28)
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Outcome Virtual reality-based balance  Virtual reality-based balance Sensory integration balance Sensory integration balance

training (Nintendo Wii), Post- training (Nintendo Wii), 1 training (Nintendo Wii), Post- training (Nintendo Wii), 1
intervention vs Baseline, N=  month follow-up vs Baseline, intervention vs Baseline, N= month follow-up vs Baseline,
36 N =36 34 N=34

Mean

(SD)

BBS 3.74 (4.42) 3.21 (4.18) 4.21 (5.28) 4.05 (5.31)

Mean

(SD)

BBS: Berg balance scale; DGI: dynamic gait index scoring form; m/s: metres per second; N/n: number of participants; SD: standard deviation, TOMWT: 10 metre walk test

Critical appraisal — Cochrane RoB 2

Section Question

Domain 1: Bias arising from the Risk of bias judgement for the
randomisation process randomisation process
Domain 2a: Risk of bias due to Risk of bias for deviations from
deviations from the intended the intended interventions
interventions (effect of assignment (effect of assignment to

to intervention) intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Answer

Some concerns

(Although adequate randomisation methods were used (computer
generated random number tables), there is no information regarding
allocation concealment. The groups appear comparable at baseline and
significance testing/values are reported.)

High

(Participants and personnel were aware of assigned intervention, however,
it is unlikely that deviations arose due to the experimental context.
Approaches to analysis are not discussed, however, participants who did
not receive their allocated intervention were excluded from the final
analysis.)

High
(No information regarding the extent of missing data is included, however,
the authors report that missing data were handled by using single
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Section Question

Domain 4. Bias in measurement of Risk-of-bias judgement for
the outcome measurement of the outcome

Domain 5. Bias in selection of the  Risk-of-bias judgement for

reported result selection of the reported result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

Gandolfi, 2018

Answer

imputation which may have introduced bias and no other methods for
controlling for missing data are reported.)

Low

(Methods of outcome measurement were appropriate and unlikely to have
differed between groups. Outcome assessors were blinded to intervention
status.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable

Bibliographic Gandolfi, Marialuisa; Vale, Nicola; Dimitrova, Eleonora Kirilova; Mazzoleni, Stefano; Battini, Elena; Benedetti, Maria Donata;

Reference Gajofatto, Alberto; Ferraro, Francesco; Castelli, Matteo; Camin, Maruo; Filippetti, Mirko; De Paoli, Carola; Chemello, Elena;
Picelli, Alessandro; Corradi, Jessica; Waldner, Andreas; Saltuari, Leopold; Smania, Nicola; Effects of High-intensity Robot-
assisted Hand Training on Upper Limb Recovery and Muscle Activity in Individuals With Multiple Sclerosis: A Randomized,
Controlled, Single-Blinded Trial.; Frontiers in neurology; 2018; vol. 9; 905

Study details

Countryl/ies where Italy
study was carried out
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Study type Randomised controlled trial (RCT)
Study dates March 2014 - March 2017
Inclusion criteria - Confirmed multiple sclerosis diagnosis,

- Age between 18 and 65 years,

- Expanded Disability Status Scale score 1.5 <x < 8,

- Mini-Mental State Evaluation score 224/30,

- Modified Ashworth Scale score <2 evaluated at the elbow, wrist, and fingers,

- Nine Hole Peg Test score between 30 and 300 seconds.

Exclusion criteria - Relapse or relapse-related treatments in the 3 months before entering the study,

- Musculoskeletal impairments or visual analog scale for pain score > 7/10 in any joint that could interfere with the
training program,

- Severe visual dysfunction,
- Any type of rehabilitation in the month prior to recruitment,

- Other concomitant neurological or orthopaedic diseases involving the upper limb and interfering with their function.

Patient N=44 adults with multiple sclerosis
characteristics . .
- Robot-assisted hand training: n=23

- Non-robotic hand training: n=21

Age in years [Mean (SD)]:
- Robot-assisted hand training: 51.96 (10.87)
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- Non-robotic hand training: 50.67 (10.80)

Sex (M/F):
- Robot-assisted hand training: n=10/n=13

- Non-robotic hand training: unclear, reported incorrectly in paper as 41487

Time since diagnosis in years [Mean (SD)]:
- Robot-assisted hand training: 13.48 (7.82)
- Non-robotic hand training: 14.19 (9.78)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Robot-assisted hand training

Protocol intervention group: Rehabilitation interventions to address upper limb functioning — robotics and repetitive task
training

Delivery setting: Outpatient neurorehabilitation unit
Number/frequency of sessions: 2x 50-minute sessions per week
Duration: 5 weeks

Practitioner(s): Physiotherapist

The participant was seated comfortably with the arm strapped into a stabilizing splint attached to a robotic device. The
wrist was in a neutral position, forearm pronated, and stabilised with a spring-loaded hinge allowing passive flexion and
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Duration of follow-up

Sources of funding

extension. The device was adjusted to a 30° elbow flexion angle. Each finger was attached to a robotically driven slide
using magnets on the distal phalanx.

Three training modes were used:
- Continuous passive motion for 10-minutes, passively stimulating finger flexion and extension.
- Assistive therapy for 10-minutes, actively training the hand at the participant’s performance limit.

- Interactive therapy for 10-minutes, using virtual therapy games where the participant exerted isometric force in flexion
or extension to avoid obstacles or reach targets, producing proportional movement of a virtual figure.

Task difficulty was adjusted by the physiotherapist based on performance. Exercises were repeated and complexity
increased as performance improved. All exercises and any adverse events were recorded on the participant’s chart.

Control

Name: Non-robotic hand training

Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Outpatient neurorehabilitation unit
Number/frequency of sessions: 2x 50-minute sessions per week
Duration: 5 weeks

Practitioner(s): Physiotherapist

The upper limb rehabilitation protocol, based on the neurodevelopmental technique, included limb mobilisation of the
shoulder girdle, elbow, wrist, and fingers joints, movement facilitation, and active tasks selected from 15 challenging
exercises. The focus was on improving muscle strength, dexterity, and motor control. At the end of each session, the
participant received feedback on their performance, including the number of errors and comments on movement
execution.

1 month follow-up (9 weeks from baseline)

Not industry funded
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Sample size N=44
- Robot-assisted hand training: n=23

- Non-robotic hand training: n=21

Other information Non-robotic hand training not explicitly stated as usual care but description is congruent with standard upper limb
rehabilitation.

Fugl-Meyer Assessment Scale - upper extremity section (measures of upper limb function) and Motricity Index
(measures of upper limb function) also reported but not extracted as does not appear to be validated in the multiple
sclerosis population (only in stroke).

Motor Activity Log (measure of upper limb function) also reported but not extracted as only sub-domain scores reported.
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
e Post-intervention (5 weeks from baseline)

e 1 month follow-up (9 weeks from baseline)

Robot-assisted hand training versus non-robotic hand training: Limb/joint/muscle function
Upper limb function as measured by ARAT - Polarity - Higher values are better

Upper limb function as measured by FMA-UE - Polarity - Higher values are better

Upper limb function as measured by MI-UE - Polarity - Higher values are better

Hand function as measured by 9HPT - pegs - Polarity - Higher values are better
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Outcome Robot-assisted hand training, Robot-assisted hand training, Non-robotic hand training, Non-robotic hand training, 1
Post-intervention vs Baseline, 1 month follow-up vs Post-intervention vs Baseline, month follow-up vs Baseline,
N=21 Baseline, N = 21 N=18 N=18

ARAT 4.95 (10.51) 4.19 (10.88) 3.56 (9.97) 3.89 (10.14)

Mean (SD)

FMA-UE 2.85(10.17) 3.9 (10.1) 4.44 (8.55) 3.44 (8.85)

Mean (SD)

MI-UE 3.7 (11.4) 4.08 (11.47) 4 (9.69) 3.45 (9.95)

Mean (SD)

9HPT - 0.02 (0.075) 0.03 (0.08) 0.03 (0.086) 0.05 (0.086)

pegs

Mean (SD)

ARAT: action research arm test; FMA-UE: Fugl-Meyer assessment for upper extremity; MI-UE: motricity index - upper extremity; N/n: number of participants; SD: standard
deviation; 9HPT: 9 hole peg test

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (Participants were assigned to the groups by a simple randomisation scheme
using an automated randomisation system. Group allocation was kept
concealed. There were no differences at baseline that suggested a problem
with randomisation.)
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Section Question

Domain 2a: Risk of bias due to Risk of bias for deviations

deviations from the intended from the intended
interventions (effect of interventions (effect of
assignment to intervention) assignment to intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement Risk-of-bias judgement for
of the outcome measurement of the outcome

Domain 5. Bias in selection of the Risk-of-bias judgement for

reported result selection of the reported result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

Gandolfi, 2019

Answer

High

(Participants and personnel were not aware of assigned intervention, there
were no deviations based on the experimental context. There were 2/23 (9%)
in intervention and 3/21 (14%) in control that withdrew and did not receive the
intervention after randomisation and were not included in the analysis.)

High

(Outcome data were not available for all or nearly all randomised. The study
included participants lost to follow-up in the analysis (2/23 (9%) intervention,
3/21 (14%) control) but not those that withdrew after randomisation (2/23 (9%)
in intervention and 3/21(14%) in control). Analysis methods addressing missing
outcomes and reasons for withdrawal or loss to follow-up were not described.)

Low
(Method of outcome assessment was standard and appropriate and relevant
outcomes were measured by the same blinded examiner at each session.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable

Bibliographic Gandolfi, Marialuisa; Tinazzi, Michele; Magrinelli, Francesca; Busselli, Giulia; Dimitrova, Eleonora; Polo, Niccolo; Manganotti,
Reference Paolo; Fasano, Alfonso; Smania, Nicola; Geroin, Christian; Four-week trunk-specific exercise program decreases forward
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trunk flexion in Parkinson's disease: A single-blinded, randomized controlled trial.; Parkinsonism & related disorders; 2019;
vol. 64; 268-274

Study details

Country/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates June 2017 - June 2018
Inclusion criteria - Aged 18 years or older,

- Clinical diagnosis of Parkinson's disease according to current diagnostic criteria,
- Mini-Mental State Examination score of 24 or higher,

- At least 5 degrees of forward trunk flexion during standing and walking and completely subside in the recumbent
position,

- Hoehn and Yahr stage 4 or lower in the “ON” medication phase and on usual antiparkinsonian treatment.

Exclusion criteria - Severe dyskinesia or “on-off" fluctuations,
- Parkinson's disease medication modification in 3 months preceding enrolment,
- History of major spinal surgery or muscle and/or skeletal spine diseases,
- Need for assistive devices to rise from a chair or bed,

- Other neurological (such as, vertigo, vestibular disorders), orthopaedic or cardiovascular comorbidities that could
interfere with postural control.

Patient N=37 adults with Parkinson’s disease

characteristics . .
- Trunk-specific exercise programme: n=19
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- Standard rehabilitation: n=18

Age in years [Mean (SD)]:
- Trunk-specific exercise programme: 72.42 (6.40)

- Standard rehabilitation: 70.72 (6.60)

Sex (M/F):
- Trunk-specific exercise programme: n=9/n=10

- Standard rehabilitation: n=15/n=3

Time since diagnosis in years [Mean (SD)]:
- Trunk-specific exercise programme: 8.01 (5.90)

- Standard rehabilitation: 6.57 (4.29)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Trunk-specific exercise programme
Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises

Delivery setting: Outpatient (neurorehabilitation unit) and community (3 sessions performed as 'self-practice’ in
participants home including telephone contact with physiotherapist)

Number/frequency of sessions: 2x 60-minute sessions per week

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
273



FINAL

Stability, mobility and upper limb function

Duration of follow-up
Sources of funding

Sample size

Duration: 4 weeks
Practitioner(s): Physiotherapist
Each session was comprised of three parts:

1) Active self-correction exercises (20-minutes) - graded exercises repeated under different sensory conditions with
visual feedback (mirror), proprioceptive feedback (electromyography), or without any feedback.

2) Trunk stabilisation exercises (20-minutes) - muscle trunk elongation and active graded exercises aimed at
strengthening the trunk muscles and stability and improvement of the ability of the central nervous system to coordinate
all muscle actions.

3) Functional tasks were used as a 'distraction' (through dual-task exercises) to engage the participants attention and
foster subconscious control of self-correction and trunk stabilisation thereby reducing functional impairment.

Control
Name: Standard rehabilitation
Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Outpatient (neurorehabilitation unit) and community (3 sessions performed as 'self-practice’ in
participants home including telephone contact with physiotherapist).

Number/frequency of sessions: 2x 60-minute sessions per week
Duration: 4 weeks
Practitioner(s): Physiotherapist

Sessions consisted of: joint mobilisation (20-minutes), muscle strengthening and stretching (20 minutes), gait training
and balance exercises (20-minutes).

1 month follow-up (8 weeks from baseline)
Not industry funded

N=37
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- Trunk-specific exercise programme: n=19

- Standard rehabilitation: n=18

Other information Abstract quotes session frequency for both arms as 5 days per week, whereas in the methods, it is listed as 2 days per
week.

N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
e Post-intervention (4 weeks from baseline)

e 1 month follow-up (8 weeks from baseline)

Trunk-specific exercise programme versus standard rehabilitation: Gait and balance

Gait and balance as measured by Mini-BESTest - Polarity - Higher values are better

Outcome Trunk-specific exercise Trunk-specific exercise Standard rehabilitation, Standard rehabilitation, 1
programme, Post-intervention programme, 1 month follow-up Post-intervention vs month follow-up vs
vs Baseline, N =19 vs Baseline, N =19 Baseline, N =18 Baseline, N =18

Mini- 5.11 (4.07) 5.16 (4.07) 2.61(3.99) 2.33 (4.03)

BESTest

Mean (SD)

Mini-BESTest: mini balance evaluation systems test; N/n: number of participants; SD: standard deviation
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Trunk-specific exercise programme versus standard rehabilitation: Limb/joint/muscle functioning

Motor functioning as measured by UPDRS Il - Polarity - Lower values are better

Outcome Trunk-specific exercise
programme, Post-intervention

vs Baseline, N =18

UPDRS -4.89 (9.21)
In

Mean
(SD)

Trunk-specific exercise Standard rehabilitation, Standard rehabilitation, 1
programme, 1 month follow-up Post-intervention vs month follow-up vs Baseline,
vs Baseline, N =18 Baseline, N =18 N=18

-4.94 (9.24) -4.44 (9.71) -3.56 (9.25)

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Answer

Low

(Adequate randomisation and concealment methods reported (external, web
based). Some significant between group differences at baseline (sex p-
value=0.038, percentage difference of sway area p-value=0.038, PDQ-8 p-
value=0.004 with worse performance in the intervention group for the latter two
characteristics) which are compatible with chance whereas most
characteristics showed no significant differences between groups.)

Low

(Although participants and practitioners were not blinded to group allocation
and deviations are not discussed specifically, it is unlikely that any deviations
arose due to the experimental context and an appropriate intention-to-treat
approach to analysis was taken.)
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Section Question

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement Risk-of-bias judgement for
of the outcome measurement of the outcome

Domain 5. Bias in selection of the Risk-of-bias judgement for

reported result selection of the reported result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

N/n: number of participants;, PDQ: Parkinson’s disease questionnaire

Gasner, 2019

Bibliographic Gasner, Heiko; Steib, Simon; Klamroth, Sarah;

Answer

High

(The authors report using last observation carried forward methods in their
analysis, however, this is not considered to be an appropriate method to
control for missing data. In addition, no details regarding the extent of any
missing data are included and no other more appropriate methods of
controlling for missing data (such as sensitivity analyses) are reported.)

