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Rehabilitation techniques of sensorimotor complications post stroke fall loosely into one of
categories; the compensatory approach or the restorative approach. While some overlap exis
underlying philosophies of care are what set them apdie goal of the compensatory approa
towards treatment is not necessarily on improving motor recovery or reducing impairments but r
on teaching patients a new skill, even if it only involves pragmatically using thénvmmed side
(Gresham et al. 995) The restorative approach focuses on traditional physical therapy exercise
neuromuscular facilitation, which involves sensorimotor stimulation, exercises and resistance tri
designed to enhance motor recovery and maximize brain recovenhefneurological impairmen
(Gresham et al. 1993) this review, rehabilitation of mobility and lower extremity complications
assessed. An overview of literature pertaining to the compensatory approach and the restc
approach is provided. Treatmetdrgets discussed include balance retraining, gait retraining, stre
training, cardiovascular conditioning and treatment of contractures in the lower extrem
Technologies used to aid rehabilitation include assistive devices, electrical stimu&tbaplints.
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The restorative (Bobath) approads as beneficial as thilotor Learning approacht improving
motor recovery

Early intensive therapy may improve gait, general motor function and independent danitti
individuals with stroke within the first 3 months but not after 6 months.

Trunkspecific balance training and balarfeEused exercise programs may improve balance post
stroke.

Whole body and local vibration, thermal stimulation, balaficeused execises, and interventions
involving feedback may not improve balance outcomes.

It is unclear whether taskpecific balance training programs, and virtual reality training improve on
balance, gait, and functional recovery post stroke.

Exercisebased falls gevention programs may not reduce the rate of falls pstsoke.

Lower extremity exercises involving resistive and strength training may improve lower limb
mobility, gait and cadence however, their effect on balanamidear

Treadmill training without bdy weight support may improve lower limb impairments pertaining to
gait velocity and function but not balance.

Bodyweight supported treadmill training may not be superior to conventional therapy at
improving gait, motor function, or balance.

Virtual reality may improve gait and balance when combined with treadmill training. When
delivered alone, it may only improve balance.

Auditory feedback may improve gait and muscle activity.

The evidence for the effectiveness of EM®Bfeedback is conflicting aninited. Further research
is required.

More research is needed to determine the effectiveness of bilateral leg training on lower limb
motor function.

Mental practice or motor imagery may improve gait and balance outcomessgbagte.

Hippotherapy may noimprove gait outcomes. More research is needed to determine the effect of
hippotherapy on balance.

Rhythmic auditory stimulation training may improve gait and balance outcomesspragie.

Mirror therapy in combinatin with rTMS improves balanceowever, when delivered alone,
mirror therapy does not providadditionalbenefits to gait and lower limb motor function relative
to conventional therapy.

Selfmanagement programs may not improve gait or balance post strok

Caregiver mediated programs may improve gait and balance outcomessipoke; however
additional research is need.
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Strength training may not improve gait speed or lower limb strength, while progressive resistance
training may help with lower limb streyth.

Cardiovascular training in the form of fitness and mobility programs, aquatic therapy, and
community/outpatient exercise programs as well as supervised programs may improve gait.
Further research is required to identify the effectiveness of cyclimgnams, and homdased
exercise programs on mobility and balance.

Additional research is required to investigate the impact of wheelchairs for improving mobilization
post stroke.

Quad canes and walkers improve gait and balance more than when using-goimecane or
when no cane is provided.

Ankle foot orthoses (AFOs) may improve gait and range of motion; however not when combined
with posterior tibial nerve denervation. More research is needed to determine if AFOs are
beneficial for improving balance.

The Gait trainer may improve gait but only when used in the acute phase of stroke. The Lokomat
may not be beneficial at improving gait or balance in the acute phase of stroke recovery; however,
more research is needed to determine if patients in the chrami subacute phase can benefit
from using this device.

Transcutaneous electrical nerve stimulation may improve gait, spasticity, balance, muscle strength,
and ankle dorsiflexion range of motion.

Functional electrical stimulation, peroneal never stimulatiand interferential current stimulation
may improve gait; however, neuromuscular electrical stimulation was not found to have the same
beneficial effect.

Repetitive peripheral magnetic stimulation may improve foot muscle strength and ankle range of
motion.

Amphetamines may not improve lower limb functional impairments.
Methylphenidate may improve motor recovery; however, the evidence is currently limited.
More research is needed to determine the effectiveness-DOPS on lower limb motor function.

More research is needed to determine the effect of Levodopa on lower limb improvement
following stroke.

More research is needed to determine the effectiveness of Ropinirole in lower limb motor
recovery.

More studies are needed to investigate the effectivenes<italopram at improving lower limb
motor function.

Fluoxetine may improve motor recovery following stroke; however, further research is necessary.

Almitrine in combination with Raubasine may improve functional outcomes following stroke;
however more reearch is needed.

Piracetam may improve motor function but not ADL performance and neurological status following
stroke.

Splints and tilt tables are both effective in the prevention of ankle contracture
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1 Treatment with botulinum toxin improves lowdimb spasticity, but may not improve functional
outcomes.

1 Neurolysis in the lower limb may reduce spasticity, ankle clonus, and improve Achilles tendon
flexion. More research is needed to determine whether phenol or alcohol injections improve
spasticity.

1 Oral gharmacological agents may be effectively used in the management of spasticity, although
some may be associated with side effects.

Further research is required to determine the efficacy of ITB for reducingspadte spasticity.

Transcutaneous electricatimulation and functional electrical stimulation may improve spasticity
outcomes poststroke.

1  Evidence is inconclusive for the effect of rehabilitation programs, ankle exercises, robotic training
and other physical therapies on spasticity pstbke.

1 Repetitive transcranial magnetic stimulation at high and low frequencies may be effective in
improving balance, gait, and ADL performance.

Transcranial direct current stimulation treatment may not improve gait or balance outcomes.

Galvanic vestibular stimuian may not improve pusher behavior or labgulsion; however,
further research is necessary.

1 Acupuncture may not improve lower extremity motor function or ADLSs.
Acupressure may improve functional recovery.

Traditional Chinese medicine may not improve éowmb function compared to placebo.

Dr. Robert Teasell
Parkwood Institute, 550 Wellington Road, London, Ontario, Canada, N6C 0A7
t K2YSY pwmpdc ywpwiebrarcom 9 YRSV Teasell@sjhc.london.on.ca
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9.1 Approaches to Therapy

There are two basic approaches to rehabilitating sensorimotor disorders in spastic hemiplegia or
hemiparesis with or without sensory or perceptual disorders. These two approaches are: (1) the
compensatory or (2) the restorative amach also referred to the remediation approach. Although not
exclusive of each other, they do reflect differing philosophies.

9.1.1 The Compensatory Approach

The goal of the compensatory approach towards treatment is not necessarily on improving motor
recovery or reducing impairments but rather on teaching patients a new skill, even if it only involves
pragmatically using the neimvolved side(Gresham et al. 1995)The aimis to teach an adaptive
approach, onenanded if necessary, with a focus on imprayiactivities of daily living. Furthermore,
Gresham et al(1995)noted that there is a paucity of evidence indicating whatlseich an approach is
effective There is anecdotal evidence that the compensatory approach may suppress neurological
recovery(Bokath 1978) a concept supported by evidence that the foregse approach can enhance
motor control in selected patientfraub et al. 1993; Wolf et al. 1989)

9.1.2 The Restorative Approach

The restorative approach focuses on traditional physical theraggroises and neuromuscular
facilitation, which involves sensorimotor stimulation, exercises and resistance training, designed to
enhance motor recovery and maximize brain recovery of the neurological impairf@eaesham et al.
1995) Research utilizing newechnology such as functional MRI has certainly demonstrated the
potential of the central nervous system to at least partially recover in response to specific training and
stimulation.

There are several restorative approaches used in stroke rehabifitafithough @ch one has its own
proponents there is little evidence that suggests any one of these approaches is superior to another
(Ashburn et al. 1993; Duncan 1997; Ernst 1990; Partridge & De Weerdt 1995; Pomeroy & Talligd 2000)
Cochrane review alsooncluded that there was insufficient evidence that one therapy approach was
superior to another(Pollock et al. 2003)Eleven trials were included in the analysis, which evaluated
both the neurophysiological approach and the motor learning approach atitteors identified several
potential factors, which may have contributed to the null findings: i) an inability to identify all relevant
trials due to lack of consistent terminology, ii) The poor methodological quality of many of the 11 trials,
iii) the hetrogeneity of interventions, outcome assessments and patient characteristics, and iv) poor
descriptions and classification of the interventions provided.

Paci(2003) evaluated 15 trials, which had assessed the effectiveness of the Bobath approach and
corcluded that there was insufficient evidence that this approach was superior to others(Zag)

also noted that the methodological shortcomings of the studies included in the review do not allow for a
conclusion of norefficacy.

A Cochrane review autiied by Pollock et al(2006) examining the efficacy of various treatment
approaches for lower limb rehabilitation also concluded that using a mix of components from different
therapy approaches is more effective than no treatment or placebo control, hatirio one therapy
approach is superior to anothein addition, Kollen et al(2009) conducted a systematic review
evaluating the Bobath approach to other therapy approaches in terms of sensorimotor control of upper
and lower limb,dexterity, mobility, ativities of daily living, healthhelated quality of life, and cost
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effectiveness using data from 16 RCTs. Only limited evidence was found for balance control in favor of
Bobath. The authors concluded that overall, the Bobath Concept is not superior to ajpeoaches.

Based on best evidence synthesis, no evidence is available for the superiority of any approach. The
authors also noted the methodological shortcomings of many of the studies reviewed.

Several RCTs and a retrospective study evaluating tketefbf Bobath therapy on motor function and
disability are summarized in table 9.1Ldelow.