Low
(Methods used to measure outcomes were appropriate and unlikely to vary
between group, and outcome assessors were blinded to group allocation.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable

Pasluosta, Cristian F; Adler, Werner; Eskofier, Bjoern M; Pfeifer, Klaus;

Reference Winkler, Jurgen; Klucken, Jochen; Perturbation Treadmill Training Improves Clinical Characteristics of Gait and Balance in
Parkinson's Disease.; Journal of Parkinson's disease; 2019; vol. 9 (no. 2); 413-426

Study details
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Countryl/ies where Germany
study was carried out

Study type Randomised controlled trial (RCT)
Study dates See Steib 2017
Inclusion criteria See Steib 2017
Exclusion criteria See Steib 2017
Patient N=43 adults with multiple sclerosis

characteristics ] ) o
- Perturbation treadmill training: n=21

- Conventional treadmill training: n=22

Age in years: See Steib 2017

Se: See Steib 2017

Time since diagnosis: See Steib 2017

Chronic neurological disorder category: Progressive neurological diseases
Intervention(s)/control See Steib 2017

Duration of follow-up 3 months follow-up (5 month from baseline)
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Sources of funding See Steib 2017

Sample size See Steib 2017
Other information Postural instability and gait difficulty (measure of gait and balance) also reported but not extracted as sub-domain scores
of UPDRS lII.

UPDRS IlI: unified Parkinson’s disease rating scale part 3

Outcomes
Study timepoints
o Baseline
e Post-intervention (8 weeks from baseline)

e 3 months follow-up (5 months from baseline)

Perturbation treadmill training versus conventional treadmill training: Limb/joint/muscle function

Motor functioning as measured by UPDRS Il - Polarity - Lower values are better

Outcome Perturbation treadmill Perturbation treadmill Conventional treadmill Conventional treadmill
training, Post-intervention vs training, 3 months follow-up training, Post-intervention vs training, 3 months follow-up vs
Baseline, N =18 vs Baseline, N =16 Baseline, N = 20 Baseline, N =19

UPDRS -6.7 (6.1) -6.2 (4.7) -4.1 (8.1) -3.8 (8.1)

]|

Mean

(SD)

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3
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Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement

Answer

Low

(Computer-generated block randomisation (block size of 6) was used and
allocation concealment preserved. No statistical differences in baseline
characteristics.)

Some concerns

(Personnel and participants were probably aware of interventions allocated.
12/21 (67.1%) of participants in the perturbation group disclosed their group
allocation during the visits. 1/22 (4.5%) participants received control instead of
experimental condition due to orthopaedic advice. A naive per-protocol
analysis was used.)

High

(3/21 (14.3%) and 2/22 (9.1%) of participants in the intervention and control
groups, respectively were not analysed post-intervention, and 5/21 (23.8%)
and 3/22 (13.6%) at 3 months follow-up. Reasons for attrition were change of
medications, assessment not possible due to health condition, unavailable
participant, and related/non-related adverse event. It is possible that the
missingness in the outcome depended on it's true value. No information if
sensitivity analyses were conducted.)

Low
(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.

Low
(Pre-specified analysis plan was published; all relevant scales, time points and
analysis results reported.)

High
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Section Question Answer

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

Gil-Agudo, 2023
Bibliographic Gil-Agudo, Angel; Megia-Garcia, Alvaro; Pons, Jose Luis; Sinovas-Alonso, Isabel; Comino-Suarez, Natalia; Lozano-Berrio,

Reference Vicente; Del-Ama, Antonio J; Exoskeleton-based training improves walking independence in incomplete spinal cord injury
patients: results from a randomized controlled trial.; Journal of neuroengineering and rehabilitation; 2023; vol. 20 (no. 1); 36

Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Complete spinal cord injury with less than 12 months since injury,

- Aged 16 to 70 years,

- C2-L4 injury with American Spinal Cord Injury Association Impairment Scale C or D,
- Able to use walker or crutches (tricepts brachial muscle balance =3),

- Can tolerate standing,

- Spasticity in lower limb muscles <2 based on the Modifed Ashworth scale,
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Exclusion criteria

Patient
characteristics

- Informed consent.

- Pregnant,

- Other neurological condition present,

- Recent lower extremity fracture within 12 months,

- Irreducible contracture or arthrodesis in the lower limb joints,

- Any ulcer sores where the exoskeleton would be used.
N=23 adults with complete spinal cord injury
- Robot-assisted gait training (HANK): n=12

- Conventional gait training: n=11

Age in years [Mean (SD)]:
- Robot-assisted gait training (HANK): 41 (12.39)
- Conventional gait training: 51.8 (11.93)

Sex (M/F):
- Robot-assisted gait training (HANK): n=7/n=4

- Conventional gait training: n=8/n=2

Time since injury in months [Mean (SD)]:

- Robot-assisted gait training (HANK): 4.82 (1.3)
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Intervention(s)/control

- Conventional gait training: 5.55 (2.3)

Chronic neurological disorder category: Acquired spinal cord injury

Note: Baseline characteristics were only reported for participants analysed (n=11 for robot-assisted gait training (HANK)
and n=10 for conventional gait training).

Intervention

Name: Robot-assisted gait training (HANK)

Protocol intervention group: Rehabilitation interventions to address mobility — Gait training

Delivery setting: Indoors in a physiotherapy room

Number/frequency of sessions: 3x 60-minute sessions on non-consecutive days per week totalling 15 sessions
Duration: 5 weeks

Practitioner(s): Physiotherapist

Each session was 1-hour in length with 20-minutes for setting up the exoskeleton, 30-minutes of robotic ambulatory gait
training with lower limb exoskeleton "HANK" (updated version of Exo-H2 exoskeleton), 5-minutes of rest and 5-minutes
for registering variables assessed. There was access to external support based on ability and preference such as
parallel bars, walker or crutches. The physiotherapist and engineer for control of the exoskeleton was also on hand for
support. The physiotherapist included feedback during each session on walking pace as well as after each session on
distance walked.

Control
Name: Conventional gait training
Protocol description: Control (standard rehabilitation)

Delivery setting: Not reported
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Number/frequency of sessions: 3x 30-minute sessions per week totalling 15 sessions
Duration: 5 weeks

Practitioner(s): Not reported

Each rehabilitation session was 30-minutes long comprising traditional gait training with analytical mobilisation,
strengthening for the lower limb and gait re-education where able by using parallels.

*None of the participants in either group modified their usual medication or rehabilitation programs outside of the study.
Duration of follow-up Post-intervention (5 weeks from baseline)
Sources of funding Not industry funded

Sample size N=23
- Robot-assisted gait training (HANK): n=12

- Conventional gait training: n=11
C: cervical; L: lumbar; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

o Post-intervention (5 weeks from baseline)

Robot-assisted gait training (HANK) versus conventional gait training: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait as measured by 10MWT - Polarity - Higher values are better
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Gait as measured by WISCI Il - Polarity - Higher values are better

Outcome Robot-assisted gait training (HANK), Post-intervention vs Conventional gait training, Post-intervention vs Baseline,
Baseline, N = 11 N=10

TUG -13.23 (7.71) -6.9 (7.22)

Mean

(SD)

10MWT  0.19(0.16) 0.12 (0.17)

Mean

(SD)

WISCI Il  3.54 (2.65) 0.7 (1.49)

Mean

(SD)

m/s: metres per second; N/n: number of participants; SD: standard deviation; TUG: timed up and go test; WISCII: walking index for spinal cord injury; 10MWT: 10 metre walk test

Robot-assisted gait training (HANK) versus conventional gait training: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Robot-assisted gait training (HANK), Post-intervention vs Conventional gait training, Post-intervention vs Baseline,
Baseline, N = 11 N=10

6MWT 68.79 (67.55) 48.1 (48.58)

Mean

(SD)

N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test
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Robot-assisted gait training (HANK) versus conventional gait training: Limb/joint/muscle function

Lower limb functioning as measured by LEMS - Polarity - Higher values are better

Outcome Robot-assisted gait training (HANK), Post-intervention vs Conventional gait training, Post-intervention vs Baseline,
Baseline, N = 11 N=10

LEMS 4.45 (5.37) 3 (2.66)

Mean

(SD)

N/n: number of participants; SD: standard deviation; LEMS: lower extremity motor score

Robot-assisted gait training versus conventional gait training: Functioning

Functioning as measured by SCIM3 - Polarity - Higher values are better

Outcome Robot-assisted gait training (HANK), Post-intervention vs Conventional gait training, Post-intervention vs Baseline,
Baseline, N = 11 N=10

SCIM3 2.18 (3.37) 2.4 (2.7)

Mean

(SD)

N/n: number of participants;, SCIM3: spinal cord independence measure 3rd revision; SD: standard deviation

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement

Answer

Some concerns

(Randomisation was performed via randomisation website, allocation
concealment was unclear. Unable to determine potential imbalances between
randomised participants at baseline as characteristics are only presented for
participants analysed rather than randomised.)

Low

(Participants and practitioners were likely aware of allocation, however, there
was no indication of deviations from protocol and analysis was modified
intention-to-treat.)

Some concerns

(More than 5% in each arm were lost to follow-up (1/12, 8% in intervention and
1/11, 9% in control arm. One participant in the intervention arm was lost to
follow-up due to urinary infection and one in the control arm due to early
discharge (no reason provided). These participants were not included in the
analysis. It is possible but unlikely that the missingness in the outcome
depended on it's true value for the participant with early discharge.)

High

(SCIM3 (high): It is likely that assessment outcome could be influenced by
knowledge of allocation as is a participant-reported measure by unblinded
participants. Same time points and measurement tools used. LEMS, TUG,
WISCII, 6MWT, 10MWT (low): Method of outcome assessment was standard
and appropriate and outcome assessors were blinded to allocation.)

Some concerns

(Protocol published on clinicaltrials.gov but unclear whether statistical analysis
finalised before unblinded outcome data availability and therefore whether the
numerical result was selected from multiple eligible analyses; outcome data
unlikely selected from multiple timepoints.)

High
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Section Question Answer

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across = SCIM3 — overall rating of high risk of bias; LEMS, TUG, WISCII, 6MWT,
outcomes 10MWT — overall rating of some concerns risk of bias

LEMS: lower extremity motor score; TUG: timed up and go test; SCIM3: spinal cord independence measure 3rd revision; WISCII: walking index for spinal cord injury; 6MWT: 6
minute walk test; 1T0MWT: 10 metre walk test

Gryfe, 2022

Bibliographic Gryfe, Pearl; Sexton, Andrew; McGibbon, Chris A; Using gait robotics to improve symptoms of Parkinson's disease: an open-

Reference label, pilot randomized controlled trial.; European journal of physical and rehabilitation medicine; 2022; vol. 58 (no. 5); 723-
737

Study details

Country/ies where Canada

study was carried out

Study type Randomised controlled trial (RCT)
Study dates September 2018 - October 2019
Inclusion criteria - Aged 50-85,

- Diagnosed with Parkinson’s disease and Hoehn and Yahr stage 1 to 4,
- Able to provide informed consent,
- Willing and available to comply with all study procedures,

- Able to walk 10 meters independently (with usual assistive devices),
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- Montreal Cognitive Assessment score 216.

Exclusion criteria - Uncorrected visual impairment (legally blind),
- Current treatment with another investigational drug or intervention,
- New medications started within the previous 4 weeks,
- Skin conditions contraindicating the use of orthotics or support braces,
- Lower-extremity amputation (above or below the knee),
- Uncontrolled orthostatic hypotension,
- Other neurological or musculoskeletal disorders impairing gait and balance,
- Psychiatric disorders,

- Inability to wear the exoskeleton device due to body stature.

Patient N=41 adults with Parkinson’s disease
characteristics ) ]

- Exercise programme with exoskeleton: n=13

- Exercise programme without exoskeleton: n=15

- Waitlist control: n=13

Age in years [Mean (SD)]:
- Exercise programme with exoskeleton: 67.6 (5.9)
- Exercise programme without exoskeleton: 70.7 (7.3)

- Waitlist control: 69.3 (8.0)
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Intervention(s)/control

Sex (M/F):
- Exercise programme with exoskeleton: n=4/n=9
- Exercise programme without exoskeleton: n=7/n=7

- Waitlist control: n=10/n=3

Time since diagnosis: Not reported

Chronic neurological disorder category: Progressive neurological diseases

Note: Baseline characteristics were only reported for participants analysed (n=13 for exercise programme with
exoskeleton, n=14 for exercise programme without exoskeleton, and n=13 for waitlist control).

Intervention
Name: Exercise programme with exoskeleton

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Wearable garments, technology (for example MOLLII) and exoskeletons

Delivery setting: Assistive Technology and Movement Disorders outpatient clinics
Number/frequency of sessions: 2x 60-minute sessions per week

Duration: 8 weeks

Practitioner(s): Physiotherapy research assistants trained by physiotherapists

Participants in the exercise with the exoskeleton group completed sessions included a walking warm-up, core strength
exercises, aerobic walking, functional mobility tasks, ankle strength exercises, and balance/posture activities. Repetitions
increased until week 5 and were then maintained. The exoskeleton was used during all sessions. The programme was
co-developed by the lead author and Assistive Technology Clinic physiotherapists, who trained and supervised two
research assistants in delivering the programme and operating the exoskeleton.
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Intervention

Name: Exercise programme without exoskeleton

Control

Name: Exercise programme without exoskeleton

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Assistive Technology and Movement Disorders outpatient clinics
Number/frequency of sessions: 2x 60-minute sessions per week

Duration: 8 weeks

Practitioner(s): Physiotherapy research assistants trained by physiotherapists

Participants in the exercise programme without exoskeleton group completed the same programme as those in the
exercise programme with exoskeleton group. The only difference was that the group without the exoskeleton did not use
the device during sessions.

Name: Waitlist control

Protocol description: Control (waitlist)
Delivery setting: Not applicable
Number/frequency of sessions: Not applicable
Duration: 8 weeks

Practitioner(s): Not applicable

The wait-list control group underwent baseline and 8-week post-intervention assessments and received weekly calls but
did not take part in the exercise interventions. They were offered free exercise training after the study.

Duration of follow-up Post-intervention (8 weeks from baseline)
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Sources of funding Not industry funded

Sample size N=41
- Exercise programme with exoskeleton: n=13
- Exercise programme without exoskeleton: n=15

- Waitlist control: n=13
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (8 weeks from baseline)

Exercise programme with exoskeleton versus exercise programme without exoskeleton versus waitlist control: Gait and balance

Gait and balance as measured by B-BESTest - Polarity - Higher values are better

Outcome Exercise programme with exoskeleton, Exercise programme without exoskeleton, Waitlist control, Post-
Post-intervention vs Baseline, N =13 Post-intervention vs Baseline, N = 14 intervention vs Baseline, N =13

B- -0.6 (2.1) 0.6 (3) -1 (3.8)

BESTest

Mean

(SD)

B-BESTest: brief balance evaluation systems test; N/n: number of participants; SD: standard deviation
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Exercise programme with exoskeleton versus exercise programme without exoskeleton versus waitlist control: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Exercise programme with exoskeleton, Exercise programme without exoskeleton, Waitlist control, Post-
Post-intervention vs Baseline, N =13 Post-intervention vs Baseline, N = 14 intervention vs Baseline, N =13

6MWT 34.8 (17.6) -1.4 (20.4) -3.8 (40.5)

Mean

(SD)

N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test

Exercise programme with exoskeleton versus exercise programme without exoskeleton versus waitlist control: Limb/joint/muscle
function

Motor functioning as measured by UPDRS Il (worst side only) - Polarity - Lower values are better

Outcome Exercise programme with exoskeleton, Exercise programme without exoskeleton, Waitlist control, Post-
Post-intervention vs Baseline, N =13 Post-intervention vs Baseline, N = 14 intervention vs Baseline, N =
13
UPDRS Il (worst 2.2 (4.1) 1.5 (5.2) 2.4 (5.2)
side only)
Mean (SD)

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3

Critical appraisal — Cochrane RoB 2
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Section Question

Domain 1: Bias arising from the  Risk of bias judgement for the
randomisation process randomisation process

Domain 2a: Risk of bias due to Risk of bias for deviations

deviations from the intended from the intended
interventions (effect of interventions (effect of
assignment to intervention) assignment to intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement  Risk-of-bias judgement for
of the outcome measurement of the outcome

Answer

Some concerns

(Allocation codes were pre-generated by an external investigator and assigned
sequentially by staff who were not involved in the interventions. To maintain
equal group sizes, block randomisation in cohorts of 9 (3 per treatment group)
was used. No information on allocation concealment provided. Baseline
characteristics were presented for analysed rather than randomised
participants. Numbers randomised to analysed differed for the exercise
programme without exoskeleton group (1 participant not analysed) such that
potential imbalances between this arm and the others were unclear.

Some concerns

(Participants and personnel were aware of interventions allocated, there were
no deviations from intended interventions. 1/15 (6.7%) participant in the control
I arm (exercise programme without exoskeleton) did not have a baseline
assessment or receive the programme after randomisation and was not
included in the analysis. 1/15 (6.7%) and 1/13 (7.7%) of participants in the
control | (exercise programme without exoskeleton) and control Il (waitlist
control) groups, respectively who withdrew during the intervention period were
included in the analysis.)

High

(B-BESTest and UPDRS Il (high): missing outcome data for 1/15 (6.7%)
participant in the control | arm that did not have a baseline assessment after
randomisation. No methods to control for missing outcome data and no
information on whether the missing data depends on the true value. 6MWT
(high): missing data occurred for 3/13 (23%) in the exoskeleton group, 4/15
(26.7%) in control | and 3/13 (23%) in control Il group. No methods to control
for missing outcome data and no information on whether the missing data
depends on the true value.)

Some concerns
(No information provided about whether outcome assessors were aware of
allocation, while there is a possibility that assessment of outcome was
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Section Question Answer

influenced by knowledge of intervention received, this was not likely due to the
standardised protocol for assessments and objective nature of tasks

performed.)
Domain 5. Bias in selection of the Risk-of-bias judgement for Low
reported result selection of the reported result (Protocol available. All relevant scales and analysis results reported.)
Overall bias and Directness Risk of bias judgement High
Overall bias and Directness Overall Directness Directly applicable
Overall bias and Directness Risk of bias variation across  Not applicable

outcomes
B-BESTest: brief balance evaluation systems test; p: p-value; UPDRS Ill: unified Parkinson’s disease rating scale part 3; 6MWT: 6 minute walk test

Hind, 2017
Bibliographic Hind, Daniel; Parkin, James; Whitworth, Victoria; Rex, Saleema; Young, Tracey; Hampson, Lisa; Sheehan, Jennie; Maguire,
Reference Chin; Cantrill, Hannah; Scott, Elaine; Epps, Heather; Main, Marion; Geary, Michelle; McMurchie, Heather; Pallant, Lindsey;

Woods, Daniel; Freeman, Jennifer; Lee, Ellen; Eagle, Michelle; Willis, Tracey; Muntoni, Francesco; Baxter, Peter; Aquatic
therapy for boys with Duchenne muscular dystrophy (DMD): an external pilot randomised controlled trial.; Pilot and feasibility

studies; 2017; vol. 3; 16

Study details

Country/ies where UK
study was carried out

Study type Randomised controlled trial (RCT)

Study dates October 2014 - June 2015
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Inclusion criteria - Boys aged 7-16 years,
- Genetically confirmed Duchenne muscular dystrophy,
- North Star Ambulatory Assessment of 8 or over,

- Undergoing corticosteroid therapy (predinisolone or deflazacort) for at least 6 months with no large disruptions to drug
(changing from prednisolone to deflazacort or vice versa), dosage (dose increase with weight was acceptable) or
frequency (from daily to alternate day or other non-daily regimen, or vice versa) for at least 3 months prior to the initial
assessment.

Exclusion criteria - Taking part in another clinical trial,
- Over 20% variation between screening and baseline North Star Ambulatory Assessment scores,
- Could not attend the scheduled frequency and time length of therapy according to protocol,

- Any contraindications or precautions to Aquatic therapy.

Patient N=12 children and young people with Duchenne muscular dystrophy
characteristics ) o
- Aquatic therapy and land-based training: n=8

- Land-based training: n=4

Age in years [Mean (SD)]:
- Aquatic therapy and land-based training: 8.0 (0.9)
- Land-based training: 9.8 (2.5)

Sex (M/F):
- Aquatic therapy and land-based training: n=8/n=0
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Intervention(s)/control

- Land-based training: n=4/n=0

Time since diagnosis: Not reported

Chronic neurological disorder category: Progressive neurological diseases

Intervention
Name: Aquatic therapy and land-based training

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Hydrotherapy

Delivery setting: NHS hydrotherapy pool

Number/frequency of sessions: 2x 30-minute sessions per week, up to 52 sessions

Duration: 6 months

Practitioner(s): Physiotherapist (aquatic therapy trained with specialist knowledge of Duchenne muscular dystrophy)

Each session was delivered for 30-minutes in a pool with 34 to 36 degrees temperature. Aquatic therapy involved active
assisted or passive stretching targeting main muscle groups, simulated or real functional activities such as sit to
standing, running, jumping, hopping and sub-maximal water exercise. The exercises were tailored based on ability and
presenting clinical problems. At the initial appointment standard land- based therapy stretches and exercises were
provided by a specialist physiotherapist and participants were asked to undertake land-based therapy on four of the
other five days of the week.

Control
Name: Land-based training
Protocol description: Control

Delivery setting: Local services

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Duration of follow-up

Sources of funding

Sample size

Other information

Number/frequency of sessions: 6 days per week, length of sessions not reported
Duration: 6 months
Practitioner(s): Local research and community physiotherapists (usually community pediatric physiotherapist)

Land-based training based upon usual individualised physiotherapy intervention. Length of sessions were not reported.
This typically followed best practice guidance including regular stretching targeting main muscle groups as well as advice
towards directed exercise or regular activity. Prescription towards therapy would usually be adjusted every two to three
months dependent on progress.

Post-intervention (6 months from baseline)
Not industry funded

N=12

- Aquatic therapy and land-based training: n=8

- Land-based training: n=4

Forced vital capacity (measure of respiratory function) also reported but not extracted as no follow-up data available for
comparator group.

Activity Limitations Measures (measure of activity limitations for participants with upper and/or lower limb impairments)
also reported by not extracted as not a global measure of functioning.

N/n: number of participants; SD: standard deviation

Outcomes

Study timepoints

Baseline

Post-intervention (6 months from baseline)
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Aquatic therapy and land-based training versus land-based training: Gait and balance

Gait and balance as measured by NSAA - Polarity - Higher values are better

Outcome Agquatic therapy and land-based training, Post-intervention vs Land-based training, Post-intervention vs Baseline,
Baseline, N=8 N=2

NSAA -2.72 (5.67) -5 (12.52)

Mean

(SD)

N/n: number of participants; NSAA: north star ambulatory assessment; SD: standard deviation

Aquatic therapy and land-based training versus land-based training: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Aquatic therapy and land-based training, Post-intervention vs Land-based training, Post-intervention vs Baseline,
Baseline, N =8 N=1

6MWT -22 (56.76) -105 (84.98)

Mean

(SD)

N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from
the randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in
measurement of the outcome

Question

Risk of bias judgement for
the randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the
outcome

Answer

Low

(Randomisation was performed through centralised web-based system and a
physiotherapist entered the participant identifier so that none of the study team had
access to randomisation schedule during recruitment. No formal statistical
comparisons were performed for baseline characteristics and any differences
between arms (such as ethnicity of English/Welsh/Scottish/Northern Irish/ British —
intervention n=2/8 (256%) versus control n=3/4 (75%)) were likely a result of chance
due to small numbers in each arm.)

High

(Participants and personnel were aware of assigned interventions. One participant
from the control arm left the study as they were accepted into another clinical trial.
There is the possibility that this was because they were aware of the intervention
and wanted to seek this kind of intervention elsewhere. As there were low numbers
(1-2 participants) in the control arm with data for relevant outcomes, this may have
impacted outcomes. Modified intention-to-treat analyses were performed.)

High

(Outcome data was missing for 2/4 (60%) participants in the control arm for the
North Star Ambulatory Assessment and for 3/4 (75%) of participants in the control
arm for the 6 minute walk test. No outcome data was missing for the intervention
arm. Reasons for withdrawal from the study were burden of attending the trial
procedure for the child (n=1), accepted into another trial (n=1) and lost to follow-up
(no further information) (n=1). Unclear whether missingness in outcome depended
on true value as reasoning for loss to follow-up is unknown.)

Some concerns

(No information provided about whether outcome assessors were aware of
allocation, while there is a possibility that assessment of outcome was influenced by
knowledge of intervention received, this was not likely due to the standardised
protocol for assessments and objective nature of tasks performed.)

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Section Question Answer

Domain 5. Bias in selection of Risk-of-bias judgement for Low

the reported result selection of the reported (Detailed published protocol with analysis plan available online; all relevant scales,
result time points and analysis results reported.)

Overall bias and Directness Risk of bias judgement High

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across Not applicable
outcomes
N/n: number of participants

Hoang, 2016
Bibliographic Hoang, Phu; Schoene, Daniel; Gandevia, Simon; Smith, Stuart; Lord, Stephen R; Effects of a home-based step training

Reference programme on balance, stepping, cognition and functional performance in people with multiple sclerosis--a randomized
controlled trial.; Multiple sclerosis (Houndmills, Basingstoke, England); 2016; vol. 22 (no. 1); 94-103

Study details

Country/ies where Australia
study was carried out

Study type Randomised controlled trial (RCT)
Study dates March 2013 - February 2014
Inclusion criteria - Clinical diagnosis of multiple sclerosis according to the modified McDonald criteria,

- Expanded disability status scale score of 2—6,

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
301



FINAL
Stability, mobility and upper limb function

- 18-65 years of age,
- No evidence of cognitive impairment such as to provide informed consent and take instruction,

- No multiple sclerosis exacerbation in the three months prior.

Exclusion criteria - Other conditions that prevented stepping exercise such as severe spasticity,

- Excessive fatigue or exercise intolerance (as determined by initial physiotherapist assessment at baseline).

Patient N=50 adults with multiple sclerosis
characteristics ) ) .
- Virtual reality-based step training: n=28

- Usual care: n=22

Age in years [Mean (SD)]:
- Virtual reality-based step training: 53.4 (10.6)
- Usual care: 51.4 (12.8)

Sex (M/F):
- Virtual reality-based step training: n=7/n=21

- Usual care: n=5/n=17

Time since diagnosis in years [Mean (SD)]:
- Virtual reality-based step training: 11.6 (9.1)
- Usual care: 13.4 (6.9)
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Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Virtual reality-based step training
Protocol intervention group: Rehabilitation interventions to address mobility — Exergaming and AR/VR
Delivery setting: Home
Number/frequency of sessions: At least 2x per week
Duration: 12 weeks
Practitioner(s): Exercise therapist

Two interactive exergames performed at home via a stepping mat wirelessly connected to a television. The first
exergame was Stepmania, a rhythm video game requiring participants to match step direction and timing to stimuli on
their television. Accompanying music was able to be selected by the participants from a predetermined list. The second
exergame was choice stepping reaction time training requiring participants to step as quickly as possible to where the
step direction is displayed on the screen via on one of the six step panels (forward, back, right and left, two of each).
After each action the participant was to return to the middle step panel.

Initial set up, training and risk assessment by exercise therapist and follow-up check-in phone call in the first 2
weeks. Assessments were performed in a gym setting.

Control

Name: Usual care

Protocol description: Control (usual care)
Delivery setting: Community setting
Number/frequency of sessions: Not applicable

Duration: 12 weeks
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Practitioner(s): None

Continuation of usual physical activity. Assessments were performed in a gym setting.
Duration of follow-up Post-intervention (12 weeks from baseline)
Sources of funding Not industry funded

Sample size N=50
- Virtual reality-based step training: n=28

- Usual care: 22

Other information 9HPT scores also reported but not extracted as included in the MSFC score.
AR: augmented reality; MSFC: multiple sclerosis functional composite score; N/n: number of participants; SD: standard deviation; VR: virtual reality; 9HPT: 9 hole peg test

Outcomes
Study timepoints
o Baseline

e Post-intervention (12 weeks from baseline)

Virtual reality-based step training versus usual care: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait as measured by 10MWT - Polarity - Lower values are better
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Outcome Virtual reality-based step training, Post-intervention vs Baseline, N = 23

TUG -0.8 (3.64)
Mean (SD)

10MWT -2 (3.32)

Mean (SD)
N/n: number of participants; SD: standard deviation;, TUG: timed up and go test; TOMWT: 10 metre walk test

Virtual reality-based step training versus usual care: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Virtual reality-based step training, Post-intervention vs Baseline, N = 23

6MWT 2 (84.35)

Mean (SD)
N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test

Virtual reality-based step training versus usual care: Functioning

Functioning as measured by MSFC - Polarity - Lower values are better

Outcome Virtual reality-based step training, Post-intervention vs Baseline, N = 23

MSFC  -1.03 (1.33)

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Usual care, Post-intervention vs Baseline, N = 21

-0.4 (3.08)

-0.3(3.3)

Usual care, Post-intervention vs Baseline, N = 21

13 (94.59)

Usual care, Post-intervention vs Baseline, N = 21

-0.77 (1.55)
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Outcome Virtual reality-based step training, Post-intervention vs Baseline, N =23 Usual care, Post-intervention vs Baseline, N = 21

Mean (SD)

MSFC: multiple sclerosis functional composite score; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (Central randomisation by investigator not involved in recruitment or
assessments and computer-generated random number schedule with block
sizes of 6. It is unclear why there were more participants in the intervention arm
and whether this impacted baseline differences in any way. No major baseline
differences were observed.)

Domain 2a: Risk of bias due to  Risk of bias for deviations Low

deviations from the intended from the intended (Participants and personnel were aware of the allocations, however, no
interventions (effect of interventions (effect of apparent deviations that arose from the trial context and modified intention-to-
assignment to intervention) assignment to intervention) treat analysis performed.)

Domain 3. Bias due to missing Risk-of-bias judgement for High

outcome data missing outcome data (Outcomes for participants lost to follow-up were not included in the analysis

which occurred for 7/28 (18%; 4 due to personal circumstance, 1 due to
exacerbation) in the intervention arm and 1/22 (5% due to health reasons) in
the control arm. Health related reasons cited for loss to follow-up indicate that
missingness of the outcome might be linked to true value.)

Domain 4. Bias in measurement Risk-of-bias judgement for Low
of the outcome measurement of the outcome (Outcome measurement methods were standard and appropriate and
assessors were blinded to allocation status.)
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Section Question Answer
Domain 5. Bias in selection of the Risk-of-bias judgement for Low
reported result selection of the reported result (Pre-registered protocol on ANZCTR prior to study commencements with plans

for outcomes and timepoints described; all relevant scales, time points and
analysis results reported.)

Overall bias and Directness Risk of bias judgement High

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

ANZCTR: Australian New Zealand Clinical Trials Registry

Kapadia, 2014
Bibliographic Kapadia, Naaz; Masani, Kei; Catharine Craven, B; Giangregorio, Lora M; Hitzig, Sander L; Richards, Kieva; Popovic, Milos R;

Reference A randomized trial of functional electrical stimulation for walking in incomplete spinal cord injury: Effects on walking
competency.; The journal of spinal cord medicine; 2014; vol. 37 (no. 5); 511-24

Study details

Country/ies where Canada
study was carried out

Study type Randomised controlled trial (RCT)
Study dates March 2005 - December 2010
Inclusion criteria - Had a traumatic incomplete spinal cord injury (C2 to T12, motor incomplete, AIS grade C or D),
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- At least 18 months post-injury,

- Could not walk at baseline or required an assistive device, or walk with a speed <0.5 metres per second.

Exclusion criteria - Contraindications for functional electrical stimulation (cardiac pacemakers, skin lesions, rashes at electrode sites, or
muscle denervation),

- Grade 4 pressure ulcers on the lower extremities,
- Grade 2 or 3 pressure ulcers at functional electrical stimulation or harness sites,
- Cardiovascular conditions like uncontrolled hypertension, orthostatic hypotension, or autonomic dysreflexia,

- Medical clearance from the participant’s family physician.