Table 9.1.21 Summary of RCTs Evaluating the Bobath Therapy Approach

Author, Year
Study Design (PEDro Score)
Sample Size (N)

Intervention

Main Outcome(s)
Reslit

Langhammer and Stanghel[2000) | E: Motor Relearning Progmme (MRP] 1 Hospital stays (+ Bobath)

Langhammer and Stanghelle et al| C: Bobath

(2003)
RCT®8)
N=61

Mudie et al (2002)
RCT(8)
N=0

Sabach et al(2004)
RCT (8)

N=91

Brock et al(2011)
RCT7)

N=26

Van Vliet et al(2005)
RCT7)

N=120

Wang et al(2005)
RCT7)

N=4

Chan et al(2006)
RCT (7)

N=52

Richards et al1993)
RCT(6)

N=27

Gelber et al1995
RCT(5)

N=20

Pollock et al(2002)
RCT(5)

N=28

Dean et al(1997)

E1: Task specific reach

E2: Bobath

E3: Balance Performance Monitor
feedback training

C: No treatment

E1: Motor relearning (lower)

E2: Motor learning (upper extremity

control)

E: Bobath + addition of task practice

C: Task practice

E: Motor Relearning Programme
C: Bobath

E: Bobath
C: Orthopedic approach

E Motor relearning
C:Conventional therapy

E1: Bobath
E2: Mixed
C: Conventional

E: Bobath
C: Traditional techniques

E: Bobath
C: Mixed techniques

E: Motor relearning

1 Motor Assessment Scale (+ MRP3t(1 and 4
yr F/U)

1 Sodring Motor Evaluation Scale (+ MRP)
(-at1and 4 yrs F/U)

1 Life Quality Test)

1 Sitting balance (+ Bobath, shedrm)

1 Sitting balance-(ong term)

1 Gait velocity {)

1 Sixminute walk test <)

1 Berg Balance Scalg (

1 Gait Velocity (+)

1 Rivermead Mtor Assessment)
1 Motor Assessment Scalé (

1 Motor Assessment Scale (+ Bobath)
1 Stroke Impact Scale (+ Bobath)

1 Berg Balance Scale (+)

1 Timed Up & Go Test)(

1 FIMmotor (+)

1 Modified Lawson Instrumental Activities of
Daily Living Test (+)

1 Communiy Integration Questionnaire (+)

1 Balance+

1 Gait velocity {)

{1 Functional Independence Measurg (
1 Length of Stay-)

1 Propation of patients achieving 'normal’
symmetry of weight distribution during variot
tasks {)

1 10 Meter Walk Test)
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RCT (5) C: Placebo

N=20

Stern et al(1970) E1l: Mixed 1 Kenny Institute of Rehabilitation Activities of
RCT (4) E2: Neurophysiological Daily Living scalg)

N=62

Chung et al(2014) E1: Motor learning 1 Berg Balance Scalg (

Retrospective E2: Bobath approach 1 Modified Barthel Index-j

Nsar=45 E3: Functional Approach 1 Modified River Mobility Index)

Nend=45

- Indicates norstatistically significant diérences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

The evidence for the restorative approach is almost exclusively empirical and evidence supporting its
usage is limited. Miller et a{1998)noted that although there is evidence to demonstrate a skerm

benefit of facilitation techniques, part of the restorative approach, there is a lack of evidence that would
suggest functional clinical outcomes are improvédo recent studietaveshown that the restorative
approach increases length of hospital rehab stay without improving outcothesghammer &
Stanghelle 2000; Patel et al. 1998anghammer and Stranghell®rducted an RCT comparing the
Bobath approach (remedial type of therapyj)dathe Motor Relearning Programme (MRP), in which, the
MRP resulted in shorter hospital stays and improved motor fundgtiamghammer & Stanghelle 2000)

Despite an improvement in functional mobility and ADL performance, Lennon(208b)reported tha

normal movement patterns were not restored following therapy using the Bobath principles. In the case
of Patel et al(1998) a ron-randomized comparative studjhere was a suggestion that the restorative
approach actually increases the number of patfewho are institutionalized. Results from the two
more recent studies, of equal methodological quality, comparing two compensatory therapy approaches
to a restorative (Bobath) approach were conflictiftan Vliet et al. 2005; Wang et al. 200b)eatment

times were similar in both studies (® sessions each), as was the time from stroke onset to
randomization (23 weeks). Patient characteristics appeared to be similar. Although the patients in the
Hafsteinsdottir et alstudy were not randomized the albrs controlled for a number of covariates in
their analysis including age, living situation education, modified Rankin scale scores, Barthel Index,
MMSE and depressidiiafsteinsdottir et al. 2005)n this multicentered trial the sample size was also
larger than any previous RCT conducted to date. While the authors acknowledge the potential for bias
using a norrandomized design they also noted that randomization is impractical in a clinical setting
where most institutions use one treatment approach estlely. This study was also the first to assess
guality of life associated with different treatment approaches.

Chan et al(2006)reported greater improvement in a series of performasiEsed tasks associated with

the motor relearning approach comparéd2 | & 02 y @Sy (i Thésg authorslincludsiRbbtld K €
WaSljdzSy (Al f-based goRporkemtsy ifidi thedryprotocol, which the authors believed was
responsible, in part, for the superior outcomes. Lennon e{(2006)suggested that current evidence
reveals no real differences between therapy approaches; a finding that may be explained, in part, by the
fact that they all share common treatment components.

Conclusions Regarding Restorative and Compensatory Approaches

There is level 1aviderce thatMotor Learning and Bobath may improve motor recovery but they are
not superior to one another.
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The restorative (Bobath) approacls as beneficial as théMotor Learning approachat improving
motor recovery.

9.2 Intensity of Training

The role of intenigy in the rehabilitation of the lower limb has been the subject of debate. While several
meta-analyses investigating the benefit of augmented physical therapy have been published, most of
these included studies which evaluated the outcomes such as imprewein ADL function and were

not specific to measures of gait or mobility. For example, the results of a-ametiysis of seven
randomized controlled trials examining the effects of differing intensities of physical therapy showed
significant improvementsn activities of daily living (ADL) function and reduction of impairments with
higher intensities of treatmen{Langhorne et al. 1996Another metaanalysis of nine studies (eight
RCTs and one nemndomized experiment) looking at the effects of intepsif stroke rehabilitation
found a small but statistically significant intenséffect on ADL and functi@l outcome parameters
(Kwakkel et al. 1997However, Cifu and Stewaidund only 3 moderate quality studies and one meta
analysis looking at the iansity of rehabilitation services and functional outco(@fu & Stewart 1999)
These authors concluded that the intensity of rehabilitation services was only weakly associated with
improved functional outcomes after stroke.

Kwakkel et al(2004)conductel a further metaanalysis, evaluating the benefit of augmented physical
therapy, including 20 studies which had assessed many interventions: occupational (upper extremity),
physiotherapy (lower extremity), leisure therapy, home care and sensorimotornraidifter adjusting

for differences in treatment intensity contrasts, augmented therapy was associated with statistically
significant treatment effects for the outcomes of ADL and walking speed, although not for upper
extremity therapy, assessed using tAetion Research Arm test. Augmented therapy was found to be
more effective when initiated within six months of the stroke.

The term,& A y U S yidstAfriéguéntly refers to the frequency of repetitions within a given period of

time, although more correctlyis defined as the amount of mechanical output of physical activity.
However, such measurement is not usually possible within a clinical setting. Therefore, establishing a
doseresponse relationship is problematic in stroke rehabilitation. Many factoexlpde the routine
recommendation of standard amounts of therapy time an individual patient should recgitte many

guideline recommendations regarding intensity and duration of therapy to reflect consensus by
clinicians rather than research eviden(@edey et al. 2012)Therefore, it is extremely difficult to know

how early therapy should be initiated post stroke howmuch additional therapy would confer benefit.

In a prospective cohort study, a relationship between lower limb exercise dose (meamutaiber of

exercise repetitions) and improved walking speed was fa@uwlivener et al. 2012Kwakkel(2006)has
demonstratedan association between effect size and additional treatment tiaved Foley et a(2012)

have found that the total amount of oapational therapy (OT) time is a significant predictor of gains in
functional independence measure (FIM) scoffesrthermore, researchers haveported that intensive

practice of functioffocused physiotherapy predggreater than expected gains in motyjl(Bode et al.,

2004) with a treatment time of 3 hours or longer being associated with greatest functional
improvements(Wang et al. 2013) Ly dSNBXaltAy3If ez Ay I RSAONALIGAGDS i
regarding an intense (3 hrs/day for 10 consecutive days)-daskific mobility training therapy
AYGSNDSYyGAz2yS LI GASYdQs RSAONAGSR (Mdtldatal.RBRIS 2F Ay

Overall, several studies havevaluated the intensity (amount received and timingpf therapy
interventions of asessments of gadnd mobility. Please see Table 9.2.1 for the outline of each study
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Table 9.2.1 Summary of RCTs Evaluating Intensity of Therapy on Assessments of Gait and Mobility

Author, Year
Study Design (PEDro Score)
Sample Size (N)
Kwakkel et al(1999)
Kwakkel et al(2002)
RCT (8)
N=101
Partridge et al(2000)
RCT (8)
N=114
Green et al(2002)
RCT (8)
N=170
Green et al(2002)
RCT (8)
N=170

Langhammer et a(2007)
Langhammer et a(2009)
RCT (8)

N=75

Wellwood(2004)
RCT (7)
N=70

Hesse et al(2011)
RCT (7)
N=50

Wadeet al.(1992)
RCT (6)
N=94

Wade et al(1992)
RCT (6)

N=94

Richards et a(1993
RCT (6)

N=27

Bai et al(2012)
RCT (5)

N=364

Langhammer et a(2014)

Intervention

E1: Arm training
E2: Leg training
C: Basic rehabilitation

E1: Physiotherapy, 30min
E2: Physiotherapy daily, 60min

E: Community physiotherapy
treatment

C: No treatment control group
E: Community physiotherapy
treatment

C: No treatment control group
E: Intensive outpatient exercise
program

C: Regular exercise

E: Augmented physiotrapy
C: Normal physiotherapy

E1l: Three twemonth blocks of
therapy at home, each block
contained four 30 to 45 minute
sessions per week, totaling 96
sessions

E2: Two 30 to 45 minute sessions

per week, totally 104 sessions

E: Physiotherapy upon immediate

entry into study
C: No therapy

E: Physiotherapy upon immediate

entry into study

C: No therapy

E: Early intensive therapy
C: Conventional therapy

Main Outcome(s)
Result

1 Functional Ambulation Categorie$Valking:
0 At6, 12, 20, 26, 5k (+)

1 Profilesof Recoverylimed walk: 6 wk-{; 6 mo )

1 River Mobility Index: 3mo (+); 6 & 9m9 (

1 River Mobility Index (RMI): 3mo (+); 6 & 9m¢ (

1 Modified Ashworth Scale: 3, 6, 12m{ (

1 Activities of Daily Living: 3, 6, 12m9 (

1 6-minute Walk Test: 3, 6, 12me)(

1 Berg Balance Scale: 3, 6, 12mjo (

1 Timed Up & Go Test: 3, 6, 12md (

1 River Mobility Index: 1, 3, 6me)(

1 Motricity Index: 1, 3, 6mo-|

1 Barthel index: 1, 3, 6ma)(

1 Nottingham Extended Activities of Daily Living Inde
3&6mo¢f)

1 Quality of Life: 6mo-}

1 Rivernead Mobility Index: 2, 4, 6, 8, 10, 12md (

1 Rivermead ADLs: 2, 4, 6, 8, 10, 12r)0 (

1 Timed Up & Go Test: 2, 4, 6, 8, 10, 12m0 (

1 Modified Ashworth Scale: 2, 4, 6, 8, 10, 12 (

1 10 Meter Walk Test: 2wk to 17wk (+), 17wk to 31w
(+), 31wk to 44wk-§

1 Nottingham Extended Activities of Daily Living Inde
All ()

1 Hospital Anxiety & Depressi@cale: All-§

1 Gait speed+)

1 Gait speedat 6wk (+); aB, 6mo )

E: Early rehabilitation that followeq § Modified Barthel Index: 1, 3, 6mo (+)

a threestage rehabilitation
program
C: Conventional rehabilitation

1 FugtMeyer Assessment: 1, 3, 6mo (+)

E: Intensive exercise intervention |1 6 Minute Walk Test: 4yrY
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http://www.ncbi.nlm.nih.gov/pubmed/?term=kwakkel+1999+stroke
http://www.ncbi.nlm.nih.gov/pubmed/11909906
http://www.ncbi.nlm.nih.gov/pubmed/11129665
http://www.ncbi.nlm.nih.gov/pubmed/11812553
http://www.ncbi.nlm.nih.gov/pubmed/11812553
http://www.ncbi.nlm.nih.gov/pubmed/?term=langhammer+2007+stroke
http://www.ncbi.nlm.nih.gov/pubmed/19212897
http://www.ncbi.nlm.nih.gov/pubmed/15293487
http://www.ncbi.nlm.nih.gov/pubmed/20921029
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1881332/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1881332/
http://www.ncbi.nlm.nih.gov/pubmed/8503751
http://www.ncbi.nlm.nih.gov/pubmed/22819061
http://www.ncbi.nlm.nih.gov/pubmed/?term=Physiotherapy+and+physical+functioning+post-stroke%3A+Exercise+habits+and+functioning+4+years+later%3F+Long-term+follow-up+after+a+1-year+long-term+intervention+period%3A+A+randomized+controlled+trial

RCT (4) C: Regular exercigmly 1 Berg Balance Scale: 4yy (
Nstar=75 1 Timed Upand-Go Test: 4yr-|
Neng=37

- Indicates norstatistically significant differences between treatment groups

+ Indicates statistically significant differences between treatment groups

Discussio

The studies included in this review encompassed both acute and chronic stroke patients. In general,
benefits have been reported for intensive therapy early on (within the &instonths) but have failed to

be maintained (at €2 months).