Patient N=34 adults with traumatic incomplete spinal cord injury
characteristics ] ) ] ) ) ) o
- Functional electrical stimulation plus bodyweight supported treadmill training: n=17

- Resistance and aerobic exercise programme: n=17

Age in years [Mean (SD)]:
- Functional electrical stimulation plus bodyweight supported treadmill training: 56.59 (14.00)

- Resistance and aerobic exercise programme: 54.06 (16.45)

Sex (M/F):
- Functional electrical stimulation plus bodyweight supported treadmill training: n=14/n=3

- Resistance and aerobic exercise programme: n=12/n=5

Time since injury in years [Mean (SD)]:
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Intervention(s)/control

- Functional electrical stimulation plus bodyweight supported treadmill training: 8.75 (9.74)

- Resistance and aerobic exercise programme: 10.32 (11.13)

Chronic neurological disorder category: Acquired spinal cord injury

Intervention
Name: Functional electrical stimulation plus bodyweight supported treadmill training (Loko70)

Protocol intervention group: Mixed (Rehabilitation interventions to mobility — Gait training; Rehabilitation interventions to
address mobility — Lower limb wearables, electrical stimulation and lower-body robotics)

Delivery setting: Outpatient spinal cord injury rehabilitation hospital
Number/frequency of sessions: 3x 45-minute sessions per week
Duration: 16 weeks

Practitioner(s): Physiotherapist

Intervention group received functional electrical stimulation while walking on a bodyweight support treadmill (Loko70,
Woodway, USA) with a harness system. Functional electrical stimulation was delivered using Compex Motion stimulators
with surface electrodes placed on the skin targeting key muscles (quadriceps, hamstrings, dorsiflexors, and
plantarflexors) in a natural gait sequence. The system used balanced, biphasic, pulse-width modulated signals with
adjustable amplitudes (8-125 mA) and pulse widths (0-300 us). Initially, two physiotherapists controlled each leg's
stimulation via push buttons, progressing to participant-controlled gait. Walking exercises were done with minimal
bodyweight support, adjusting the speed for natural walking and ensuring smooth, coordinated movements. Gait speed
adjustments were made by altering the swing phase duration in the functional electrical stimulation protocol, typically
requiring no more than two iterations. Manual assistance was provided as needed to ensure physiological movements.
Sessions included multiple 4-5 minute walking bouts with rest intervals.

Control
Name: Resistance and aerobic exercise programme

Protocol description: Control (standard rehabilitation)
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Delivery setting: Outpatient spinal cord injury rehabilitation hospital
Number/frequency of sessions: 3x 45-minute sessions per week
Duration: 16 weeks

Practitioner(s): Physiotherapist

The control group participated in a tailored exercise programme including 20-25 minutes of resistance training (with hand
weights, cables, and Uppertone system) and 20-25 minutes of aerobic training (arm cycling, leg cycling, and walking on
a treadmill or in parallel bars). Resistance training involved 2-3 sets at 12-15 repetition maximum, progressively
increased as tolerated. Aerobic exercise was monitored for moderate intensity (3-5 on the Borg Scale) to prevent
excessive exertion. Blood pressure and heart rate were monitored during sessions. The control group also had the
option to use the treadmill if they could walk unassisted.

Duration of follow-up 8 months follow-up (12 months from baseline)
Sources of funding Not industry funded

Sample size N=34
- Functional electrical stimulation plus bodyweight supported treadmill training (Loko70): 17

- Resistance and aerobic exercise programme: 17

Other information SCIM3 outcomes not measured at post-intervention or 2 months follow-up. Modified Ashworth Scale (measure of
limb/joint/muscle function) measured but data reported narratively with insufficient information to conduct analysis.
mA: miliamps; N/n: number of participants; SCIM3: spinal cord independence measure 3rd revision; SD: standard deviation; us: microseconds

Outcomes
Study timepoints
e Baseline

e Post-intervention (4 months from baseline)
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e 2 months follow-up (6 months from baseline)

e 8 months follow-up (12 months from baseline)

Functional electrical stimulation plus bodyweight supported treadmill training (Loko70) versus resistance and aerobic exercise
programme: Gait and balance

Gait and balance as measured by TUG - Polarity - Lower values are better

Outcome Functional electrical Functional electrical Functional electrical Resistance and Resistance and Resistance and

stimulation plus stimulation plus stimulation plus aerobic exercise aerobic exercise aerobic exercise
bodyweight bodyweight bodyweight programme, Post- programme, 2 programme, 8
supported treadmill supported treadmill supported treadmill intervention vs months follow-up months follow-up

training (Loko70), training (Loko70),2 training (Loko70),8 Baseline, N=6 vs Baseline, N =6 vs Baseline, N =6
Post-intervention vs months follow-up vs months follow-up vs

Baseline, N =10 Baseline, N =10 Baseline, N =10
TUG -10.6 (17.21) -10.4 (17.04) -11.4 (16.87) -12.1 (24.51) -18.4 (26.72) -10.3 (25.11)
Mean
(SD)

N/n: number of participants; SD: standard deviation; TUG: timed up and go test

Functional electrical stimulation plus bodyweight supported treadmill training (Loko70) versus resistance and aerobic exercise
programme: Gait and balance

Gait as measured by 10MWT - Polarity - Lower values are better
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Outcome Functional electrical Functional electrical Functional electrical Resistance and Resistance and Resistance and

stimulation plus stimulation plus stimulation plus aerobic exercise aerobic exercise aerobic exercise
bodyweight bodyweight bodyweight programme, Post- programme, 2 programme, 8
supported treadmill supported treadmill supported treadmill intervention vs months follow-up months follow-up

training (Loko70), training (Loko70), 2 training (Loko70), 8 Baseline, N=7 vs Baseline, N =7 vs Baseline, N=7
Post-intervention vs months follow-up vs months follow-up vs

Baseline, N = 14 Baseline, N = 14 Baseline, N = 14
10MWT -7.6 (34.11) -9 (30.99) -0.6 (45.01) -20.4 (35.9) -18.2 (33.25) -14 (30.27)
Mean
(SD)

N/n: number of participants; SD: standard deviation; TOMWT: 10 metre walk test

Functional electrical stimulation plus bodyweight supported treadmill training (Loko70) versus resistance and aerobic exercise
programme: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Functional electrical Functional electrical Functional electrical Resistance and Resistance and Resistance and

stimulation plus stimulation plus stimulation plus aerobic exercise aerobic exercise aerobic exercise
bodyweight bodyweight bodyweight programme, Post- programme, 2 programme, 8
supported treadmill supported treadmill supported treadmill intervention vs months follow-up months follow-up

training (Loko70), training (Loko70), 2 training (Loko70), 8 Baseline, N=7 vs Baseline, N =7 vs Baseline, N=7
Post-intervention vs months follow-up vs months follow-up vs

Baseline, N=9 Baseline, N=9 Baseline, N=9
6MWT 29.2 (91.73) 31.4 (97.68) 44.6 (93.86) 51.5 (58.02) 52.9 (57.8) 47 (55.5)
Mean
(SD)

N/n: number of participants; SD: standard deviation; TUG: timed up and go test; 6MWT: 6 minute walk test
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Functional electrical stimulation plus bodyweight supported treadmill training (Loko70) versus resistance and aerobic exercise
programme: Functioning

Functioning as measured by SCIM3 - Polarity - Higher values are better

Outcome Functional electrical stimulation plus bodyweight supported treadmill Resistance and aerobic exercise programme, 8
training (Loko70), 8 months follow-up vs Baseline, N =15 months follow-up vs Baseline, N = 11

SCIM3 6.4 (13.15) 0.9 (12.53)

Mean

(SD)

N/n: number of participants; SD: standard deviation; SCIM3: spinal cord independence measure 3rd revision

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Low

randomisation process randomisation process (Randomisation was generated using randperm.m function in Matlab with
allocations placed in concealed envelopes. No differences between baseline
characteristics.)

Domain 2a: Risk of bias due to Risk of bias for deviations Some concerns

deviations from the intended from the intended (Participants were aware of interventions allocated and no deviations from

interventions (effect of interventions (effect of intended interventions. No information on whether intention-to-treat analyses

assignment to intervention) assignment to intervention) were used. One participant was reported to drop out due to allocation
(randomisation to control group), considered lost to follow-up and not
analysed.)

Domain 3. Bias due to missing Risk-of-bias judgement for High

outcome data missing outcome data (There were missing outcomes for participants lost to follow-up by post

intervention (1/17, 6% for intervention, 5/17 29% for control arm) and at 6
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Section

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

months (1/17, 6% for control). Reasons cited for loss to follow-up were due to
medical issues reported not to be related to the study (n=2, study arm not
reported), leaving the country (n=1, study arm not reported), due to
randomisation to the control group (n=1) and dropped out for unknown reasons
(n=3). These participants were not included in the analysis nor were any
sensitivity analyses performed. Proportions lost to follow-up differ between
arms and It is unclear whether missingness depends on true value.)

High

(SCIMS3: (high): It is likely that assessment outcome could be influenced by
knowledge of allocation as is a participant-reported measure by unblinded
participants. Same time points and measurement tools used. TUG, 10MWT,
6MWT (some concerns): Although, validated and widely used tools all
measures were taken without the functional electrical stimulation, assessing
only the voluntary functions generated by the participants. The assessors were
blinded to the group allocation of participants.)

High

(Although the protocol is available, there are changes in the primary objectives.
SCIM3 outcomes were not measured post-intervention or at the 2-month
follow-up. Modified Ashworth scale data was reported narratively, lacking
sufficient information for analysis.)

High
Directly applicable

Not applicable

N/n: number of participants;, SCIM3: spinal cord independence measure 3rd revision; TUG: timed up and go test; 6MWT: 6 minute walk test; 1T0MWT: 10 metre walk test

Kleffelgaard, 2019
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Bibliographic Kleffelgaard, Ingerid; Soberg, Helene Lundgaard; Tamber, Anne-Lise; Bruusgaard, Kari Anette; Pripp, Are Hugo; Sandhaug,
Reference Maria; Langhammer, Birgitta; The effects of vestibular rehabilitation on dizziness and balance problems in patients after
traumatic brain injury: a randomized controlled trial.; Clinical rehabilitation; 2019; vol. 33 (no. 1); 74-84

Study details

Countryl/ies where Norway
study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2013 - October 2015
Inclusion criteria - Participants with traumatic brain injury,

- Aged 16—60 years,
- Reported mild, moderate, or severe dizziness (Rivermead Post-Concussion Symptoms Questionnaire score 2 2),

- Positive Romberg's test.

Exclusion criteria - Severe psychological disease or substance abuse,
- Insufficient command of Norwegian,
- Cognitive dysfunction (unable to follow instructions or fill in forms),
- Fractures or other comorbidities affecting mobility and independent gait,

- Dizziness Handicap Inventory score < 15 points.

Patient N=65 adults with traumatic brain injury

characteristics ] o S ] o
- Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation: n=33

- Multidisciplinary outpatient rehabilitation: n=32
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Age in years [Mean (SD)]:
- Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation: 37.6 (12.3)

- Multidisciplinary outpatient rehabilitation: 41.2 (13.6)

Sex (M/F):
- Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation: n=10/n=23

- Multidisciplinary outpatient rehabilitation: n=10/n=22

Time since injury in months [Mean (SD)]:
- Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation: 3.9 (2.2)

- Multidisciplinary outpatient rehabilitation: 3.4 (1.9)

Chronic neurological disorder category: Acquired brain injury

Note: Characteristics reported for analysed numbers at first follow-up (n=33 for vestibular rehabilitation plus
multidisciplinary outpatient rehabilitation and n=31 for multidisciplinary outpatient rehabilitation). n=1 did not receive
allocated control as they withdrew after randomization and didn’t give consent for baseline data use.

Intervention(s)/control Intervention
Name: Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation

Protocol intervention group: Rehabilitation interventions to address upper limb functioning — Vestibular exercise,
including optokinetic training

Delivery setting: Outpatient rehabilitation clinic
Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
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Number/frequency of sessions: 2x group sessions (2-5 participants) per week with 90-minutes for session 1 and 60-
minutes for session 2

Duration: 8 weeks
Practitioner(s): Physiotherapist

The intervention included group sessions with guidance, individually modified vestibular rehabilitation exercises, a home
exercise program, and an exercise diary. Groups of 2 to 5 participants attended two weekly sessions with different
focuses: session 1 featured individually modified vestibular rehabilitation exercises in a circle training design, allowing
participants to skip intolerable stations, while session 2 emphasised muscle conditioning and group interactions with
balls and balloons. Exercises were tailored based on each participant's symptoms and functional challenges, including
Brandt-Daroff exercises and maneuver treatments. Guidance sessions, led by physical therapists, included participant
reflections, confidence building, education, and peer support, with a focus on positive experiences and self-efficacy.
Parameters for vestibular rehabilitation exercises were adjusted based on subjective symptom levels, with feedback
used to refine exercises and ensure a gradual introduction to avoid exacerbating symptoms.

In addition, participants were offered usual outpatient multidisciplinary rehabilitation with aim to assist participation in
daily activities and return to work. This involved clinical examinations by psychiatrists and assessments and follow-up by
a multidisciplinary team if required.

Control

Name: Multidisciplinary outpatient rehabilitation

Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Outpatient rehabilitation clinic
Number/frequency of sessions: Not reported

Duration: 8 weeks

Practitioner(s): Physiotherapist

The control only received usual multidisciplinary outpatient rehabilitation as described above, resulting in less therapy
time compared to the intervention group. Participants with a positive positioning test (Dix-Hallpike and Roll test) were
treated with repositioning maneuvers (Epley and Bar-B-Que Roll maneuvers) by the interventionist after baseline
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assessments, as not treating benign paroxysmal positional vertigo would conflict with research ethics due to strong
evidence supporting these treatments.

Duration of follow-up 2 months follow-up (4 months from baseline [mean 4.4, standard deviation 1.0 months])
Sources of funding Not industry funded

Sample size N=65
- Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation: n=33

- Multidisciplinary outpatient rehabilitation: n=32
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
e Post-intervention (8 weeks from baseline (mean 2.7, standard deviation 0.8 months))

e 2 months follow-up (4 months from baseline (mean 4.4, standard deviation 1.0 months))

Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation versus multidisciplinary outpatient rehabilitation: Gait and
balance

Gait and balance as measured by Hi-MAT - Polarity - Higher values are better

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
318



FINAL
Stability, mobility and upper limb function

Outcome Vestibular rehabilitation plus Vestibular rehabilitation plus
multidisciplinary outpatient multidisciplinary outpatient
rehabilitation, Post-intervention rehabilitation, 2 months follow-
vs Baseline, N = 29 up vs Baseline, N = 25

Hi-MAT 6.7 (6.15) 6.4 (6.27)

Mean

(SD)

Hi-MAT: high-level mobility assessment tool; N/n: number of participants; SD: standard deviation

Multidisciplinary outpatient Multidisciplinary outpatient

rehabilitation, Post- rehabilitation, 2 months
intervention vs Baseline, N follow-up vs Baseline, N =
=23 26

2.1 (8.56) 5.2 (7.9)

Vestibular rehabilitation plus multidisciplinary outpatient rehabilitation versus multidisciplinary outpatient rehabilitation: Gait and

balance

Balance as measured by BESS - Polarity - Lower values are better

Outcome Vestibular rehabilitation plus Vestibular rehabilitation plus
multidisciplinary outpatient multidisciplinary outpatient
rehabilitation, Post-intervention rehabilitation, 2 months follow-
vs Baseline, N = 31 up vs Baseline, N = 26

BESS -10.6 (7.9) -12.2 (7.86)

Mean

(SD)

BESS: balance error scoring system; N/n: number of participants; SD: standard deviation

Critical appraisal — Cochrane RoB 2

Multidisciplinary outpatient Multidisciplinary outpatient

rehabilitation, Post- rehabilitation, 2 months
intervention vs Baseline, N follow-up vs Baseline, N =
=26 28

2.1 (6.63) -0.1 (6.6)
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Answer

Low

(A computer-generated list of random numbers in blocks of 4 was prepared by
statisticians not involved in the trial. An uninvolved research assistant stored
the list and prepared sequentially numbered, opaque, sealed envelopes. The
allocation sequence was concealed from the interventionist. Unable to
determine potential imbalances between randomised participants at baseline
as characteristics are only presented for participants analysed rather than
randomised.)

Low

(Although patrticipants and personnel were aware of interventions allocated,
there were no deviations from intended interventions. 1/32 (3.1%) participant
in control arm did not receive the rehabilitation after randomisation due to
refusal to participate and were not included in the analysis. Intention-to-treat
analyses were used.)

Some concerns

(4/33 (12.1%) and 7/32 (21.9%) of participants in the intervention and control
groups for gait and balance outcome measured by Hi-MAT at post-
intervention; 10/33 (30.3%) and 6/32 (18.8%) of participants in the intervention
and control groups for gait and balance outcome measured by Hi-MAT at 2
months follow-up; 2/33 (6.1%) and 6/32 (18.8%) of participants in the
intervention and control groups for balance measured by BESS at post-
intervention; 7/33 (21.2%) and 4/32 (12.4%) of participants in the intervention
and control groups for balance measured by BESS at 2 months follow-up,
respectively were lost to follow-up. All results were biased by missing data;
missingness unlikely to depend on true value based on reasons: orthopaedic
surgery (1 in intervention), vacation (3 in intervention), did not wish to
participate (3 in intervention, 3 in control), or no reason provided (1 in each
arm).)
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Section Question Answer
Domain 4. Bias in measurement  Risk-of-bias judgement for Low
of the outcome measurement of the outcome (Method of outcome assessment was standard and appropriate and outcome

assessors were blinded to allocation.)

Domain 5. Bias in selection of the Risk-of-bias judgement for Low
reported result selection of the reported result (Pre-specified analysis plan was published; all relevant scales, time points and
analysis results reported.)

Overall bias and Directness Risk of bias judgement Some concerns

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

BESS: balance error scoring system; Hi-MAT: high-level mobility assessment tool

Lam, 2015
Bibliographic Lam, Tania; Pauhl, Katherine; Ferguson, Amanda; Malik, Raza N; Krassioukov, Andrei; Eng, Janice J; Training with robot-
Reference applied resistance in people with motor-incomplete spinal cord injury: Pilot study.; Journal of rehabilitation research and

development; 2015; vol. 52 (no. 1); 113-29

Study details

Country/ies where Canada
study was carried out

Study type Randomised controlled trial (RCT)

Study dates Not reported
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Inclusion criteria

Exclusion criteria

Patient
characteristics

- Motor-incomplete spinal cord injury (SCI; American Spinal Injury Association Impairment Scale impairment scale C or
D) for 1 year or longer,

- Able to walk on treadmill with bodyweight support without manual assistance,
- Aged 19 to 65 years.

Note: Published protocol additionally included motor-incomplete SCI due to non-progressive lesion, controlled spasticity
(stable medication) throughout the study.

- Lesion level lower than thoracic 11 or lower motoneuron injury,

- Cannot step even with assistance of a treadmill and bodyweight support,

- Weight of over 300 pounds or height greater than 6 feet 1 inch as that is the size capacity of Lokomat,

- Cardiac, musculoskeletal, or other condition which prevents exercise,

- Participation in rehabilitation therapy or other research study containing an exercise component or mobility outcomes.

Note: Published protocol had additional exclusion criteria which were femur length <35 centimetres or >47 centimeters
and bodyweight over 150 kilograms, skin conditions or open wounds or sores where contact with leg cuffs of Lokomat or
bodyweight harness is located, existing cognitive impairment (based on cognitive capacity screening examination score
less than 24/30).

N=15 adults with motor-incomplete spinal cord injury
- Robot-resisted treadmill training (Lokomat): n=8

- Robot-assisted treadmill training (Lokomat): n=7

Age in years [Mean (SD)]:
- Robot-resisted treadmill training (Lokomat): 40.3 (14.1)
- Robot-assisted treadmill training (Lokomat): 50 (14.3)
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Sex (M/F):
- Robot-resisted treadmill training (Lokomat): n=6/n=2

- Robot-assisted treadmill training (Lokomat): n=3/n=4

Time since injury in months [Mean (SD)]:
- Robot-resisted treadmill training (Lokomat): 5.6 (6.5)
- Robot-assisted treadmill training (Lokomat): 5.3 (4.4)

Chronic neurological disorder category: Acquired spinal cord injury

Intervention(s)/control Intervention
Name: Robot-resisted treadmill training (Lokomat)
Protocol intervention group: Rehabilitation interventions to address mobility — Gait training
Delivery setting: Not reported
Number/frequency of sessions: 3x 45-minutes per week
Duration: 3 months
Practitioner(s): Not reported

Lokomat-based training using custom software control to use a velocity-dependent resistance against the hip and knee.
Resistance level was gauged by isometric muscle testing with the Lokomat as well as with walking on the treadmill with
the Lokomat at current training speed. Force level was reassessed every 4-6 training sessions. Bodyweight support was
based on minimum tolerance levels and speed initially was 1.0 kilometres per hour and increased in increments by 0.1
kilometres per hour which was increased if the participant could maintain the treadmill speed for at least 5-minutes.
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Participants that had weak or paralyzed ankle dorsiflexion were aided by the Lokomat's passive food lifters. Rest breaks
were granted when needed.

Control

Name: Robot-assisted treadmill training (Lokomat)
Protocol description: Same intervention (different intensity)
Delivery setting: Not reported

Number/frequency of sessions: 3x per week

Duration: 3 months

Practitioner(s): Not reported

45-minutes of conventional Lokomat-based training whereby the hip and knee joint motors of the Lokomat move the
participants' legs to form a normative gait. Bodyweight support and speed of the treadmill was the same as for the
intervention group.

Duration of follow-up 6 months follow-up (9 months from baseline)
Sources of funding Not industry funded

Sample size N=15
- Robot-resisted treadmill training (Lokomat): n=8

- Robot-assisted treadmill training (Lokomat): n=7
N/n: number of participants; SCI: spinal cord injury; SD: standard deviation

Outcomes
Study timepoints

o Baseline
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e Post-intervention (3 months from baseline)
e 1 month follow-up (4 months from baseline)

e 6 months follow-up (9 months from baseline)

Robot-resisted treadmill training versus robot-assisted bodyweight supported treadmill training: Gait and balance

Gait and balance as measured by SCI-FAP - Polarity - Lower values are better

Outcome Robot-resisted Robot-resisted Robot-resisted Robot-assisted Robot-assisted
treadmill training treadmill training  treadmill training  treadmill training treadmill training
(Lokomat), Post- (Lokomat), 1 month (Lokomat), 6 (Lokomat), Post- (Lokomat), 1 month
intervention vs follow-up vs months follow-up intervention vs follow-up vs
Baseline, N =8 Baseline, N =8 vs Baseline, N=8 Baseline, N=7 Baseline, N=7

SCI-FAP -205 (382.17) -217 (381.84) -220 (382.33) -17 (513.85) -34 (512.62)

Mean

(SD)

N/n: number of participants;, SCI-FAP: spinal cord injury functional ambulation profile; SD: standard deviation

Robot-resisted treadmill training versus robot-assisted bodyweight supported treadmill training: Gait and balance

Gait as measured by 1T0OMWT - Polarity - Higher values are better
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Outcome Robot-resisted

treadmill training
(Lokomat), Post-
intervention vs
Baseline, N=7

10MWT  0.11 (0.21)

Mean
(SD)

Robot-resisted
treadmill training

Robot-resisted
treadmill training

(Lokomat), 1 month (Lokomat), 6

follow-up vs
Baseline, N=7

0.1(0.2)

months follow-up
vs Baseline, N =7

0.08 (0.2)

N/n: number of participants; SD: standard deviation; TOMWT: 10 metre walk test

Robot-resisted treadmill training versus robot-assisted bodyweight supported treadmill training: Exercise capacity

Exercise capacity as measured by 6MWT - Polarity - Higher values are better

Outcome Robot-resisted

6MWT

Mean
(SD)

treadmill training

(Lokomat), Post-
intervention vs
Baseline, N=8

22 (78.69)

Robot-resisted

treadmill training

Robot-resisted
treadmill training

(Lokomat), 1 month (Lokomat), 6

follow-up vs
Baseline, N=8

29 (68.8)

months follow-up

vs Baseline, N =8

55 (79.21)

N/n: number of participants; SD: standard deviation; 6MWT: 6 minute walk test

Critical appraisal — Cochrane RoB 2

Robot-assisted
treadmill training
(Lokomat), Post-
intervention vs
Baseline, N=5

0.11 (0.26)

Robot-assisted
treadmill training
(Lokomat), Post-
intervention vs
Baseline, N=5

19 (99.46)
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Section Question

Domain 1: Bias arising from the  Risk of bias judgement for the
randomisation process randomisation process

Domain 2a: Risk of bias due to Risk of bias for deviations

deviations from the intended from the intended
interventions (effect of interventions (effect of
assignment to intervention) assignment to intervention)

Domain 3. Bias due to missing Risk-of-bias judgement for
outcome data missing outcome data

Domain 4. Bias in measurement Risk-of-bias judgement for
of the outcome measurement of the outcome

Domain 5. Bias in selection of the Risk-of-bias judgement for

Answer

Some concerns

(Stratified randomisation was described but no information on allocation
concealment. Authors report no statistically significant differences between
arms at baseline. Although visually it appeared there were differences between
groups in mean age and composition of sex, any differences were likely due to
chance due to small sample size.)

Low

(Participants were blinded, unclear if personnel delivering the intervention were
blinded. There was no deviation from allocated intervention due to trial context
and an appropriate intention-to-treat analysis performed.)

Some concerns

(Outcome data not available for all participants (2/7 (29%) in control at all time
points and 1/8 (13%) in the intervention only at 6 month time point with loss to
follow-up in the control group potentially related to missing outcome
(pneumonia) whereas other reasons are unlikely to relate to missingness in the
outcome (family difficulties for control arm; moved out of province for
intervention arm). The authors conducted missing completely at random
multiple imputation for intention-to-treat analysis but whether this reduces bias
in missing outcome is unknown as the authors did not provide a rationale
towards their choice of multiple implementation method as well as justification
for the assumption that missingness in the outcome does not depend on its
true value other than through measured variables included in the imputation
model.)

Low
(Outcomes appropriately assessed and outcome assessors were blinded to
allocation at each time point.)

Some concerns

reported result selection of the reported result (Pre-registered protocol is available via clinicaltrials.gov, however, contains
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Section

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Leung, 2014

Question

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

minimal information about planned outcomes and no information about
statistical analysis plans.)

Some concerns
Directly applicable

Not applicable

Bibliographic Leung, Joan; Harvey, Lisa A; Moseley, Anne M; Whiteside, Bhavini; Simpson, Melissa; Stroud, Katarina; Standing with
Reference electrical stimulation and splinting is no better than standing alone for management of ankle plantarflexion contractures in
people with traumatic brain injury: a randomised trial.; Journal of physiotherapy; 2014; vol. 60 (no. 4); 201-8

Study details

Country/ies where Australia

study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2009 - December 2014
Inclusion criteria - Admitted with a traumatic brain injury to one of three brain injury rehabilitation units in Sydney,

- First documented traumatic brain injury,

- Score of 4 or lower on the walking item of Functional Independence Measure (an inability to walk 17 metres without
physical assistance or 50 metres with supervision),
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- Presence of an ankle contracture (defined as passive dorsiflexion ankle range of motion less than 5 degrees at a
torque of 12 newton metres,

- Ability to participate in the assessment and intervention programme,

- No unstable medical conditions or recent ankle fractures,

- No other neurological conditions such as spinal cord injury or cerebrovascular disease,
- Anticipated length of stay in hospital of at least 6 weeks,

- No botulinum toxin injection to ankle joint within previous 3 months.
Exclusion criteria None reported

Patient N=36 adults with traumatic brain injury
characteristics ) ) . ) ) o o o
- Tilt table standing, electrical stimulation and ankle splinting plus multidisciplinary rehabilitation: n=18

- Tilt table standing plus multidisciplinary rehabilitation: n=18

Age in years [Mean (SD)]:
- Tilt table standing, electrical stimulation and ankle splinting plus multidisciplinary rehabilitation: 38 (14)

- Tilt table standing plus multidisciplinary rehabilitation: 38 (15)

Sex (n):
- Tilt table standing, electrical stimulation and ankle splinting plus multidisciplinary rehabilitation: n=14/3

- Tilt table standing plus multidisciplinary rehabilitation: n=15/3

Time since injury in months [Mean (SD)]:

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)
329



FINAL

Stability, mobility and upper limb function

Intervention(s)/control

- Tilt table standing, electrical stimulation and ankle splinting plus multidisciplinary rehabilitation: 140 (96 to 226)

- Tilt table standing plus multidisciplinary rehabilitation: 83 (66 to 161)

Chronic neurological disorder category: Acquired brain injury

Note: Baseline characteristics were only reported for n=17 for tilt table standing, electrical stimulation and ankle splinting
and n=18 for tilt table standing only as 1 participant was excluded post randomisation due to incorrect diagnosis.

Intervention
Name: Tilt table standing, electrical stimulation and ankle splinting plus multidisciplinary rehabilitation

Protocol intervention group: Rehabilitation interventions to address mobility — Lower limb wearables, electrical
stimulation and lower-body robotics

Delivery setting: Inpatient — rehabilitation unit

Number/frequency of sessions: 5x 30-minute sessions per week of tilt table standing with electrical stimulation and ankle
splinting for 5 days per week (12 hours)

Duration: 6 weeks
Practitioner(s): Nursing staff, physiotherapists, or physiotherapy assistants
Participants underwent tilt table standing with wedge while electrical stimulation was applied to the ankle dorsiflexor

muscles by physiotherapists. Splints applied by nursing staff, physiotherapists, or physiotherapy assistants. Both groups
received usual multidisciplinary rehabilitation as appropriate (no further details reported)..

Control
Name: Tilt table standing plus multidisciplinary rehabilitation

Protocol description: Control (standard rehabilitation care alone)
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Delivery setting: Inpatient — rehabilitation unit

Number/frequency of sessions: 3 x 30-minute sessions per week, totalling 18 seesions.
Duration: 6 weeks

Practitioner(s): Physiotherapists

Participants underwent tilt table standing without wedge and received usual multidisciplinary rehabilitation as appropriate
(no further details reported).

Duration of follow-up 1 month follow-up (10 weeks from baseline)
Sources of funding Not industry funded

Sample size N=36

- Tilt table standing, electrical stimulation and ankle splinting plus multidisciplinary rehabilitation: n=18

- Tilt table standing plus multidisciplinary rehabilitation: n=18
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
o Post-intervention (6 weeks from baseline)

e 1 month follow-up (10 weeks from baseline)

Functional electrical stimulation plus ankle splinting plus tilt table standing versus tilt table standing: Limb/joint/muscle functioning
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Spasticity as measured by TS - Polarity - Lower values are better

Outcome Functional electrical stimulation plus

Functional electrical stimulation plus Tilt table standing, Tilt table standing, 1

ankle splinting plus tilt table standing, ankle splinting plus tilt table standing, Post-intervention vs month follow-up vs

Post-intervention vs Baseline, N = 17

TS 0(0.71)

Mean
(SD)

1(0.71)

N/n: number of participants; SD: standard deviation; TS: Tardieu scale

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of assignment
to intervention)

Domain 3. Bias due to missing
outcome data

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations from
the intended interventions (effect
of assignment to intervention)

Risk-of-bias judgement for
missing outcome data

1 month follow-up vs Baseline, N =17 Baseline, N =18 Baseline, N =15

2 (0.71) 1(0.71)

Answer

Low

(Computer generated external randomisation and concealed envelopes
were used. Unable to determine potential imbalances between
randomised participants at baseline as characteristics are only presented
for participants analysed rather than randomised.)