In a retrospedie analysis of 993 stroke patients receiving rehabilitation in a skilled nursing facility, Jette
et al. (2005)reported that patients who received less than one hour of therapy per day (combined
OT/PT/ SLP) had longer lengths of stay compared to patidmisreceived 11.5 hours per day (21.4 vs.
1517 days). However there was no difference in LOS between patients receitibghburs per day

and those receiving more than 1.5 hours. Although a greater level of therapy intensity was associated
with shortered LOS, the total daily therapy time would be considered very modest and likely not
representative of most inpatient rehabilitation programs.

Conclusions Regarding Intensity of Training

There is level 1a and limited level 2 evidence that early intendiverapy may improve gait and
general motor function.

There is conflicting level 1a evidence regarding the effect of augmented physical therapy on gait at
follow-up.

Early intensive therapy may improve gait, general motor function and independent functio
individuals with stroke within the first 3 months but not after 6 months.

9.3 Balance Retraining and Falls Prevention

9.3.1 Balance Retraining

Impaired postural control has been identified as a key component of mobility problems post &eke
Haat et al. 2004; Pohl et al. 20043rising from motor, sensory and cognitive impairments. In fact, Pohl
et al. (2004)identified improvement in balance as the strongest predictor of distance gained in walking
among poor performers (those who walked lesarit213 metres) three months following stroke. Trunk
flexion and extension muscle weakness and asymmetric weight bearing may contribute to difficulties in
walking and performing ADLs following strofiaratas et al. 2004; Winstein et al. 198®)d may be
treated using force platform technology with either visual or auditory feedback. However, a Cochrane
review authored by Barclagoddard et al(2004)concluded that while biofeedback therapy (visual or
auditory) can improve standing balance, functional ba&is not significantly improved; although the
conclusions were based on a dimaumber of RCTs (see Table 9.3.1Whole body vibration shows
promise as a potentially promising therapy to improve proprioceptive control of posture following
stroke(van N& et al. 2004)
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van Peppen et al2006)conducted a systematic review of the effectiveness of visual feedback therapy
on postural control and gait following stroke, which included 8 studies, six of which were RCTs; the
remainder were ontrolled trials éee Table 9.3.1)2 There were no significant treatment effects for
symmetry of weight distribution in bilateral standing, postural sway, balance control, walking ability or
gait speed.Lubetzky-Vilnai and Karti2010)conducted a narrative, systematicuiew, including the
results from 22 studies (9 RCTs) examining the effectiveness of balance training programs following
stroke. The authors noted variations in the dosage and type of interventions assessed, the chronicity of
stroke among patrticipants, thkength of the programs and the length of folleyp. Regardless, they
reported that there was evidence to support the use of individual balance training in the acute stage of
stroke and either group or individual ssns among patients in the swlzute orchronic stages of
stroke.

Table 9.3.1.1RCTs Included in Two Systematic Reviews of Biofeedback Training

BarclayGoddard et al(2004)(Cochrane Review) Van Peppen et al2006)
Chen et al. 2002 Chen et al. 2002
Geiger et al. 2001 Cheng et al. 2004
Lee et al. 1996 Geiger et al. 2001
Sackley et al. 1997 Lee et al. 1996
Shumway-Cook et al. 1988 Sackley et al. 1997
Walker et al. 2000 ShumwayCook et al. 1988
Wong et al. 1997 Walker et al. 2000 (Grant et al. 198udbset
analysis)

Winstein et al. (1989)
Wonget al. 1997

Treatment of balance disorders pestroke are outlined in Table 9.3.1.2.

Table 9.3.1.Zummary of RCTs Examining Balance Treatments

Author, Year Main Outcome(s):

Study Design (PEDro Scor Intervention Result
Sample Size (N)
Tang et a(2014 E: Early sitting, standingnd walking (in 1 Lower extreme mobility scores (+)
RCT (9) conjunction with the CBA (ECBA) or ECBA 1 Basic mobility scores (+)
Nstar=48 combined group 1 Overall STREAM scores (+)
Nen48 C: Contemporary Bobath Approach (CBA)| 1 Berg Balance Scale (+)
only group

Lee et al(2015) E1: Proprioception training for 25min + 1 Korean Berg Balance Scale (+)
RCT (9) additional balance tasks 1 Joint position sense error (+)
Nstart =36 E2: Proprioception training for 30min 1 Affected/undfected side weight bearing ratio
Nend=36 (+)
Fargalit et al(2013) E1: Sito-stand training (STS) and an 1 Sitto-stand repetitions in 3 mins (+)
RCT (9) exercise program. 1 Timed Upand-Go Test (+)
Nstar=40 E2: Symmetrical foot positiotraining and ar 1 Berg Balance Scale (+)
Nen~40 exercise program.
Van Nes et al2006) E1: Whole body vilation At 0, 6, and 12 weeks:
RCT (9) E2: Exercise therapy on music 1 Berg Balance Scalg (
N=53 1 Trunk Control Test)

1 Rivermead Mobility Index)

1 Barthel Index-}

1 Functional Ambulation Categoried (
1 Somatosensory threshold)(
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Mudie et al.(2002)
RCT (8)
NStart:40
Nend=26

Matsumoto et al.(2014)
RCT (8)

Nstar=22

NenE22

Karthikbabu et a(2011)
RCT (8)

N=30

Jiejiao et al(2012)
RCT (8)
NStart:loo

NEnd:g2

Lau et al(2012)
RCT (8)

N=82

Dragin et al(2014)
RCT (8)
NStart:22
NEnd:22
Bower et al(2014)
RCT (8)
NStart:30
NEmFZl

Miklitsch et al.(2013)
RCT (8)

Nstar=40

NEnd:4O

Howe et al(2005)
RCT (7)

N=35

Yelnik et al(2008)
RCT (7)

N=68

Noh et al.(2008)
RCT (7)
N=25

E1: Task specific reach

E2: Bobath

E3: Balance Performance Monitor feedbac
training

E4: No treatment

E: Thermal stimulation

C: Relaxation therapy

1 Sitting balance (+) Bobath vs shoetm
1 Sitting Balance-) Long term

1 Modified Ashworth Scale (+)

E: Taslspecific trunk exercises on an
unstable surface

C: Taslspecific trunk exercises on a stable
surface

E: Cognitive duahsk training (balance
training + cogitive training)

C: Conventional Balance training

1 Brunel Balance Assessment (+)
1 Trunk ImpairmebScale (+)

1 Mediolateral (+)
1 Anteroposterior (+)
1 Sway distance with eyes open(+)
1 Mediolateral sway distance with eyes closed
E: Whole body vibration training that used | 1 ChedokeMcMaster Stroke Assessment (uppe
an exercise vibration protocol and lower limb impairment-§
C: Received an exercise protocol different| 1 Berg Balance Scalg (
from the vibration protocol 1 Dynamic posttal control )
1 10-meter Walk Test-|
1 6-minute Walk Test-|
1 Isometric Muscle Strength)(
1 Activitiesspecific Balance Confidence Scaje (
E: Body postural support during gait trainir 1 Berg Balance Scale: at 4wk (+)
C: Conventional gait training using a cane | 1 Gait speed: at 4wk (+); 6mo (+)

E:Wii-based exercises
C: Balane group

1 Functional Reach Test: at 2wk (

1 Upper limb subscale of the STREAM at 2 & 4
)

1 Step Test-

1 Timed Up & Go Test)(

1 Berg Balance Scalg (

1 Timed Upand-GoTest ()

E: Balance training using a mtrampoline
C: Group balance training

E: Usual care + physiotherapy + additional 1 Lateral reach test-{
therapy sessions 1 Static Standing Balanc (
C: Usual care, + physiotherapy 1 Sitto-stand-to-sit (-)
E: Multisensorial Rehabilitation, an approa 1 Berg Balance Scal§ (
based on higher intensity of balance tasks| 1 Double stance phase)(
and exercise during visual deprivation { Climbing 10 steps)
C: Conventional neodevelopmental 1 Amount of Walking per day)(
theory-based treatment 1 Functional Independence Measure (+)
1 Nottingham Health Profile Assessment (+)

E: Aquatic therapy with Ai Chi and Halliwic 1 Berg Balance Scale (+)

methods 1 Forward and backward weighttearing abilities
C: Conventional therapy, performing gym | of the affected limbs-
exercises 1 Kneeflexor strength {)

1 Muscle strength-j
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http://www.ncbi.nlm.nih.gov/pubmed/12392332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anti-spastic+effects+of+footbaths+in+post-stroke+patients%3A+A+proof-of-principle+study
http://www.ncbi.nlm.nih.gov/pubmed/21504955
http://connection.ebscohost.com/c/articles/74697174/cognitive-dual-task-training-improves-balance-function-patients-stroke
http://www.ncbi.nlm.nih.gov/pubmed/22330025
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gait+training+of+poststroke+patients+assisted+by+the+Walkaround+(body+postural+support)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clinical+feasibility+of+the+Nintendo+Wii+(TM)+for+balance+training+post-stroke%3A+a+phase+II+randomized+controlled+trial+in+an+inpatient+setting
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+a+predefined+mini-trampoline+training+programme+on+balance%2C+mobility+and+activities+of+daily+living+after+stroke%3A+a+randomized+controlled+pilot+study
http://www.ncbi.nlm.nih.gov/pubmed/15704508
http://www.ncbi.nlm.nih.gov/pubmed/18780882
http://www.ncbi.nlm.nih.gov/pubmed/18955428