Low

(Although participants were not blinded, it is unlikely that deviations arose
because of the experimental context and analysis was on the basis of
modified intention- to-treat.)

Low

(Missing data occurred for 1/18 (6%) in intervention due to exclusion
based on wrong diagnosis and 3/18 (17%) in control arm whereby at
week 10 follow-up, 2 were discharged to regional area and 1 participant
withdrew. Missingness unlikely depended on true value.)
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Section Question

Domain 4. Bias in measurement of  Risk-of-bias judgement for
the outcome measurement of the outcome

Domain 5. Bias in selection of the Risk-of-bias judgement for

reported result selection of the reported result

Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Overall bias and Directness Risk of bias variation across
outcomes

N/n: number of participants

Lozano-Berrio, 2022

Answer

Low

(Outcome measures were appropriate and unlikely to have differed
between groups, and outcome assessors were blinded to group
allocation.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

Some concerns
Directly applicable

Not applicable

Bibliographic Lozano-Berrio, V; Alcobendas-Maestro, M; Polonio-Lopez, B; Gil-Agudo, A; de la Pena-Gonzalez, A; de Los Reyes-Guzman,
Reference A; The Impact of Robotic Therapy on the Self-Perception of Upper Limb Function in Cervical Spinal Cord Injury: A Pilot
Randomized Controlled Trial.; International journal of environmental research and public health; 2022; vol. 19 (no. 10)

Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)

Study dates April 2016 - April 2019
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Inclusion criteria - Cervical spinal cord injury (C4-C8) classified A-D on the ASIA Impairment Scale,
- Traumatic or non-progressive aetiology,
- Injury evolution less than 6 months (subacute),
- Age between 16 and 75 years,
- Ability to achieve a seated posture,

- Signed informed consent.

Exclusion criteria - Unstable orthopaedic injuries or unstable osteosynthesis in the upper limb,
- Skin lesions or pressure ulcers at exoskeleton placement,
- Joint stiffness or severe spasticity,
- Severe broncho-pneumopathy or heart disease requiring exercise monitoring,
- Visual problems or cognitive impairment,

- Failure to sign informed consent.

Patient N=28 adults with cervical spinal cord injury
characteristics ] o )
- Robotic training plus conventional therapy: n=14

- Conventional therapy: n=14

Age in years [Mean (SD)]:
- Robotic training plus conventional therapy: 39.92 (16.52)
- Conventional therapy: 46.81 (16.30)
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Intervention(s)/control

Sex (M/F):
- Robotic training plus conventional therapy: n=8/n=5

- Conventional therapy: n=10/n=3

Time since injury in months [Mean (SD)]:
- Robotic training plus conventional therapy: 3.86 (1.66)
- Conventional therapy: 4.29 (1.37)

Chronic neurological disorder category: Acquired spinal cord injury

Note: Baseline characteristics were only reported for participants analysed (n=13 in each arm).

Intervention
Name: Robotic training plus conventional therapy

Protocol intervention group: Rehabilitation interventions to address upper limb functioning — Robotics and repetitive task
training

Delivery setting: Inpatient paraplegic unit

Number/frequency of sessions: 5x 60-minute sessions per week
Duration: 8 weeks (a maximum of 10 weeks was permitted)
Practitioner(s): Clinical staff (no further details reported)

Participants received 30-minutes of daily conventional therapy focused on upper limb function and activities of daily living
treatment. Additionally, the intervention group received 30-minutes of upper limb robotic therapy using the
Armeo®Spring device, which was split into two parts: 15-minutes of normalised games and 15-minutes of activities of
daily living training for drinking. In the game, participants used the Armeo Spring device to simulate the actions of
reaching, lifting, drinking, and returning a glass to the table.
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Control

Name: Conventional therapy

Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Inpatient paraplegic unit

Number/frequency of sessions: 5x 60-minute sessions per week
Duration: 8 weeks (a maximum of 10 weeks was permitted)
Practitioner(s): Clinical staff (no further details reported)

Participants received 30-minutes of daily conventional therapy for upper limb function and activities of daily living
treatment. The control group received an additional 30-minutes of conventional therapy. No further details reported on
content of conventional therapy.

Duration of follow-up Post-intervention (10 weeks from baseline)
Sources of funding Not industry funded

Sample size N=28
- Robotic training plus conventional therapy: n=14

- Conventional therapy: n=14
ASIA: American spinal injury association; c: cervical; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
e Baseline

e Post-intervention (10 weeks from baseline.)
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Robotic training plus conventional therapy versus conventional therapy: Limb/joint/muscle function

Upper limb functioning as measured by CUE - Polarity - Higher values are better

Robotics and repetitive task training versus control in adults with acquired spinal cord injury

Outcome Robotic training plus conventional therapy, Post-intervention vs Conventional therapy, Post-intervention vs Baseline,

Baseline, N =13 N=13
CUE 28.46 (36.51) 19 (27.65)
Mean
(SD)

CUE: capabilities of upper extremity questionnaire; N/n: number of participants; SD: standard deviation

Robotic training plus conventional therapy versus conventional therapy: Functioning

Functioning as measured by SCIM3 - Polarity - Higher values are better

Robotics and repetitive task training versus control in adults with acquired spinal cord injury

Outcome Robotic training plus conventional therapy, Post-intervention vs Conventional therapy, Post-intervention vs Baseline,

Baseline, N =13 N=13
SCIM3 16 (16.21) 17 (16.31)
Mean
(SD)

N/n: number of participants;, SCIM3: spinal cord independence measure 3rd revision; SD: standard deviation
Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for

missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Answer

Low

(Random number generation and concealed allocation following blocked
randomisation. Each block of four participants had two allocated to the control
group and two to the intervention group. Unable to determine potential
imbalances between randomised participants at baseline as characteristics are
only presented for participants analysed rather than randomised.)

Some concerns

(No information on blinding of participants, carer or personnel, however, due to
nature of intervention most likely not possible. One participant discontinued to
receive an additional intervention (Hand Tutor) and was excluded from
analysis. Based on deduction (as it is not made clear in the study) the
participant appeared to be originally assigned to the intervention group.)

Low

(1/14 (7.1%) and 1/14 (7.1%) of participants in the intervention and control
groups, respectively dropped out of the study before the final assessment
time-point. Their outcome data not included in the analysis. Loss to follow-up
was balanced between groups and reasons for drop out unrelated to true
value (hospital discharge, received additional intervention) so missingness
unlikely depended on true value.)

High

(CUE, SCIMS3 (high). Whilst the examiners were unaware of the experimental
group assignment, the outcome for CUE is subjective in evaluating difficulty in
performing determined upper limb tasks according to the participants'
perception and SCIM3 could be influenced by knowledge of allocation as is a
participant-reported measure by unblinded participants. Same time points and
measurement tools used.)

Low
(Published protocol. All relevant scales, time points and analysis results
reported in the study.)
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Section Question Answer

Overall bias and Directness Risk of bias judgement High

Overall bias and Directness Overall Directness Directly applicable

Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

CUE: capabilities of upper extremity questionnaire; N/n: number of participants; SCIM3: spinal cord independence measure 3rd revision

Lozano-Quilis, 2014
Bibliographic Lozano-Quilis, Jose-Antonio; Gil-Gomez, Hermenegildo; Gil-Gomez, Jose-Antonio; Albiol-Perez, Sergio; Palacios-Navarro,

Reference Guillermo; Fardoun, Habib M; Mashat, Abdulfattah S; Virtual rehabilitation for multiple sclerosis using a kinect-based system:
randomized controlled trial.; JMIR serious games; 2014; vol. 2 (no. 2); e12

Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported.
Inclusion criteria - Relapsing-remitting and secondary-progressive multiple sclerosis,

- Men and women,
- Aged 18 to 65 years,

- Minimum score of 6 on every item within the domain of the Functional Independence Measure,
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- No need for assistive devices movement or at most a cane,

- No cognitive impairments.

Exclusion criteria - Presence of flare-up symptoms,

- Unable to physically complete all rehabilitation sessions.

Patient N=11 adults with relapsing-remitting and secondary-progressive multiple sclerosis
characteristics . ) o . .
- Virtual reality-based motor rehabilitation plus traditional physiotherapy: n=6

- Traditional physiotherapy: n=5

Age in years [Mean (SD)]:
- Virtual reality-based motor rehabilitation plus traditional physiotherapy: 48.33 (10.82)
- Traditional physiotherapy: 40.60 (9.24)

Sex (M/F):
- Virtual reality-based motor rehabilitation plus traditional physiotherapy: n=3/n=3

- Traditional physiotherapy: n=4/n=1

Time since diagnosis in years [Mean (SD)]:
- Virtual reality-based motor rehabilitation plus traditional physiotherapy: 14.00 (12.69)
- Traditional physiotherapy: 4.70 (3.11)
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Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Virtual reality-based motor rehabilitation plus traditional physiotherapy

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
exergaming and AR/VR

Delivery setting: Neurorehabilitaiton service in a multiple sclerosis association
Number/frequency of sessions: One session weekly totaling in ten sessions
Duration: 10 weeks

Practitioner(s): Therapist (not specified)

Virtual rehabilitation was undertaken using the software and hardware of RemoviEM for motor rehabilitation exercise.
The therapist chose the exercises for the participant and the system displays participant progress. The three motor
rehabilitation exercises were TouchBall, TakeBall and StepBall with time limits for each activity and involved visual and
audio cues. TouchBall focused on balance and weight transfer with lateral movements of the trunk with the participant
sitting or standing while trying to touch virtual objects with hands before they disappear, using only the upper body.
TakeBall focused on complete movements of upper limbs with coordination whereby virtual objects were to be moved
from an initial to target position with both hands (from a sitting or standing position). StepBall focused on balance and
weight transfer with lateral movements and monopodal load whereby virtual objects on the ground at either side of the
participant were stepped on before they disappeared whilst virtual obstacles could appear between feet and the object.

The start of the session involved instructions towards virtual interactions and goals as well as a countdown towards the
exercise and at the end of the session there was a summary of results which the participant and therapist could view.

Virtual rehabilitation ran for 15-minutes at the end of a 1-hour session. The first 45-minutes were dedicated to traditional
therapy (as described in control group).

Control
Name: Traditional physiotherapy

Protocol description: Control (standard rehabilitation care alone)
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Delivery setting: Neurorehabilitation service in a multiple sclerosis association
Number/frequency of sessions: 1x session per week totaling 10 sessions
Duration: 10 weeks

Practitioner(s): Physiotherapist

Participants received standard balance and gait rehabilitation exercises with sessions lasting 1-hour.
Duration of follow-up Post-intervention (Time from baseline not reported)
Sources of funding Not industry funded

Sample size N=11

- Virtual reality-based motor rehabilitation plus traditional physiotherapy: n=6

- Traditional physiotherapy: n=5

AR: augmented reality; N/n: number of participants; SD: standard deviation; VR: virtual reality

Outcomes
Study timepoints
o Baseline

e Post-intervention (Time from baseline not reported)

Virtual reality-based motor rehabilitation plus traditional physiotherapy versus traditional physiotherapy: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better
Gait and balance as measured by TBG - Polarity - Higher values are better

Gait as measured by 10MWT - Polarity - Lower values are better
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Balance as measured by BBS - Polarity - Higher values are better

Outcome Virtual reality-based motor rehabilitation plus traditional physiotherapy, Traditional physiotherapy, Post-intervention
Post-intervention vs Baseline, N = 6 vs Baseline, N=5

TUG -2.37 (2.36) -1.66 (3.46)

Mean

(SD)

TBG 0.84 (1.77) 1(1.67)

Mean

(SD)

10MWT  -2.69 (4.3) -2.14 (4.01)

Mean

(SD)

BBS 2.33 (4.28) 0.2 (4.33)

Mean

(SD)

AR: augmented reality; BBS: Berg balance scale; N/n: number of participants; SD: standard deviation, TBG: Tinetti balance and gait; TUG: timed up and go test; VR: virtual reality;
10MWT: 10 metre walk test

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the Risk of bias judgement for the Some concerns
randomisation process randomisation process (Randomisation was computer-generated using a basic random number
generator. No information on allocation concealment provided. Unable to
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Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of
the reported result

Overall bias and Directness
Overall bias and Directness
Overall bias and Directness

N/n: number of participants

Question

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported
result

Risk of bias judgement

Overall Directness

Risk of bias variation across
outcomes

Answer

determine potential imbalances between randomised participants at baseline as
characteristics are only presented for participants analysed rather than
randomised.)

Low

(Participants and those delivering the intervention/comparator were likely aware
of the allocations, however, there were no reasons to suggest deviations from
intended interventions due to the trial context. A modified intention-to-treat
analysis was likely used.)

High

(Outcome data was not available for 1 participant who dropped out of the trial
from the control arm (1/7, 17%) with no reason provided and therefore it is
unclear whether missingness on outcome depended on true value.)

Some concerns

(The authors report that the trial is single blinded but do not provide any further

details. Assessment of outcome could be influenced by knowledge of allocation,
but not likely as measures are standardised, validated and reproducible. Same

time points and measurement tools used.)

Some concerns
(No information on pre-specified analysis plan with authors stating that the trial
was not pre-registered as there were no safety concerns.)

High
Directly applicable

Not applicable
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Manzanares, 2021

Bibliographic Manzanares, Aaron; Camblor, Angel; Romero-Arenas, Salvador; Segado, Francisco; Gil-Arias, Alexander; Effect of a semi-
Reference immersive virtual reality navigation therapy on quality of life in persons with spinal cord injury.; Disability and rehabilitation.
Assistive technology; 2021; 1-6

Study details

Country/ies where Spain
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Spinal cord injury with medullary lesion below T1,

- Were beyond the early subacute phase,

- Could begin exercising.
Exclusion criteria Not reported

Patient N=11 adults with spinal cord injury
characteristics ) ) o o
- Virtual reality navigation therapy plus standard rehabilitation programme: n=6

- Standard rehabilitation programme: n=5

Age in years [Mean (SD)]:
- Virtual reality navigation therapy plus standard rehabilitation programme: 42.33 (10.72)
- Standard rehabilitation programme: 42.40 (16.68)
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Intervention(s)/control

Sex (M/F):
- Virtual reality navigation therapy plus standard rehabilitation programme: n=3/n=3

- Standard rehabilitation programme: n=4/n=1

Time since injury: Not reported

Chronic neurological disorder category: Acquired spinal cord injury

Intervention
Name: Virtual reality navigation therapy plus standard rehabilitation programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Exergaming and AR/VR

Delivery setting: Rehabilitation hospital

Number/frequency of sessions: 3x 40-minutes per week for intervention and 5x 2-hours per week for standard
rehabilitation

Duration: 6 weeks
Practitioner(s): Primary researcher with PhD in sport sciences and expert in sailing

Participants underwent semi-immersive virtual reality navigation therapy using an Interactive Rehabilitation Exercise
system for 30- to 40-minutes per session. Participants sat in a real adapted boat and manipulated controls that were
close to their hands as would be in a real boat. The VSail-Access simulation was projected on a screen ahead of them
where they saw the front of the boat, the sail, sea and any land ahead such that a sailing environment was simulated.
Weather conditions were controlled by the software. An initial familiarisation session was held with basic sailing
exercises. In each therapy sessions there were three different routes with learning processes and training components

Rehabilitation for chronic neurological disorders including acquired brain injury: evidence
review for stability, mobility and upper limb function FINAL (October 2025)

346



FINAL

Stability, mobility and upper limb function

Duration of follow-up
Sources of funding

Sample size

towards navigation. Feedback was standardised and a teaching protocol was followed. Wind intensity could vary to
increase intensity of the session (8 to 18 knots) which varied the heal and the intensity increased weekly.