Goket al.(2008)
RCT (7)
N=30

AuYeung et al(2009)
RCT (7)

Nsiar=136

Nen114

Chen et al(2011)
RCT (7)
N=35

Saeys et a(2012)
RCT (7)

N=33

Lee et al(2012)
RCT (7)

N=40

Liang et al(2012)
RCT (7)
Nstar=30
Nen=25

Lee et al(2014)
RCT (7)
NStart:21
NEnd:ZO

Rao et al(2013
RCT (7)
Nstar=28
Nend=28

Jung et al.(2014)
RCT (7)
Nstar=18
NEnd:]-7

Lee et al(2013)
RCT (7)
Nstar=34
NEnd:31

Bang et al(2014)
RCT (7)

1 Gait ¢)
E: Balance training with a Kinaesthetic Abi 1 Static and dynamic balance indices (+)
Training device + Conventional 1 FugtMeyer Assessmeng balance subscore (+)
Rehabilitation 1 FugtMeyer Assessmentg total motor subscore

C:Conventional Rehabilitation )
1 Functional Independence Measucdocomotor
subscore+)
E: Tai Chi 1 Dynamic standing balance evaluated by cent

C: General exercises of gravity excursion during selfitiated body
leaning (+)

{1 Standing equilibrium-§

1 Timed Upand-Go Tet ()

1 Berg Balance Scalg (

1 FugtMeyer Assessment)(

1 Modified Motor Assessment Scalg (

1 Functional Ambulation @ssification {)

1 Trunk Impairment Scale (+)

1 Timetti Test (+)

1 Four Test Balance Scale (+)

1 Modified Barthel Index-{

1 Functional Ambulation Categories (+)

1 Timed Upand-Go test (+)

1 Berg Balanc&cale (+)

1 FugtMeyer Assessment (+)

1 Medical Research Council Scale for the lowe
extremity (-)

1 Functional Ambulation Classification(+)

1 Berg Balance Scalg (

1 Modified Motor Assessment Scalg (

1 Barthel Index+

E:Augmented realitypased postural control 1 Gait Velocity (+)

training in addition to general physical 1 Step length for the paretic and nonparetic sid

therapy (+)

C: General physical therapy only 1 Stride length for the paretic and nonparetic si

(+)

E: Visual biofeedback with a body weight | 1 FugtMeyer Balance-j

support harness system. 1 Functional Independence Measure for gajt (

C: Conventional therapy that included tlere

sessions of balance training.

E: Weightshift Training Group

C: Conventional Exercise Program

E: Thermal stimulation
C: Occupational therapy

E: Truncal exercises
C: Sham treatment

E: Balance training + Conventional
physiotherapy
C: Conventional physiotherapy

E: Thermal stimulation
C: Consultations over a\Beek period

1 Timed Upand-Go Test (+)

E: Local vibration stimulus training prograr 1 Postural sway disince eyes open (+)

C: Sham local vibration stimulus training |1 Postural sway distance eyes closed (+)
1 Postural sway velocity eyes open (+)
1 Postural sway velocity eyes closed (+)
1 Gait speed (+)
1 Cadence (+)
1 Single limb support time (+)

E: Unstable surface training after treadmill| § Timed Upand-Go Test (+)

training 1 6-minute Walk Test (+)
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Alptekin+2008+stroke
http://nnr.sagepub.com/content/23/5/515.short
http://www.ncbi.nlm.nih.gov/pubmed/21504953
http://www.ncbi.nlm.nih.gov/pubmed/?term=saeys+2011+stroke
http://www.ncbi.nlm.nih.gov/pubmed/22977778'
http://www.ncbi.nlm.nih.gov/pubmed/22766450
http://www.sciencedirect.com/science/article/pii/S1013702514000219
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pregait+balance+rehabilitation+in+acute+stroke+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weight-Shift+Training+Improves+Trunk+Control%2C+Proprioception%2C+and+Balance+in+Patients+with+Chronic+Hemiparetic+Stroke
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+a+local+vibration+stimulus+training+programme+on+postural+sway+and+gait+in+chronic+stroke+patients%3A+a+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/25435678

Nstar=12

Nen=12

Hsu et al(2013)
RCT (7)

NStart:34

Nend=23

Goljar et al(2010)
RCT (6)

NStart:50

Nend=39

Cheng et al(2001)
RCT (6)

N=54

Morioka et al.(2003)
RQ (6)

Nstar=28

NEnd:26

De Seze et a(2001)
RCT (6)

N=20

Sackley & Lincoln et al.

(1997)

RCT (6)

N=26

Eser et al(2008)

RCT (6)

N=41

Verheyden et al(2009)
RCT (6)

N=33

Schmid et al(2012)
RCT (6)
N=47

Puckree et al(2014)
RCT (6)
Nstar=50
Nend=50

Chung et al(2013)

C: Treadmill training only

E: Noxious thermal stimulation (heat-46
47°C, cold B°C)

C: Innocuous thermal stimulation (heat-40
41°C, cold 224°C)

E: Balance trainer device group

C: Control group

E: Symmetrical standing training and
repetitive sitto-standtraining with a
standing biofeedback trainer

C: Conventional stroke rehabilitation
E: Perceptual learning exercises

C: No perceptualearning exercises

E: Bon Saint Come device for axial postur:
rehab
C: Conventional neurorehabilitation

E: Biofeedback training
C: Sham feedback

E: Balance training using force platform
biofeedback + Conventional program

C: Conventional inpatient rehabilitation

E: Individual and supervised trunk exercise
C: Conventional therapy

E: Yoga Therapy
C: No therapy

E: Physiotherapy program focused on
balance and stability exercises
C: Regular physiotherapy

E: Core stabilization exercises

1 Postural Assessment Scale for Strofie (
1 LE STREAM (+)

1 Mob-STREAM (+)

1 Modified Ashworth Scale (+)

1 Timed Upand-Go Test+)

1 Berg Balance Scalg (

1 10-meter Walk Test-|

1 Sitto-stand performance-{
1 Rate of rise in force)
1 Sway in center of pressure) (

1 Total locus length with eyes open (+)
1 Enveloped Area with eyes open (+)

1 Postural Assessment Structural Scale withou
orthosis (+), with orthosis (+)

1 Gait Ratio (+)

1 Gait Speed on netre test, tricipital and
quadricipital spasticity on the Ashworth
Modified Scale-

1 Motor Spasticity {)

1 Range of Ankle motion (Maximal ankle
dorsiflexion) (+)

1 Motricity Index €)

1 Functional Ambulation Classification without
orthosis (+), with orthosis)

1 Functional Independence Measure(+)

1 Rivermead Motor Function Assessment (+)

1 Nottingham 18point ADL Scale (+)

 Stance symmetr{+)

1 Sway (+)

1 Brunnstrom stages

1 Rivernead Motricity Index+

1 Functional Independence Measure (+)

Trunk Impairment Scale:

1 Total score )

1 Static balance subscalg (

1 Dynamic sitting balance subscale (+)

1 Coordination {)

1 Fear of falling-

1 Berg Balance Slea(-)

1 ActivitiesSpecific Balance Confidence Scgle

1 Stroke Specific Quality of Life Scaje (

1 Berg Balance Scalg (

1 Affected side step length or stride lengt) (
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+noxious+versus+innocuous+thermal+stimulation+on+lower+extremity+motor+recovery+3+months+after+stroke
http://www.ncbi.nlm.nih.gov/pubmed/20071998
http://www.ncbi.nlm.nih.gov/pubmed/?term=cheng+2001+stroke+sit-to-stand/
http://www.ncbi.nlm.nih.gov/pubmed/12971704
http://www.ncbi.nlm.nih.gov/pubmed/?term=De+seze+2001+stroke
http://www.ncbi.nlm.nih.gov/pubmed/?term=sackley+1997+stroke
http://www.ncbi.nlm.nih.gov/pubmed/18385624
http://www.ncbi.nlm.nih.gov/pubmed/18955513
http://www.ncbi.nlm.nih.gov/pubmed/22836351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Balance+and+Stability-Focused+Exercise+Program+Improves+Stability+and+Balance+in+Patients+After+Acute+Stroke+in+a+Resource-poor+Setting
http://www.sciencedirect.com/science/article/pii/S1013702513001085

RCT (6)

Nstar=16

Nen=16
Tankisheva et a(2014)
RCT (6)

NStart:15

Nend=15

Marin et al.(2013)
RCT (6)

Nstar=20

Nend=20

Kyochul et al(2014)
RCT (6)

Nstar=30

Nend=30

Lee et al.(2015)
RCT (6)

Nstar=21

Nen=21

Immink et al(2014)
RCTE)

Nstar=25

Nend=22

KyungPil et al.(2015)
RCT (5)

NStart:24

NEnd:24

Allison et al(2007)
RCT (5)

NStart:17

Nend=15

Yavuzer et a(2006)
RCT (5)

N=25

Wong et al(1997)
RCT (5)
N=60

Walker et al(2000)
RCT (5)

N=54

Pollock et al(2002)
RCT (5)

N=28

KatzLeurer et al(2006)
RCT (5)

C: General training program

E: Whole Body Vibration
C: No additional training pgram

E: Whole Body Vibration
C: Sham

E: Stair gait exercise for 30 mins.

C: Flat surface gait exercise for 30 mins.

E: Whole Body Vibration training
C: Conventional retmlitation

E: Yoga
C: No Treatment

1 Gait velocity (+)

1 Isometric knee extension strength (+)
1 Isokinetic knee extension strength (+)
1 Postural control)

1 Lower limb muscle architecture)(

1 Maximal isometric voluntary contraction of the
knee extensors-}

1 Berg Balance Scalg (

1 Length of Romberg (cmj)(

1 Average speed of Romberg (cm/g) (

1 Weight beamg of foot print (%)

1 Anterior length in limit of stability (cf) ()

1 Posterior length in limit of stability (cﬁ](-)

1 Surface area ellipse of Romberg (ﬁ)rﬁr)

1 Length/area of Romberg (cm/7r)1(+)

1 Berg Balance Scale (+)

1 Modified Ashworth Scale)(
1 Berg Balance Scalg (

E: Treadmill with horizontal impeding force 1 Timed Upand-Go Test (+)

C: Treadmill without horizontal impeding
force

E: Standing balance training
C: Conventional physiotherapy

E: Conventional rehabilitation + balance

1 CGS (+)

1 MGS (+)

1 Cadence (+)

1 Step length (+)

1 Berg Balance Scale (+)

1 Rivermead Motor Assessment Scale (
1 Trunk Control Test)

1 Pelvic excursion in frontal plane (+)

training using the NeArm Target Balance |1 Vertical ground readon force (+)

training system
C: Conventional rehabilitation without
balance training

E: Standing training table + performance o 1 Percentage of postural symmetry (+)
pushing and pulling load tasks using resist 1 Immediate learning effect (+)

movements of the upper limb
E2: Standing biofeedback traig device

E: Visual Feedback Training
C: Conventional physical therapy

E1: Bobath
E2: Mixed techniques

E: Daily Cycle Training Program
C: Routine inpatient rehabilitation or

1 Berg Balance Scalg (

1 Gait Speed-|

1 Timed Upand-Go Test-)

1 Proportion of patients achieving 'normal’
symmetry of weight distribution during variou:
tasks {)

1 Postural Assessment Scale for Stréttgnamic,
standing and total) scores (+)
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+Intensive+Whole-Body+Vibration+Training+on+Muscle+Strength+and+Balance+in+Adults+With+Chronic+Stroke%3A+A+Randomized+Controlled+Pilot+Study
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+gait+training+with+horizontal+impeding+force+on+gait+and+balance+of+stroke+patients
http://www.ncbi.nlm.nih.gov/pubmed/17702703
http://www.ncbi.nlm.nih.gov/pubmed/16571394
http://www.ncbi.nlm.nih.gov/pubmed/9239626
http://www.ncbi.nlm.nih.gov/pubmed/10960936
http://www.ncbi.nlm.nih.gov/pubmed/12194618
http://www.ncbi.nlm.nih.gov/pubmed/?term=katz-leurer+2006+stroke

N=24

You et al(2012)
RCT (5)
NStart:30
Nend=27

Jung et al(2012)
RCT (5)

N=22

Cho et al(2012)
RCT (5)

N=22

lyigun et al(2015)
RCT (5)

NStart:33

NEnd:‘?’O

Krawczyk et al2014)
RCT (5)

NStart:Sl

Nend=51

rehabilitation 1 FugtMeyer Assessment (+)
1 FIM (motor) scores (+)
E: Standing onéeg weight bearing balance| 1 BergBalance Scale)(
exercisewith the aid of a device to keep |1 Gait §)
specified degrees of flexion at the hip and | 1 Timed Upand-Go Test-)
knee
C:Conventional version (no device) of the
one-leg weight bearing balance exercise
E: Virtual reality treadmill training 1 Timed Upand-Go Test (+)
C: Treadmill training only for the same 1 Activitiesspecific balance confidence (+)
duration.
E: Virtual reality balance training 1 Berg Balance Scale (+)
C: Standard therapy 1 Timed Upand-Go Test (+)
1 Postural swy velocity (anterior/posterior and
medic-lateral movement+)
E: WiiFit Balance Training 1 Berg Balance Scalat 4wk ); at 8 wk (+).
C: Progressive Balance Training (PBT) |1 Timed Upand-Go test: at 4wk]; at 8 wk (+).
1 Dynamic Gait Index: at 4wK) (

E: Closed chain group 1 Gait; Stance phase)(
C: Standard rehabilitation 1 Single stance phase (%) (
1 Pelvic tilt ¢)

1 Range of pelvic tilt-]

1 Step width(-)

1 Hip and knee range in sagittal pla

1 Speed-)

1 Cadencd-)

1 Step length(-)

1 FugtMeyer Assessmerit)

1 Rivermead Mobility AssessmeqLower
extremity ()

1 Berg Balance Scal¢

Ko et al(2015) E: Space Balance 3D training 1 Berg Balance Scalg (
RCT (5) C: Conventional rehabilitation 1 Timed Upand-Go Test+)
Nstar=52 1 Postural Assessment Scadp (
Nen52
Chen et al(2002) E: Visual feedback balance training with th 1 Maximum stability (static balancej)(
RCT (4) G{YENI . FtlyOS al & 1 Centre of gravity @inment (static balance))
N=41 C: Conventional physical and occupational 1 Axis velocity (dynamic balance) (+)
therapy 1 Directional control (dynamic balance) (
1 End point excursion (dynamic balance) (
1 Sphincter control (+)
ShumwayCook et al(1988 | E: Postural sway biofeedback using a stati § Total sway area)
RCT (4) force plate system
N=50 C: Conventional physical therapy practices
Bayouk et al(2006) E: Exercises perfored under conditions of | The center of pressure displacement during
RCT (4) vision (eyes closed/open) and surface doublelegged stance and sib-stand under four
N=16 manipulation (firm/hard surface) sensory conditions:
C: Exercises performed under normal 1.eyes open, normal surface) (
conditions 2.eyes opensoft surface )
3.eyes closed, normal surface (
4.eyes closed, soft surface) (
1 10-m walking test+)
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Seo et al(2012) E: Standargbhysical therapy + Dual task | 1 Sway path

RCT (4) training 1 Sway area (+)
N=40 C: Standard physical therapy physical 1 Max velocity (+)

therapy
Kim et al(2012) E: Nntendo Wii + exercise + electrical 1 Functional Independence Measurg (
RCT (4) stimulation 1 Modified Motor Assessment Scale (+)
Nstar=20 C: Electrical stimulation + exercise 1 Postural Assessment Scale (+)
NenE17
Hoseinabadet al.(2013) E: Physical therapy program 1 Berg Balance Scale (+)
RCT (4) C: Control treatment 1 Barthel Index (+)
N=24 1 Modified Ashworth Scale (+)
Lim et al(2012) E: Abdominal Drawinin maneuver + bridge 1 Sway area (+)
RCT (4) exercise 1 Sway length (+)
N=21 C: bridge exercise alone 1 Sway velocity (+)
Kim, Cha et a(2015) E: Gait training with constrairihduced 1 Trunkimpairment Scale: dynamic sitting
RCT (4) movement therapy balance {)
Nstar=20 C: Gait training only
Nen=18
Mun et al.(2014) E: Unstablesupport surface group 1 Berg Balance Scalg (
RCT (4) C: Stable support surface group 1 Timed Upand-Go Test+)
Nstar=30 1 10-meter Walk Test-|
Nen =19 1 6-min Walk Test-§

1 Step length (cm) (affected side) (+)

Geiger et al(2001) E: Biofeedback/ Forceplate training 1 Berg Balance Scal (
RCT (3) C: Physical therapy 1 Timed Upand-Go Test)
N=13
HoYoung et al2015) E: Tai Chi exercises 1 10 Meter Walk Test (+)
RCT (3) C: Conventional Therapy 1 Timed Up and Go Test (+)
Nstar=22
NEmFZZ
Yoon et al(2013) E1: Seltontrolled feedback 1 Body sway amplitudes (+)
RCT (2) E2: Yoked feedback
N=24 C: No feedback
Han et al(2013) E1l: Land exercise group 1 Joint position sense errors (+)
PCT E2: Underwater exercise group 1 Sway area (eyes open and closed) (+)
Nstar=62 1 Berg Balance Scale (+)
NEnd:GO

- Indicates noestatistically significant diérences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Although balance is a concern with stroke patients, particularly elderly stroke patients, and has been
shown to have some prognostic lua, treatments aimed at correcting balance were generally not
impressive in demonstrating a significant impact on outcomes. A variety of therapy approaches were
assessed including visual feedback, isig&cific methods, platform training, whole body vitoa, yoga,

virtual reality technology, additional strength training, cycle and treadmill training.

Many different approaches including additional therapy and a variety of devices were examined among
patients in both the acute and rehabilitation phases sifoke. Although a majority of studies
demonstrated a benefit of balance training, the heterogeneity of interventions and outcome measures
does not allow for definitive conclusions regarding the effect of balance trainingspae.
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Overall, balance &ining through various physiotherapy and cardiovascular exercises including the use
of virtual reality devices shows conflicting findings regarding balance outcomes and those measuring
lower limb motor function and kinematics. Other treatments such aséhosolving vibration therapy

or feedback/biofeedback training failed to show an improvement in balance and gait functions.

Conclusions Regarding Balance Disorders

There is level 1a evidence that whole body and local vibration training programs mayimptove
balance or gait.

There is level 1a evidence that trurdpecific training may improve balance outcomes.

There is conflicting level 2 evidencegarding the effect of virtual reality balance training on gait
and balance outcomes.

There is level 1and level 2 evidence that feedback training may not improve balance or motor
function of the lower limb.

Trunkspecific balance training and balandecused exercise programs may improve balance ppst
stroke.

Whole body and locavibration, thermal stirrulation, balancefocused exerciseand interventions
involving feedback may not improve balance outcomes.

It is unclear whethertask-specific balance training programs, and virtual realityaining improve
on balance, gait, and functional recovery posttoke.

9.3.2 Falls Prevention

Falls are relatively common among the elderly. Each year 30% of those over the age of 65 will
experience a fal[Weber et al. 1996)Those having experienced a stroke are at greater risk. During
inpatient rehabilitation the eported incidence of falls ranged from 25%%(Dromerick & Reding 1994;
Nyberg & Gustafson 1993)pon return to the community, the risk is increased further. Forster & Young
(1995) reported that up to 73% of persons had fallen within 6 months of diséhdrgm hospital
following stroke. Falls can result in injuries, which range from mild, involving soft tissues, to severe,
including hip fracture. Fortunately, most falls are minor; less than 10% of falls result in fracture
(Campbell et al. 1990; Tinetti el. 1988) Loss of bone mineral density following stroke increases the
risk of hip fracture, especially among women, above that seen in commadwigjling older people.

In addition to advancing age, factors associated with falls include female sexesdigpr, cognitive
impairment, functional disability, medications, urinary incontinence and poor baléficg et al. 2008)
Additional specific risk factors among stroke survivors include greater standing sway, impulsivity and
slower response timefHyndmanet al. 2002) Due to visuospatial neglect, proprioceptive impairments
and attention deficits, persons with rigisided stroke are at increased risk of falling compared to
persons with lefisided lesiongEng et al. 2008)
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There is limited evidence regang) falls prevention programs following stroke. A study protocol
designed specifically to address tmgervention has been publishg@atchelor et al. 2009)The FLASSH
(FaLls prevention After Stroke Survivors return Home) project has been designeRIG3S ta evaluate

the effectiveness of a multactorial falls prevention program for stroke survivors who are at high risk of
falling when they return home after rehabilitation. The intervention consists of a home exercise
program as well as individualiséalls prevention and injury minimisation strategies based on identified
risk factors for falls. Participants will be advised to undertake the exercise program at least 5 times per
week. The study aims to recruit a target of 214 subjects. The primary oeti®the number of falls at

12 months, using a falls diary.