Alongside the intervention, participants underwent rehabilitation as per hospital protocol (details in control group).
Control

Name: Standard rehabilitation programme

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Rehabilitation hospital

Number/frequency of sessions: 5x 2-hours per week

Duration: 6 weeks

Practitioner(s): Not reported

Standard rehabilitation based on hospital protocol which ran for 2-hours per day and included physiotherapeutic
exercise, strengthening and mobility work.

Post-intervention (7 weeks from baseline)
Not reported

N=11
- Virtual reality navigation therapy plus standard rehabilitation programme: n=6

- Standard rehabilitation programme: n=5

AR: augmented reality; N/n: number of participants; PhD: doctor of philosophy; SD: standard deviation; T: thoracic; VR: virtual reality

Outcomes
Study timepoints

o Baseline
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o Post-intervention (7 weeks from baseline)

Virtual reality navigation therapy plus standard rehabilitation programme versus standard rehabilitation programme: Gait and balance
Balance as measured by MFRT - Polarity - Higher values are better

Outcome Virtual reality navigation therapy plus standard rehabilitation Standard rehabilitation programme, Post-
programme, Post-intervention vs Baseline, N = 6 intervention vs Baseline, N=5

MFRT 4.05 (10.62) 1.5(11.88)

Mean (SD)

AR: augmented reality; MFRT: modified functional reach test; N/n: number of participants; SD: standard deviation; VR: virtual reality

Virtual reality navigation therapy plus standard rehabilitation programme versus standard rehabilitation programme: Functioning
Functioning as measured by SCIM3 - Polarity - Higher values are better

Outcome Virtual reality navigation therapy plus standard rehabilitation programme, Standard rehabilitation programme, Post-
Post-intervention vs Baseline, N = 6 intervention vs Baseline, N=5

SCIM3  2.33(6.79) -0.6 (3.33)

Mean
(SD)

AR: augmented reality; N/n: number of participants; SCIM3: spinal cord independence measure 3rd revision; SD: standard deviation; VR: virtual reality

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness

Overall bias and Directness

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations
from the intended
interventions (effect of
assignment to intervention)

Risk-of-bias judgement for

missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement

Overall Directness

Answer

Some concerns

(Purposive sampling with randomisation performed via website generator with
no further information provided on allocation concealment. Any group
differences (such as differences in gender ratios) at baseline were likely due to
change due to low numbers.)

Low

(Participants and personnel were aware of the allocations, however, there
were no apparent deviations from intended interventions due to the trial
context and likely intention-to-treat analysis used.)

High
(The study provides no information about follow-up numbers nor outcome data
completeness.)

High

(Outcome assessors were not reported to be blinded to allocation. Spinal Cord
Independence Measure 3rd revision assessment (high): it is likely that
assessment outcome could be influenced by knowledge of allocation as is a
participant-reported measure by unblinded participants. Modified functional
reach test (some concerns): Assessment of outcome could be influenced by
knowledge of allocation as assessors unblinded, but not likely as measures are
standardised, validated and reproducible. Same time points and measurement
tools used.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High

Directly applicable
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Section Question Answer
Overall bias and Directness Risk of bias variation across  Not applicable
outcomes

Maranesi, 2022

Bibliographic Maranesi, Elvira; Casoni, Elisa; Baldoni, Renato; Barboni, llaria; Rinaldi, Nadia; Tramontana, Barbara; Amabili, Giulio;

Reference Benadduci, Marco; Barbarossa, Federico; Luzi, Riccardo; Di Donna, Valentina; Scendoni, Pietro; Pelliccioni, Giuseppe;
Lattanzio, Fabrizia; Riccardi, Giovanni Renato; Bevilacqua, Roberta; The Effect of Non-Immersive Virtual Reality Exergames
versus Traditional Physiotherapy in Parkinson's Disease Older Patients: Preliminary Results from a Randomized-Controlled
Trial.; International journal of environmental research and public health; 2022; vol. 19 (no. 22)

Study details

Country/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates Not reported
Inclusion criteria - Age above 65 years,

- Could give informed consent,

- Hoen and Yahr scale between 1 and 3,

- Functional ambulation category of 2 or higher,
- Ranking scale score 3 or below,

- Consistent medication for minimum of 1 month,
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- Did not have depression as defined by geriatric depression scale 5-items,

- Mini-mental state examination of 24 or above.

Exclusion criteria Not described in study, protocol described the following:
- Enrolled in other studies,
- Clinical dementia rating score of 3 or above,
- Prior syncopal episodes, epilepsy and vertigo not controlled by medication,
- Major autonomic system challenges,
- Severe behavioural syndromes which were not treated with medication,
- Other neurological diseases,
- Severe systemic diseases with life expectancy less than 12 months,

- Participants could not follow-up.

Patient N=32 adults with Parkinson’s disease
characteristics . . . . . et e
- Non-immersive virtual reality exergame and traditional rehabilitation programme: n=16

- Traditional rehabilitation programme

Age in years [Mean (SD)]:
- Non-immersive virtual reality exergame and traditional rehabilitation programme: 72.7 (6.3)

- Traditional rehabilitation programme: 75.5 (5.4)

Sex (M/F):
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Intervention(s)/control

- Non-immersive virtual reality exergame and traditional rehabilitation programme: n=6/n=10

- Traditional rehabilitation programme: n=9/n=5

Time since diagnosis: Not reported

Chronic neurological disorder category: Progressive neurological diseases

Note: Baseline characteristics were only reported for participants analysed (n=16 for non-immersive virtual reality
exergame and traditional rehabilitation programme and n=14 for traditional rehabilitation programme).

Intervention
Name: Non-immersive virtual reality exergame and traditional rehabilitation programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together,
exergaming and AR/VR

Delivery setting: Outpatient rehabilitation unit

Number/frequency of sessions: 2x 50-minute sessions per week, totalling 10 sessions
Duration: 5 weeks

Practitioner(s): Physiotherapist

Each session consisted of 30-minutes of traditional rehabilitation therapy (as described in the control arm) and 20-
minutes of virtual reality exergaming using the Tymo system. Tymo was non-immersive and tailored to the individual
based on ability. The participant stood on a platform in front of a screen and they controlled actions on the screen via
their body movements. Physiotherapists decided whether games would be performed using one-dimension (antero-
posterior or latero-lateral) or two-dimension (combining antero-posterior and latero-lateral) movements. Games involved
movement to avoid obstacles, controlling the center of gravity in the game by body movement to collect a falling object,
moving a ball on a plane with obstacles in order to reach a single point with the participant needing to move in all
directions to control the ball on the plane. Some games involved a cognitive element.
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Control

Name: Traditional rehabilitation programme

Protocol description: Control (standard rehabilitation care alone)

Delivery setting: Outpatient rehabilitation unit

Number/frequency of sessions: 2x 50-minute sessions per week, totalling 10 sessions
Duration: 5 weeks

Practitioner(s): Physiotherapist

Traditional rehabilitation session running for 50-minutes. This included breathing and relaxation, task-oriented exercises,
walking with cues, stretching, static and dynamic balance training, flexibility exercises, unilateral and contralateral
coordination exercises carried out both in bed as well as standing and using all limbs.

Duration of follow-up Post-intervention (5 weeks from baseline)
Sources of funding Not industry funded

Sample size N=32
- Non-immersive virtual reality exergame and traditional rehabilitation programme: n=16

- Traditional rehabilitation programme: n=16
AR: augmented reality; N/n: number of participants; SD: standard deviation; VR: virtual reality

Outcomes
Study timepoints
e Baseline

o Post-intervention (5 weeks from baseline)
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Non-immersive virtual reality exergame and traditional rehabilitation programme versus traditional rehabilitation programme: Gait and
balance

Gait and balance as measured by TBG - Polarity - Higher values are better

Outcome Non-immersive virtual reality exergame and traditional rehabilitation Traditional rehabilitation programme, Post-
programme, Post-intervention vs Baseline, N = 16 intervention vs Baseline, N = 14

TBG 1.3 (1.6) 1.1 (1.06)

Mean

(SD)

AR: augmented reality; N/n: number of participants; SD: standard deviation; TBG: Tinetti balance and gait; VR: virtual reality

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Some concerns

randomisation process randomisation process (Single sequence randomisation performed by computer which generated a list
of random numbers. The participant was assigned a number based on their
order of inclusion in the study. No details on allocation concealment. It is
mentioned that a different researcher performed randomisation to that who
performed data analysis. Unable to determine potential imbalances between
randomised participants at baseline as characteristics are only presented for
participants analysed rather than randomised.)

Domain 2a: Risk of bias due to  Risk of bias for deviations Some concerns

deviations from the intended from the intended (Participants and personnel were aware of allocated interventions. There is no
interventions (effect of interventions (effect of information on whether there were any deviations from the intended
assignment to intervention) assignment to intervention) interventions. A modified intention-to-treat analysis was likely used.)

Domain 3. Bias due to missing Risk-of-bias judgement for High

outcome data missing outcome data (Missing outcome data for 2/16 (13%) of participants in the control arm with
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Section

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Nilsagard, 2013

Question

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result
Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

reasons of loss to follow-up not reported and therefore unclear whether
missingness in the outcome depended on true value.)

Low

(Method of outcome assessment was standard and appropriate and outcome
assessors were blinded to allocation.)

Low

(Pre-specified analysis plan through clinicaltrials.gov protocol; all relevant
scales, time points and analysis results reported.)

High

Directly applicable

Not applicable

Bibliographic Nilsagard, Ylva E; Forsberg, Anette S; von Koch, Lena; Balance exercise for persons with multiple sclerosis using Wii
Reference games: a randomised, controlled multi-centre study.; Multiple sclerosis (Houndmills, Basingstoke, England); 2013; vol. 19
(no. 2); 209-16

Study details

Country/ies where Sweden
study was carried out

Study type Randomised controlled trial (RCT)
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Study dates September 2010 - July 2011

Inclusion criteria - Reported, subjectively perceived impaired balance function in standing or walking activities,

- Ability to walk 100 metres without resting,

Exclusion criteria - Cognitive or linguistic problems with understanding instructions or filling in self-administered outcome measures,
- Ongoing exacerbation of multiple sclerosis,
- Other disease interfering with either intervention or testing procedures,

- Weight lower than 140 kilograms (due to manufacturer restrictions).

Patient N=44 adults with multiple sclerosis
characteristics ) ] .
- Exergame-based balance exercises (Nintendo Wii): n=42

- Waitlist control: n=42

Age in years [Mean (SD)]:
- Exergame-based balance exercises (Nintendo Wii): 50.0 (11.5)

- Waitlist control: 49.4 (11.1)

Sex (M/F):
- Exergame-based balance exercises (Nintendo Wii): n=10/n=32

- Waitlist control: n=10/n=32

Time since diagnosis in years [Mean (SD)]:
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- Exergame-based balance exercises (Nintendo Wii): 12.5 (8.0)

- Waitlist control: 12.2 (9.2)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Exergame-based balance exercises (Nintendo Wii)
Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises
Delivery setting: Individual sessions (setting not reported)
Number/frequency of sessions: 2x 30-minute sessions per week, totalling 12 sessions
Duration: 6-7 weeks
Practitioner(s): Physiotherapist.

Supervised sessions of balance exercise using Nintendo Wii Fit Plus® with Wii Balance Board®. The exercises in the
programme were controlled using centre of balance on the board.

Participants started sessions with easier exercises and were encouraged by physiotherapists to progress to more difficult
exercises where possible or after 'completing' a level.

Participants were not allowed to receive physiotherapy targeting imbalance prior to or during the study, but no other
restrictions in activity were made.

Control

Name: Waitlist control.

Protocol description: Control (waitlist)
Delivery setting: Not applicable

Number/frequency of sessions: Not applicable
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Practitioner(s): Not applicable

No further details reported.
Duration of follow-up Post-intervention (6-7 weeks from baseline)
Sources of funding Not industry funded

Sample size N=44
- Exergame-based balance exercises (Nintendo Wii): n=42

- Waitlist control: n=42
N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (6-7 weeks from baseline)

Exergame-based balance exercises (Nintendo Wii) versus waitlist control: Gait and balance
Gait and balance as measured by TUG - Polarity - Lower values are better

Gait and balance as measured by DGI - Polarity - Higher values are better

Gait and balance as measured by FSST - Polarity - Lower values are better

Gait as measured by T25FWT - Polarity - Higher values are better

Gait as measured by MSWS-12 - Polarity - Lower values are better
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Outcome Exergame-based balance exercises (Nintendo Wii), Post-intervention vs Waitlist control, Post-intervention vs Baseline,
Baseline, N = 41 N =39

TUG -0.8 (2.4) 0.1 (2.1)

Mean
(SD)

DGI 1.78 (2.3) 1(2)

Mean
(SD)

FSST 1.6 (2.1) -2 (6.6)

Mean
(SD)

T25FWT  -0.3 (1.1) 0 (1.4)

Mean
(SD)

MSWS-12 -5.9 (11.5) -3.95 (18.1)

Mean

(SD)

DGI: dynamic gait index scoring form; FSST: four-square step test; ft/s: feet per second; MSWS-12: multiple sclerosis walking scale-12; N/n: number of participants; SD: standard
deviation; TUG: timed up and go test; T25FWT: timed 25 foot walk test

Exergame-based balance exercises (Nintendo Wii) versus waitlist control: Exercise capacity

Gait and balance as measured by 10XSST - Polarity - Lower values are better
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Outcome Exergame-based balance exercises (Nintendo Wii), Post-intervention vs Waitlist control, Post-intervention vs Baseline,

Baseline, N = 41

10XSST  -3.2 (7.9)

Mean
(SD)

N =39

2.2 (6.7)

N/n: number of participants; SD: standard deviation; 10XSST: 10-repetition sit-to-stand test

Critical appraisal — Cochrane RoB 2

Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations from
the intended interventions

interventions (effect of assignment (effect of assignment to

to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Answer

Low

(Adequate randomisation and concealment methods reported (computer
generated/sealed envelopes) and the groups appear similar at baseline
(although significance testing is not reported).)

High

(The authors report that a number of participants in the control group (no
exercise) expressed disappointment regarding being assigned to this group,
and that this group "... reported twice the frequency of unsupervised exercise
during the study period compared with the balance exercise group.” page
214)

High
(No information regarding the extent of missing data or methods to control for
this.)

Low
(Measurement of outcomes was appropriate and unlikely to have differed by
group, and outcome assessors were blinded to group allocation.)
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Section Question Answer
Domain 5. Bias in selection of the Risk-of-bias judgement for Some concerns
reported result selection of the reported result (No information on protocol or pre-specified analysis plan.)
Overall bias and Directness Risk of bias judgement High
Overall bias and Directness Overall Directness Directly applicable
Overall bias and Directness Risk of bias variation across = Not applicable
outcomes

Novotna, 2019
Bibliographic Novotna, K.; Janatova, M.; Hana, K.; Svestkova, O.; Preiningerova Lizrova, J.; Kubala Havrdova, E.; Biofeedback Based

Reference Home Balance Training can Improve Balance but Not Gait in People with Multiple Sclerosis; Multiple Sclerosis International,
2019; vol. 2019; 2854130

Study details

Country/ies where Czech Republic
study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2016 - May 2017
Inclusion criteria - Multiple sclerosis defined according to McDonald criteria,

- Reported subjective perceived imbalance or history of falls (in the last year),

- Clinically stable, without relapse or deterioration in the previous three months,
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- Aged 18-60 years,
- Ability to walk with or without a walking aid for at least 5 metres (Expanded Disability Status Scale 1 to 7),
- Ability to maintain a standing position for at least 10-minutes,

- Able to perform exercise (assessed by physiotherapist).

Exclusion criteria - Inpatient rehabilitation programme during previous 3 months,
- Orthopaedic problems or other conditions affecting balance and gait performance,
- Blurred vision,
- Severe cognitive impairment or psychiatric disorders,
- Pregnancy,
- Weight over 150 kg (to be able to use the exercise platform),
- Currently receiving physiotherapy targeting balance problems,

- Changes in lifestyle prior to or during the study.

Patient N=39 adults with multiple sclerosis
characteristics ) .
- Tailored home-based balance exercise: n=23

- Waitlist control: n=16

Age in years [Mean (SD)]:
- Tailored balance exercise programme: 39.39 (9.68)

- Waitlist control: 42.56 (10.63)
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Intervention(s)/control

Sex (M/F):
- Tailored balance exercise programme: n=6/n=17

- Waitlist control: n=4/n=12

Time since diagnosis in years [Mean (SD)]:
- Tailored balance exercise programme: 14.95 (8.59)

- Waitlist control: 14.5 (9.88)

Chronic neurological disorder category: Progressive neurological diseases

Intervention

Name: Tailored balance exercise programme

Protocol intervention group: Rehabilitation interventions to address stability — Balance exercises.
Delivery setting: Community (participant's home).

Number/frequency of sessions: Participants instructed to complete at least 15-minutes training every day (total estimated
to be 7 hours).

Duration: 4 weeks
Practitioner(s): Initially supervised by a physiotherapist however the majority of the programme is participant led.

Interactive home-based balance exercise training (Homebalance) with audio and visual feedback. The programme
consists of two therapeutic games, one focusing on positioning and directional control, and a second focusing on stability
(in combination with cognitive training (remembering sequences)

During the first session, a physiotherapist instructed participants how to perform the exercises whilst maintaining the
correct upright position. The programme was tailored to the participants balance impairment and needs.
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Control

Name: Waitlist control

Protocol description: Control (waitlist)
Delivery setting: Not applicable
Number/frequency of sessions: Not applicable
Practitioner(s): Not applicable

No further details reported.
Duration of follow-up Post-intervention (4 weeks from baseline)
Sources of funding Not industry funded

Sample size N=39
- Tailored balance exercise programme: n=23

- Waitlist control: n=16
kg: kilograms; N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline

e Post-intervention (4 weeks from baseline)

Tailored balance exercise programme versus waitlist control: Gait and balance

Gait and balance as measured by Mini-BESTest - Polarity - Higher values are better
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Gait and balance as measured by TUG - Polarity - Lower values are better
Gait as measured by MSWS-12 - Polarity - Lower values are better

Balance as measured by BBS - Polarity - Higher values are better

Outcome Tailored balance exercise programme, Post-intervention vs Baseline, Waitlist control, Post-intervention vs Baseline, N
N=23 =16

Mini- 1.13 (4.23) 0.81(3.42)

BESTest

Mean (SD)

TUG -0.62 (7.72) -0.45 (3.89)

Mean (SD)

MSWS-12 -1.61 (11.79) 3.44 (10.58)

Mean (SD)

BBS 1.87 (6.45) 0.69 (4.1)

Mean (SD)

BBS: Berg balance scale; MiniBESTest: mini balance evaluation systems test; MSWS-12: multiple sclerosis walking scale-12; N/n: number of participants; SD: standard deviation;
TUG: Timed up and go

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the  Risk of bias judgement for the Some concerns
randomisation process randomisation process (No details on randomisation or concealment methods are reported, and
although the groups appear similar at baseline, no details or values from
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Section

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of
assignment to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement
of the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Question

Risk of bias for deviations from
the intended interventions
(effect of assignment to
intervention)

Risk-of-bias judgement for

missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

significance testing are reported (it is only reported narratively that there were
no significant differences in balance and gait parameters).)

Some concerns

(No information regarding possible deviations (although it is unlikely that any
arose due to the experimental context), and no information regarding analysis
approach.)

High
(No information regarding extent of missing data or methods used to control
for this.)

High

(All measures validated and commonly used tools. MSWS-12 (high): Likely
that assessment outcome could be influenced by knowledge of allocation as is
a self-reported measure by unblinded participants and control is not an active
intervention. BBS, TUG, mini BESTest (some concerns): Outcome assessors
were not blinded to allocation. Assessment of outcome could be influenced by
knowledge of allocation as assessors unblinded, but not likely as measures
are standardised, validated and reproducible. Same time points and
measurement tools used.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

High
Directly applicable

Not applicable
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Palamara, 2017

Bibliographic Palamara, Grazia; Gotti, Francesco; Maestri, Roberto; Bera, Rossana; Gargantini, Roberto; Bossio, Fabiola; Zivi, llaria; Volpe,

Reference Daniele; Ferrazzoli, Davide; Frazzitta, Giuseppe; Land Plus Aquatic Therapy Versus Land-Based Rehabilitation Alone for the
Treatment of Balance Dysfunction in Parkinson Disease: A Randomized Controlled Study With 6-Month Follow-Up.; Archives
of physical medicine and rehabilitation; 2017; vol. 98 (no. 6); 1077-1085

Study details

Countryl/ies where Italy
study was carried out

Study type Randomised controlled trial (RCT)
Study dates September 2014 - December 2014
Inclusion criteria - Parkinson’s disease diangosis,

- Hoehn and Yahr stage 2.5 to 3,
- Consistent medication for eight weeks prior to enrolment and during hospitalisation,

- Mini-Mental State Examination score of 24 or above.

Exclusion criteria - Cardiac and pulmonary diseases,
- Urinary incontinence,

- Deep brain stimulation treatment.

Patient N=34 adults with Parkinson’s disease

characteristics _ L . _ o
- Aquatic therapy plus multidisciplinary intensive rehabilitation treatment: n=17

- Multidisciplinary intensive rehabilitation treatment: n=17
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Age in years [Mean (SD)]:
- Aquatic therapy plus multidisciplinary intensive rehabilitation treatment: 70.9 (5.7)

- Multidisciplinary intensive rehabilitation treatment: 70.8 (5.3)

Sex (M/F):
- Aquatic therapy plus multidisciplinary intensive rehabilitation treatment: n=9/n=8

- Multidisciplinary intensive rehabilitation treatment: n=11/n=6

Time since diagnosis in months [Mean (SD)]: Not reported, number of days in hospital at baseline [Mean (SD)]:
- Aquatic therapy plus multidisciplinary intensive rehabilitation treatment: 35.9 (7.3)

- Multidisciplinary intensive rehabilitation treatment: 34.5 (3.3)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Aquatic therapy plus multidisciplinary intensive rehabilitation treatment

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Hydrotherapy

Delivery setting: Inpatient, neurorehabilitation ward of general hospital

Number/frequency of sessions: 3x 60-minutes (maximum) per week of aquatic therapy on alternate days + 3-4x 60-
minute daily sessions of physical therapy for 5 days and 60-minutes of physical exercise on day 6

Duration: 4 weeks
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Practitioner(s): Physiotherapist specialised in aquatic therapy and multidisciplinary team (physical therapist, occupational
therapist, speech therapist, neuropsychologist)

Aquatic therapy programme in addition to multidisciplinary intensive rehabilitation treatment as described in the control
group below. The aquatic therapy programme involved aerobic exercises and physical activities to assist with balance,
motor skills, coordination and joint mobility which ran for up to 1-hour. Sessions consisted of 10-minutes of warm up
exercises, 30- to 45-minutes of central session training (trunk mobility exercises, static and dynamic exercises, both
involving floating devices, and balance training) and 5-minutes of cooldown. The "shaping" principle was used to
increase the challenge of the exercise programme every week. On the days where the aquatic therapy training occurred,
the first session of multidisciplinary intensive rehabilitation treatment was not administered such that time and dose were
equal in both groups.

Control

Name: Multidisciplinary intensive rehabilitation treatment

Protocol descrption: Control (standard rehabilitation care alone)
Delivery setting: Inpatient, neurorehabilitation ward general hospital

Number/frequency of sessions: 4x 60-minute daily sessions of physical therapy for 5 days and 60-minutes of physical
exercise on day 6

Duration: 4 weeks
Practitioner(s): Multidisciplinary team (physical therapist, occupational therapist, speech therapist, neuropsychologist)

Multidisciplinary intensive rehabilitation treatment was tailored towards inpatients with Parkinson’s disease whereby
sessions were 1-hour in length and land based. Individual initial session with physical therapist involved cardiovascular
warmup, relaxation, muscle-stretching exercises and exercises for abdominal muscles and posture. The next sessions
involved aerobic exercise (70 to 80% intensity of heart rate reserve plus resting rate) aimed to assist balance and gait.
This involved using a stabilometric platform with visual cues, treadmill plus (with visual and auditory cues), a form of
cross-trainer and cycloergometer. The third session was aimed towards occupational therapy and the fourth was speech
therapy. On the sixth day, participants underwent training only with devices (not specified) for 1-hour. The programme
was tailored to the individual and sometimes involved robotic-assisted walking training where there was complexity in
gait disorders such as freezing and could also involve virtual reality training and meeting with neuropsychologist.

Duration of follow-up 6 months follow-up (7 months from baseline)
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Sources of funding Not reported

Sample size N=34
- Aquatic therapy plus multidisciplinary intensive rehabilitation treatment: n=17

- Multidisciplinary intensive rehabilitation treatment: n=17

Other information As part of the multi-disciplinary intensive rehabilitation treatment received by both groups (inpatients with Parkinson’s
disease), the programme was tailored to the individual and sometimes involved robotic-assisted walking training where
there was complexity in gait disorders such as freezing and could also involve virtual reality training and meeting with
neuropsychologist.

N/n: number of participants; SD: standard deviation

Outcomes
Study timepoints
o Baseline
e Post-intervention (4 weeks from baseline)

e 6 months follow-up (7 months from baseline)

Aquatic therapy plus multidisciplinary intensive rehabilitation treatment versus multidisciplinary intensive rehabilitation treatment: Gait
and balance

Gait and balance as measured by TUG - Polarity - Lower values are better

Balance as measured by BBS - Polarity - Higher values are better
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Outcome Aquatic therapy plus
multidisciplinary intensive
rehabilitation treatment, Post-
intervention vs Baseline, N = 17

Aquatic therapy plus
multidisciplinary intensive
rehabilitation treatment, 6
months follow-up vs Baseline, N

=17
TUG -3.4 (3.05) -1.4 (3.01)
Mean
(SD)
BBS 7.8 (4.79) 5.4 (5.11)
Mean
(SD)

Multidisciplinary intensive
rehabilitation treatment,
Post-intervention vs
Baseline, N = 17

2.4 (2.51)

7.3 (2.92)

BBS: Berg balance scale; N/n: number of participants; SD: standard deviation;, TUG: timed up and go test

Multidisciplinary intensive
rehabilitation treatment, 6
months follow-up vs
Baseline, N = 17

0.8 (3.06)

1.4 (3.11)

Aquatic therapy plus multidisciplinary intensive rehabilitation treatment versus multidisciplinary intensive rehabilitation treatment:

Limb/joint/muscle function

Motor functioning as measured per UPDRS Il - Polarity - Lower values are better

Outcome Aquatic therapy plus multidisciplinary = Aquatic therapy plus Multidisciplinary
intensive rehabilitation treatment, Post- multidisciplinary intensive intensive rehabilitation
intervention vs Baseline, N = 17 rehabilitation treatment, 6 treatment, Post-

months follow-up vs

Baseline, N = 17 N =17
UPDRS Il -6 (3.6) -0.3 (4) -7 (5.02)
Mean (SD)

Multidisciplinary
intensive rehabilitation
treatment, 6 months

intervention vs Baseline, follow-up vs Baseline, N

N/n: number of participants; SD: standard deviation; UPDRS llI: unified Parkinson’s disease rating scale part 3

Critical appraisal — Cochrane RoB 2
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Section

Domain 1: Bias arising from the
randomisation process

Domain 2a: Risk of bias due to
deviations from the intended
interventions (effect of assignment
to intervention)

Domain 3. Bias due to missing
outcome data

Domain 4. Bias in measurement of
the outcome

Domain 5. Bias in selection of the
reported result

Overall bias and Directness
Overall bias and Directness

Overall bias and Directness

Paul, 2019

Question

Risk of bias judgement for the
randomisation process

Risk of bias for deviations from
the intended interventions
(effect of assignment to
intervention)

Risk-of-bias judgement for
missing outcome data

Risk-of-bias judgement for
measurement of the outcome

Risk-of-bias judgement for
selection of the reported result

Risk of bias judgement
Overall Directness

Risk of bias variation across
outcomes

Answer

Low

(Randomisation with computer generated list of random numbers and
allocation was concealed until assignment with investigators and
assessors blind to allocation. No statistically significant differences
between characteristics of both groups at baseline.)

Low

(Participants and practitioners were aware of the interventions and no
deviations arising from the experimental context were apparent. Intention-
to-treat analysis was likely used.)

Low
(Outcome data were available for all participants randomised.)

Some concerns

(Outcome assessors were not blinded to allocation. Assessment of
outcome could be influenced by knowledge of allocation as assessors
unblinded, but not likely as measures are standardised, validated and
reproducible. Same time points and measurement tools used.)

Some concerns
(No information on protocol or pre-specified analysis plan.)

Some concerns
Directly applicable

Not applicable
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Bibliographic Paul, Lorna; Renfrew, Linda; Freeman, Jennifer; Murray, Heather; Weller, Belinda; Mattison, Paul; McConnachie, Alex;
Reference Heggie, Robert; Wu, Olivia; Coulter, Elaine H; Web-based physiotherapy for people affected by multiple sclerosis: a single
blind, randomized controlled feasibility study.; Clinical rehabilitation; 2019; vol. 33 (no. 3); 473-484

Study details

Country/ies where
study was carried out

Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient
characteristics

UK

Randomised controlled trial (RCT)
June 2015 - May 2016

- Confirmed diagnosis of multiple sclerosis,
- Expanded Disability Disease Steps of 4.0-6.5,

- Access to a personal computer/tablet with an email address and internet connection.

- Currently taking part in regular exercise (= two times/week) and/or regular physiotherapy programme,
- Poor cognitive function (Mini-Mental State Examination Score <24),

- Any significant change in medication or a relapse within the previous 3 months,

- Other significant co-morbidities for which exercise would be contra-indicated,

- Currently participating in another clinical trial.

N=90 adults with multiple sclerosis
- Web-based individualised physiotherapy programme: n=45

- Physiotherapy exercise information sheet: n=45
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Age in years [Mean (SD)]:
- Web-based individualised physiotherapy programme: 55.6 (10.2)

- Physiotherapy exercise information sheet: 56.5 (9.1)

Sex (M/F):
- Web-based individualised physiotherapy programme: n=13/n=32

- Physiotherapy exercise information sheet: n=8/n=37

Time since diagnosis in years [Mean (SD) not reported] [Median (IQR)]:
- Web-based individualised physiotherapy programme: 10 (6 to 18)

- Physiotherapy exercise information sheet: 15 (10 to 23)

Chronic neurological disorder category: Progressive neurological diseases

Intervention(s)/control Intervention
Name: Web-based individualised physiotherapy programme

Protocol intervention group: Rehabilitation interventions to address limb functioning, stability and mobility together —
Individualised (tailored) exercise programmes

Delivery setting: Multiple sclerosis outpatient centres
Number/frequency of sessions: Tailored according to exercise diaries every 2 weeks
Duration: 6 months

Practitioner(s): Physiotherapist
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Participants received a personalised exercise programme via www.webbasedphysio.com. These programmes included
cardiovascular, strengthening, and balance exercises, along with warm-up, cool-down, and stretching exercises at
varying difficulty levels, tailored to each participant's needs. The website provided exercises through videos, text, and
audio descriptions, along with disease-specific advice and education. During the intervention, a physiotherapist reviewed
electronic exercise diaries every two weeks and remotely adjusted the programmes based on participant feedback,
which could involve modifying exercises, difficulty levels, or repetitions/sets. Participants were notified of any changes by
email.

Control

Name: Physiotherapy exercise information sheet

Protocol description: Control (standard rehabilitation care alone)
Delivery setting: Multiple Sclerosis outpatient centres
Number/frequency of sessions: Not applicable

Duration: Not applicable

Practitioner(s): Not applicable

Participants were provided with a printed exercise sheet from www.physiotherapyexercises.com. The programmes
included exercises similar to those in the intervention group. Participants f