SeveraRCTs have assessed the effectiveness of exercise intervention programs to reduce the risk of falls
post stroke, one during inpatient rehabilitation and the other among community dwgeBtroke
survivors (Table 9.3.2.1

Table 9.3.2.1 Summanyf RCTs Examining Falls Prevention Programs

Author, Year Main Outcome(s)
Study Design (PEDro Scor Intervention Result
Sample Size (N)

Marigold et al.(2005) E:Agility training 1 Number of falls <
RCT (8) C: Stretching/weighshifting training
NStart:Gl
Nen=42
Dean et al(2012) E: Exercise and tasklated traning 1 Proportion of fallers
RCT (7) C: Upper extremity strength training and | 1 Rate of falls-
N=151 cognitive tasks 1 6-minute walk test {)

1 10-meter Walk Test-|
Batchelor et al(2012) E: Tailored multifactorial falls prevention | Fall rates+)
RCT (7) C: Usual care 1 Proportion of fallers
Nstar=156 1 Injurious falls {)
Nen=132 1 Falls risk

1 Participation ¢

1 Activity ¢)

1 Leg Strength-f
1 Gait speed-

1 Balance+
1 Falls efficacy-|
Cheng et al(2001) E: Symmetrical standing training and 1 Number of falls <)
RCT (6) repetitive sitto-stand training with a standin
N=54 biofeedback trainer
C: Conventional stroke rehabilitation
Tilson et al(2012) E1:Early treadmill training with partial body | 1 Number of reported falls-}
RCT (5) weight support (within 2 months of stroke)
N=408 E2: Late treadmill training with partial body

weight support (6 months aftertoke)
E3: A homébased exercise program
+ Indicates statistically significant differences between treatment groups
- Indicates norstatistically significant differences between treatment groups

Discussion
Overall, the stuiks included in this review failed to provide any benefits of interventions for preventing
falls in individuals with lower limb impairments following a stroke. In a large RCT, various exercises
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combined with taskelated training was not superior over uppextremity training for improving rate of
falls and gait(Dean et al. 2012)Treadmill training with body weight support provided early after a
stroke (within 2 months) provided no benefits of lowering the number of reported falls compared to
when the inervention was delivered late after a stroke (after 6 monifis)son et al. 2012)

Conclusions Regarding Falls Prevention Programs

There is level 1a evidence that exercisased falls prevention programs may not reduce the rate of
falls following stroke

| Exercisebased falls prevention programs may not reduce the rate of falls psisbke.

9.4 Gait Retraining

Restoration of gait is considered to be one of the primary goals of stroke rehabilitation. Mobility is often
negatively impacted by stroke due tesidual impairments and disabilities including impaired balance,
spasticity and decreased motor conti@ohl et al. 2004)Hesse et al2003)notes that three months
following a stroke, approximately 20% of stroke survivors remain primary wheelcleag, asmd walking

is limited in another 60%5tefan Hesse et al. 2003; Jargensen et al. 1995; Wade et al. A88Mts with
acute of subacute stroke ambulate only-80% of the distance that community dwelling adults witho
stroke are reported to walKPdl et al. 2004) Many techniques are currently in use to aid in the
recovery of gaithowever a systaatic review byHollands et al(2012 highlights repetitive taslspecific
practice and/or auditorycueing as the most promising techniques for restoring gait in stroke survivors.
In this sectionwe examire a variety ofgait training techniquesvhich includesrepetitive taskspecific
training (in general) treadmill trainingwith and without body weighsupport, the applicaon of virtual
reality, in addition to the provision of feedback during rehabilitation

9.4.1 Repetitive Task Training

Proponents of tasispecific training cite that intense training is not always necessary for positive
outcomes instroke patients, but instead suggest that therapy designed to be moregjas&ific within
normal contact time (30 to 45 minutes per session) could be more effica(Rage 2003)Hesse et al.
(2003)notes that,& ¢ |-s@ekific therapy can enable hemiplegatients to practice walking repetitively,

in contrast to conventional treatment in which teimibiting manoeuvres and gagreparatory tasks
during sitting and standing dominage

A Cochrane review byrench et al(2009)evaluatedthe effect of regtitive task training, on both upper
and lowerextremity function. With respect to interventions aimed at improving mobility isgé&cific
training was associated with improvements in walking distance, speed and performancéoistsind.
The authors cotluded that taskspecific training was associated with modest improvement in lower
limb function.A systematic review byan de Port et al(2007) including 14 RCTs. examirthé benefit

of repetitive task gaibriented training programs. Overall,sigrificant treatment effectwas found for
the programs with respect tcoutcome measures of gait speed and walking distance.

Taskoriented circuit class training is a specific form of tagkcific therapyimplemented in stroke
patients. This type of traing isusually defined as therapy that involves a tailored intervention program
targeted at improving strength, balance and range of movement and includes walking practice. The
therapy also involves groups rather than individuals physically moving betwednstations set up at
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different work stations. Circuit class training is most often provided in addition to individual physical
therapy sessionéEnglish et al.2007) Looking beyond mobility outcomelenefitsassociated wittthis
type of training include peer support and social interaction as well as more efficient use of therapy staff.

In aCochrane review6 RCTslpoking a circuit training and mobilityn contrast to control conditions,
group circuit training increased gait speed, improved balance and shortened length of hospital stay
(English & Hillier, 2010Furthermore, in a metanalysis byWevers et al(2009)a significant treatment

effea of taskoriented circuit class traininfpr several measures of gaiere found The effect sizes in
favour of taskoriented circuit class training for walking distance were 0.43 (95% CI, 0.17 to 0.68;
P<0.001), gait speed 0.35 (95% CI, 0.08 to 0.620P2)0) and a timed wand-go test 0.26 (95% ClI, 0.00

to 0.51; P=0.047). Nonsignificant summary effect sizes in favour obtasked circuit class training
were found for the step test and balance control. The authors suggested that this form of traiighg

be more benécial when provided in the suécute, rather than chronic stage of stroke. There was also
evidence that the training benefits were lost aftéie exercise sessions stopped.

Identifying training programs defined as repetitive taskniagy can be problematic. While treadmill
training is an example of this form of therapy, we have included this treatment under its own section.
Similarly, studies specifically evaluating cardiorespiratory fitness training and strengthening programs
have ato been included in other section$able 9.4.1.1 includea variety of interventions that we
considered under the rubric of repetitive task training.

Table 9.4.1.1Summary of RCTs Examining T-&gecific Training

Author, Year Intervention
Study Design (PEDro Scor
Sample SizéN)
Blennerhassett & Dite

Main Outcome(s)
Result

E: Mobility + Usual Care + Taskated 1 6-minute Walk Test (+)

(2004) practice 1 Step Test (+)

RCT (9) C: Upper Limb + Usual Cardaskelated |1 Timed Upand-Go Test (+)

N=30 practice

Tung et al(2010) E: General physical therapy + additional { 1 Directional control anteriorly (+)
RCT (8) to-stand training 1 Affected hip extensor strength (+)
N=32 C: General pysical therapy 1 Berg Balance Scal¢ (

1 Extensor Muscle strength)(

Salbach et al2004)

E: 10 functional task

1 6-minute Walk Test (+)

RCT (8) C: Upper extremity activities 1 5-meter Walk

N=91 1 Timed Upand-Go Test (+)

Marigold et al.(2005) E: Stretching and weigtghifting exercises | 1 Step Reaction Time (+)

RCT (8) C: Agility exercise 1 Berg Balance Scal¢ (

N=61 1 Timed Upand-Go Step Reaction time (+)
1 Nottingham Health Profile-f

Verma et al(2011) E: Tasloriented circuit training 1 Functional Ambulation Category (+)

RCT (8) C: Conventinal lower extremity 1 Rivermead Visual Gait Assessment (+)

N=30 rehabilitation 1 Cadence (+)

1 Comfortable gait speed (+)
1 6-minute Walk Test (+)
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van de Port et a2012
RCT (7)
N=250

Dean et al(2000)

E: Graded task specific circuit training
program
C: Usual outpatient physiotherapy

E: Sitting training protocol

1 Mobility subscale of the Stroke Impact Scale (

1 6-minute Walk Test (+)

1 5 m comfortable walking speed test (+)
1 Modified Stairs Test (+)

1 Rivermead Mobilityndex ¢)

1 Nottingham extended activities of daily living (

1 Functional ambulation categories (
1 TimedUp-and Go Test)

7 10-meter Walk Test-|

RCT (7) C: Sham sitting training protocol 1 Peak Vertical Force)(

N=12 1 Sitting ability {)

Yang et al(2006) E: Tasloriented progressive resistance | Lower extremity muscle strength)(
RCT (7) strength training 1 Cadence-

N=48 C: No treatment 1 Stride length+)

Yang et a(2007)
RCT (7)
N=25

Mudge et al(2009
RCT (7)
N=60

Outermans et al(2010)
RCT (7)
N=44

Dean et al(2000)

E: Ball exercise program
C: No rehabilitation training

1 Timed up and go test)

1 Gait velocity {)

1 Step test )

1 6-minute walk test+)

1 Walking speed (+)

1 Cadence (+)

1 Stride time (+)

1 Stride length (+)

1 Temporal symmetry idex €)

E: Cliniebased rehabilitation delivered in ¢ 1 6-minute Walk Test(+)

circuit class

1 Gait speé (+) (C>E)

C: Comparable duration of group social g 1 Rivermead Mobility Index (+) (C>E)

educational classes

E: Highintensity, taskoriented training
program
E: Conventional rehabilitation therapy

1 ActivitiesBased Confidence Scake (

1 Physical Activity and Disability Scae (
1 10-meter Walk Test (+)

1 6-minute Walk Test (+)

1 Berg Balance Scal¢ (

1 Functional Reach test)(

E: Exerise circuit program for lower limbs| 1 Sitto-stand (+)

RCT (5) C: Exercises circuit program for upper lin 1 Number of repetitions (+)
N=20 1 Walking speed (+)
1 Endurance (+)
1 Force production (+)
Barreca et al(2004) E: Conventional rehabilitation + it- 1 Care Cooperative Chart Scores (
RCT (5) stand training 1 Satisfaction scores)(
N=48 C: Conventional rehabilitation
Shim et al(2012) E: Dual motor task training + physiothera 1 Gait speed (+)
RCT (5) C: Physiotherapy 1 Cadence (+)
N=35 1 Paretic single limb support periods (+)

1 Pardic and nonparetic step (+)
1 Stride length (+)

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Findings suggests that delivering lowenb taskrelated exercises improves lower limb mobility and
endurance when compared against tagkated practice that exercises the upper limf@ennerhassett
& Dite 2004; Dean et al. 2000; Salbach et al. 20G#nversely, sib-stand exercises improvedip

9. Mobility and the Lower Extremity pg.24of 177

www.ebrsr.com


http://www.ncbi.nlm.nih.gov/pubmed/22577186
http://www.ncbi.nlm.nih.gov/pubmed/?term=Task-related+circuit+training+improves+performance+of+locomotor+tasks+in+chronic+stroke%3A+a+randomized%2C+controlled+pilot+trial
http://www.ncbi.nlm.nih.gov/pubmed/17008338
http://www.ncbi.nlm.nih.gov/pubmed/17908563
http://www.ncbi.nlm.nih.gov/pubmed/19969159
http://www.ncbi.nlm.nih.gov/pubmed/20719820
http://www.ncbi.nlm.nih.gov/pubmed/10768528
http://knowledgetranslation.ca/sysrev/articles/project51/Barreca2004.pdf
http://connection.ebscohost.com/c/articles/84525569/effects-motor-dual-task-training-spatiotemporal-gait-parameters-post-stroke-patients

extensor strength but not the strength of the full impaired lower extremffiyjung et al. 2010)
Furthermore, balance also failed to improve following the interven{ibung et al. 201Qhowever the
evidence for this is limited and larger trials areceuraged.

Conclusions Regarding TaSpecific Training

There is level 1b and limited level 2 evidence thattsitstand training may not improve balance or
strength of the impaired lower limb when compared conventional therapy.

There is level lard limited level 2 evidence that resistive/strength taskiented training may
improve gait, cadence and lower limb mobilitthowever, it may not be beneficial for improving
balance

Lower extremity exercises involving resistive and strength training miayprove lower limb
mobility, gait and cadence however, their effect on balancaiigclear,

9.4.2 Treadmill TrainingVith/Without Body-Weight Support

Treadmill training has been used, either alone or in combination with veelght support, as a form of
taskspecific training. Treadmill training offers the opportunity for repetitive, practice of complex gait
cycles, which can facilitate improvements in ambulatory and-aimfulatory patients.

A more recent innovation for retraining gait has been partialghe support combined with treadmill
training. The body weight support (BWS) approach to motor recovery is appropriately summarized as
GiK2aS gK2 gl yia (2 (StelarfHessé & 4l. RG0ADnSteddy Hoth Modgsanéet al.
(1994)and Jordan(1991) based on animal models, various motor activity specifics such as stepping,
may be induced by the brainstem and spinal cord with little cortical stimulus. Harkema(#9@r)and
Dobkin et al.(1995)both observed that sensory inputs associatedhwnormal stepping could elicit
locomotor outputs, even in those patients suffering from a complete thoracic spinal cord injury.
Consequently, this has led seveiralestigatorsto study body weighsupported treadmill training after
stroke in an attemptad optimize locomotoirelated sensory inputs to all neural regions that are involved
in walking (Hassid et al. 1997; Hesse et al. 199Bhis strategy is thought to increase functional
independence and speed of walking. Hence, there appears to be a steamgphysiological basis for
this mode of gait retraining.

On a more practical leveBWSattempts to provide postural support and promote coordination of the

lower extremities. The decreased weight bearing, theoretically, allows more physiological muveme
strategies by minimizing weighearing demands. Patient confidence is greater because of a reduced

risk of falling while still engaging in the task. Body weight support can be gradually withdrawn as
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parachute harness to substitute for balance deficiency. The rotating treadmill belt requires complex
stepping movements. The harness is used to promotecaktibdy position; swinging in the harness is

avoided. If the patient assumes a flexed body position, the point of suspension can be moved posteriorly

so that the trunk is erect. When correctly positioned, the harness supports a proportion of body weight,
allowing the patients to support the remaining weight adequately without knee collapse or excessive hip
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Moseley et al(2003)conducted a metaanalysis thatompaed treadmill training with/withoutBWSto

other physiotherapy interventions as a means to improve gait speed, endurance walkhg
dependency. There waso statistically significant difference®und for walking dependency and
walking speed for people who were dependent in walking at the start of treatment for treadmill training
with BWScompared to other physiotherapy interventiolt was noted thatreadmill training withBWS
appeared to have a naesignificant benefit for people who were independent walkers at the start of
treatment. Overall, differences in the training intensities and comparison interventions used by the
indeperdent studies included in the analysis made for very divergent findings.

An updated review of the Moseley etl. (2003) publication included 44 trials (randomized or quasi
randomized) and evaluated the effects of body weight support treadmill trainirgpmbination with
other treatments or offered alone omvalking ability after a strokéMehrholz et al. 2014Jreadmill
training and body weightupport for walking after strokeThe findings indicate that compared to
conventional therapy or to treatmentstioer than treadmill training with our without body weight
support, the intervention was not significantly superior at improving gait but it may improve walking
speed and endurance. Neambulatory stroke patients are not found to benefit as much as patidras

are able to walkMehrholz et al. 2014)Treadmill training and body weight support for walking after

stroke.

“

u
N

Research shows that gait training with BWS increases gait velocity but not the symmetrical walking
pattern between the paretic and neparectic limbs(Combs et al. 20125uggesting that BSW treadmill
training during rehabilitation is applicable for patients with a goal to walk faster.
study byHall et al(2012)improved step length symmetry and increases in daily step tsofollowing
treadmill training with partial BWS were found to be associated with gains irsalelfted walking

speed.

Table 9.4.2.1SummaryStudies Evaluatingf Treadmill TrainingVithout BWS

Furthermore, in a

Author, Year Intervention Main Outcomg(s)
Study Design (PEDro Score Result
Sample Size
Langhammer & Stanghelle |E1: Treadmill training 1 6-minute Walk Test (+)
(2010) E2: Outdoor walk 1 10-meter Walking Speed (+)
RCT (8) 1 Bilateral Stride Length (+)
N=39 1 Step width (+)
Globas et al(2012) E: Progressive graded, higitensity aeobic |1 Distance walked in-fninute Walk Test
RCT (8) treadmill exercise (+)
N=36 C: Conventional physiotherapy 1 Berg Balance Scalg (

1 5 Chairrise €)
1 Rivermead Mobility Index)

Kuys et al(2011)
RCT (8)
N=30

E: Exercise program of treadmill

C: Usual physiotherapy

1 Walking pattern+)

flexion/extension) {)
1 Walking speed-{

1 Angular kinematics (knee/hip/ankle
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http://www.ncbi.nlm.nih.gov/pubmed/20026572
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chronic+Stroke+Survivors+Benefit+From+High-Intensity+Aerobic+Treadmill+Exercise%3A+A+Randomized+Control+Trial.
http://www.ncbi.nlm.nih.gov/pubmed/20921032

Liston et al.(2000)
RCT (8)
N=18

E: Treadmill reraining
C: Conventional therapy

{ Spatial and temporal gait measure} (
1 Activities of Daily Living)(

1 Sitto-Stand Test-{

1 Timed 10m walk-J

1 Inked footprintsbm walk )

1 Oneleg stance test-

1 ADLoriented assessment of mdky (-)
1 Nottingham extended ADL scal@ (

Shaughnessy et gR012)

E: Bskrepetitive treadmill

1 Perceived recovery-)

RCT (8) C: Comparable duration of a program of | 1 The Yaldhysical Activity Survey) (
N=71 stretching 1 The Stroke Impact Scald (
Laufer et al(2001) E: Conventional physical therapy in addition § Functional ambulatior(+)
RCT (8) with 15 treadmilitraining sessions 1 Sride length(+)
N=25 C: Conventional physictherapy 1 Percentage of paretic single stance
period (+)
1 Gastromiemius muscular activitf#)
Ada et al(2003) E: Treadmill Training 1 Walking speed (+)
RCT (8) E: Oer-ground walking training
N=29
Macko et al(2005) E: Treadmill aerobic exercise program 1 Ambulatay performance (+)
RCT (8) C: Rehabilitation program of stretching plus| 1 Mobility function (+)
N=61 low-intensity walking 1 Walking Impairment Questionnaire) (
Rivermead Mobility Index)
Lau et al(2011) E: Conventional physical therapyl5 1 Walking speed (+)
RCT (8) treadmill-training sessions 1 Step length (+)
Nstar=30 C: Conventional physical therapy or 1 Berg Balance Scalg (
Nen~26 1 Cadence-}
Chen ¢al.(2014) E: Turningbased treadmill training 1 Walking speed (+)
RCT (8) C: Regular treadmill training 1 Temporal asymmetry ratio (+)
Nstar=31 1 Berg Balance Scal@60° turn (+)
Nen=30 1 Berg Balance Scal¢otal score (+)

1 Forward reaction time of limitsfo
stability (+)

1 Forward endpoint execution of limits of
stability (+)

1 Equilibrium score of sensory organizati
(+) test condition 5 (+)

1 Walking pattern at 18 wk-)

1 Angular kinematics (knee/hip/ankle
flexion/ extension)+)

1 Muscle strength of the hip flexs, hip
adductors, and ankle dorsiflexors (+)

Bang et al(2014)

E: Unstable surface training after treadmill

1 Timed Upand-Go Teb(+)

RCT (7) training. 1 6-minute Walk Test (+)
Nstar=12 C: Treadmill training only.

NEnd::I-2

Carda et al(2013) E: Gait training on a treadmill set with uphill| § 10-meter Walk Test (+)
RCT (7) belt inclination of 15% (UP group) 1 6-minute Walk Test (+)
Nstar=38 C: Gait training on a treadmill set with a

Nen=30 downhill belt inclination of 5% (DOWN grou
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http://www.ncbi.nlm.nih.gov/pubmed/?term=liston+2000+stroke
http://www.ncbi.nlm.nih.gov/pubmed/22210302
http://www.ncbi.nlm.nih.gov/pubmed/11322472
http://www.ncbi.nlm.nih.gov/pubmed/14586916
http://www.ncbi.nlm.nih.gov/pubmed/16151035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Speed-dependent+treadmill+training+is+effective+to+improve+gait+and+balance+performance+in+patients+with+sub-acute+stroke
http://www.ncbi.nlm.nih.gov/pubmed/25435678
http://www.ncbi.nlm.nih.gov/pubmed/?term=Does+altering+inclination+alter+effectiveness+of+treadmill+training+for+gait+impairment+after+stroke%3F+A+randomized+controlled+trial

Park et al(2014) E:Underwatertreadmill group 1 Postural sability test ¢)
RCT (7) C: General rehabilitation program (motor
Nsar=22 exercise + FES)
Neng22
Cho et al(2015) E1: Treadmill training with functional 1 Stide lengthf)
RCT (6) electrical stimulation aped to gluteus 1 Percentage of single support time of the
Nstar=36 medius and tikalis anterior muscles. affected side: E1 vs. E2 & C (+)
Nen=31 E2: Treadmill training with functional 1 Change in temporal symmetry and spat
electrical stimulation applied to tibialis asymmetry: E1vs. E2 & C (+); E2 W C
anterior muscles. 1 6-minute Walk Test: E1 vs E2 & C (+)
C: Treadmill training only. 1 Change in tibialis anterior muscle
strength: Evs C (+); E2 vs C (+)
1 Medical Research Council scale: E1 vs
&C (+)
1 Berg Balance Scale: E2 vs)C (
Kang efal. (2015) E1: Front Handrail group 1 Heelmedial area: E2 vs. C (+)
RCT(5) E2: Bilateral Handrail group 1 HeeHateral area: E2 vs. C (+); E1 vs. C
Nstar=30 C: No Handrail group 1 Rear foot area: E1 vs. E2 (+)
Nend=30
[imker et al.(2013) E: Treadmill task condition 1 Walking speed-{
RCT (4) C: Overground task condition 1 Functional Ambulation Catego(y)
Nsiw=24 1 BergBalance Scale)(
Nen=24 1 10-meter Walk Test-|
Park et al(2013) EL: Slow gait group (SGG; N=20): 1 6-minute walk test (+) (OGT vs TGT)
RCT (4) 1 Overground gait 1 Berg Balance Scale (+) (slow vs fast ga
Nstar=40 §  Treadmill gait groups)
Neng=40 E2:Fast gait group 1 10-meter walk test {)
1 Overground gait training
1 Treadmill gait training
Park et al(2014) E: Incremental weight loading group 1 Center of pressure sway area¥ ¢r sway
RCT (3) C: Neload group (NLG) length €)
Nstar=30
Nend=30

- Indicates noestatistically gjnificant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Table 9.4.2.2 Summary of RCTs Evaluating Treadmill Training with Body Weight Support

Author, Year Intervention Main Outcomg(s):
Study Design (PEDro Scor¢ Result
SampleSize (N)

Ada et al(2010) E: Treadmill walking + body weight | 1 Proportion of participants achieving independen
RCT (8) support walking within 6 mo (+)

N=126 C: Overground walking

Kelley et al(2013) E: lokomat gait training + body weight | 1 Barthel Index{)

RCT (8) supported treadmill 1 10-meter Walk Test-|

Nstar=21 C: Gait training 1 6-minute Walk Test-|

Nen =20 1 Stroke Impact Scale)(

Eich et al(2004) E: Treadmill training with minimal 1 Walking velocity (m/s) (+)

RCT (8) weight bearing support + physiotherap 1 Capacity (m) (+)

N=50 C: Routine physiotherapy
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http://www.ncbi.nlm.nih.gov/pubmed/?term=The+effect+of+underwater+gait+training+on+balance+ability+of+stroke+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Treadmill+gait+training+combined+with+functional+electrical+stimulation+on+hip+abductor+and+ankle+dorsiflexor+muscles+for+chronic+hemiparesis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+handrail+use+while+performing+treadmill+walking+on+the+gait+of+stroke+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+balance+support+on+the+energy+cost+of+walking+after+stroke
https://www.jstage.jst.go.jp/article/jpts/25/4/25_2012-353/_pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Effect+of+Treadmill-based+Incremental+Leg+Weight+Loading+Training+on+the+Balance+of+Stroke+Patients
http://www.ncbi.nlm.nih.gov/pubmed/20413741
http://www.ncbi.nlm.nih.gov/pubmed/?term=Over-ground+and+robotic-assisted+locomotor+training+in+adults+with+chronic+stroke%3A+A+blinded+randomized+clinical+trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eich+2004+stroke

MacKayl yons et al(2013)
RCT (8)
N=5

Nilsson et al(2001)
RCT (7)
N=73

Sullivan et al(2007)
RCT (7)
N=80

Yen et al(2008)

RCT (7)

N=14

Middleton et al.(2014)
RCT (7)

NStart:50

NEnd:31'43

DePaul et al(2015)
RCT (7)
Nstar=71
Nend=58

Franceschini et a{2009)
RCT (6)
N=97

Suputtitada et al(2004)
RCT (6)

N=48

Hoyer et al(2012

RCT (6)

N=60

Yang et al(2010)
RCT (6)
N=18

E: 12week body weight supported
treadmill
C: Usual care

1 Berg Balance Scalg (

1 ChedokeMcMaster Stages of Recovery (
1 PeakVQ(+)

1 6-minute Walk Test (+)

E1 Walking training on a treadmill with 1 Functional Independence Measurg (
body weight support (BWS) 1 Walking Velocity-§

E2: Walking training according to Motg 1 Functional Ambulation Categorie§ (
Relearning Program on the ground | 1 FugtMeyer Stroke Assssnent )

1 Berg Balance Scalg (

1 Selfselected Comfortable gait speed (+)
1 Seltselected Fast gait speed (+)

1 6-minute walk Distance-)

E1: Bodyweightsupported treadmill
training

E2: LimHoaded resistive leg cycling
E3: LE muscdlspecific progressive
resisive exercise and uppextremity
ergometry

E: General physitéherapy + body
weight supported treadmill training | 1 Step length (+)

C: General physical therapy 1 Berg Balance Scal (

E: Body weighted supported treadmill | 1 Step length differentiaf-)
training 1 3-meter Walk Test-{
C: Intermixed overground gait activitie§ 1 6-meter Walk Test-J
1 Berg Balance Scalg (
1 Dynamic Gait Index)(
1 Activities Specific Balance Confidence Scale (
1 Single Limb Stance) (
1 Timed Upand-Go test )
1 FugtMeyer Scale Lower extremity subscale (
1 Stroke Impact Scalg)
1 Gait speed-}
1 6-meter Walk Test-{
1 Functional Balance Tesscores-
1 Functional Balance Test timé (
1 Activitiesspecific Balance Confidence Scaje (
1 Stroke Impact Scale (global recovery, activities ¢

daily living, mobility, participation}X
1 Life Space Assessment (
E: Conventional rehabilitation plus gait 1 Trunk Control test-§
training with body weight support on a| 1 Barthel Index+
treadmill 1 Functional Ambulation Categorieg (
C: Conventional treatment with 1 10-meter and 6minute Walk Tests
overground gait training 1 Walking Handicap Scald (
E: Partial Body Weight Support Treadr 1 Berg Balance Scalg (
Training 1 Walking Velocity-§
C: Conventional therapy
E: Treadmill training with body weight | 1 Functiond Ambulation Category-
support 1 10-meter Walk Tes¢-)
E2: Traditional overground walking | 1 6-minute Walk Tes(-)

1 EU Walking-{
{1 Functional Independence Measurg (

E: 12 sessions of bodyeight supported| 1 Map size of the abductor hallucis (+)
training 1 FugtMeyer Assessment (+)
C: General exercise program

1 Walking Speed (+)

E1: Motorlearning walking program
E2: Body weight supported treadmill
program
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http://www.ncbi.nlm.nih.gov/pubmed/23599221
http://www.ncbi.nlm.nih.gov/pubmed/11594641
http://www.ncbi.nlm.nih.gov/pubmed/17895349
http://www.ncbi.nlm.nih.gov/pubmed/17507641
http://www.ncbi.nlm.nih.gov/pubmed/?term=Body+weight-supported+treadmill+training+is+no+better+than+overground+training+for+individuals+with+chronic+stroke%3A+A+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/25122587
http://www.ncbi.nlm.nih.gov/pubmed/19556526
http://www.ncbi.nlm.nih.gov/pubmed/16083172
http://www.ncbi.nlm.nih.gov/pubmed/21954995
http://www.ncbi.nlm.nih.gov/pubmed/20382280

Duncan et al(2011) E1: Treadmill training with partial body| 1 Proportion ofpatients with an improved level of

RCT (5) weight support (ithin 2 months of functional walking)

N=408 stroke) 1 Ability to walk independently at a speed of
E2: Treadmill training with partial body, >0.4m/s {) and >0.8 ifs ()
weight support 1 Gait speed-)

E3: A homebased exercise program | 1 FugtMeyer Assessment)(
1 Berg Balance Scalg (
1 Activities of daily living and items on the stroke
Impact Scale-)

Da Cunha Filho et g2002) | E: Regularahabilitation with supported| 1 Functional Ambulation Category Scale (
RCT (5) treadmill ambulation training 1 Gait Speed-{
N=12 C: Regular rehabilitation 1 Walking Distance-)

1 Gait energy expenditure)

1 Gait energy cost)

Moore et al.(2010) E: Intensive locomotor training using a 1 Fastest velocity (m/s) (+)

RCT (4) treadmill with bodyweight support 1 Oxygen cost (mL/kg/km) (+) and peak treadmill
N=20 C: Conventional treatment sped) (+)

Kosak & Redin(?000) E: Partial body weigkgupported 1 Overground walking endurance (

RCT (4) treadmill training 1 Overgrourd walking speed-)

N=56 C: Aggressive bracing assisted walkin

Kim et al(2014) E1: Progressive bodyeight supported |1 Affected Side Step Length (+)

RCT(4) treadmill forwards and backwards 1 Affected Side Stance Phase (+)

Nstar=36 walking training

Nen~36 E2: Progressive Body weight supporte

treadmill forwards walking training
E3: Progressive Body weight supporte
treadmill backwards walking training

Takao et al(2015) E: Body weight quported treadmill 1 Gait speed (+)
RCT4) training

Nstar=18 C: Routine rehabilitation regiment

NEnd:]-8

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

The most ommon control condition was that of routine rehabilitation. Among the RCTs that used a
two-group design with conventional rehabilitation as the control conditisayeral demonstrated
significantly greater improvement with treadmill trainifi§da et al. 200; da Cunha et al. 2002; Eich et

al. 2004; Franceschini et al. 2009; Moore et al. 2010; Nilsson et al. 2001; Werner et al. 2002; Yang et al.
2010) The MOBILISE trial recruited only rambulatory patients following an acute stroke reported
that althoughthe proportion of patients who achieved independent ambulation status was higher in the
treadmill group, the difference was not statistically significéda et al. 2010)The authors suggested
that the reason that such a large number of patients achiemelépendent ambulation status was due

to the intensity of the taslspecific training. They reported that the distance patients in the control
group walked in the first week of the trial was only 20% of that of patients in the experimental group.
However aher research has shown that differences in initial impairment did not affect functional
walkability (walking speed, motor recovery, balance, functional status, and quality of life), following
intervention (Duncan et al. 2011Bimilarly, other studies havalso demonstrated a lack of significant
differences between the intervention group receiving batgight supported treadmill training and the
control group receiving conventional therapy with respect to gait, motor function, and bal@ae
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http://www.ncbi.nlm.nih.gov/pubmed/21612471
http://www.ncbi.nlm.nih.gov/pubmed/12235606
http://www.ncbi.nlm.nih.gov/pubmed/?term=moore+2010+locomotor+training
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kosak+2000+body+weight
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+Progressive+Body+Weight+Support+Treadmill+Forward+and+Backward+Walking+Training+on+Stroke+Patients%27
http://www.ncbi.nlm.nih.gov/pubmed/?term=Improvement+of+gait+ability+with+a+short-term+intensive+gait+rehabilitation+program+using+body+weight+support

Cunha et al2002; DePaul et al. 2015; Duncan et al. 2011; Franceschini et al. 2009; Kelley et al. 2013;
Kosak & Reding 2000; MacKayons et al. 2013; Middleton et al. 2014; Nilsson et al. 2001; Sullivan et al.
2007; Suputtitada et al. 2004; Yen et al. 2008)

Conclusns Regarding Treadmill Training
There is level 1a and level 2 evidence that treadmill training either in combination with conventional
therapy or delivered alone, may improve gait velocity, stride length and lower limb functional

mobility; however, itmay notimprove balance.

There is level 1la and level 2 evidence that partial body weight support treadmill training may not
improve gait or balance outcomes comparéal conventional or other gait training interventions.

Treadmill training without body weight support may improve lower limb impairments pertaining
to gait velocity and functiorbut not balance.

Bodyweight supported treadmill training may not be superioto conventional therapy at
improving gait, motor function, or balance.

9.4.3Virtual Reality Training

Virtual reality (VR) also known as virtual environment, is a technology that allows individuals to
experience and interact with thredimensional environmentsVirtual reality tools are classified as
either immersive (the person is sitieal within a virtual environment via a piece of equipment that is
worn, such as heathounted display) or noimmersive (a twedimensional environment delivered by
conventional computer monitors or projector screens). Commercial gaming consoles (e StatRiay
EyeToy, Nintendo Wii) have been used is research to deliver VR training, however customized VR
programs have also been created and tested in stroke rehabilitation.

Two Cochrane reviews have been published by Laver €2@l1; 2012) examining tle effect of VR
interventions in stroke rehabilitation. Both reviews have included redtdi® 19 RCTs (565 subjects)
Pooled analysis of three independent studies (58 participaetsdrted no effectfor improvements on

gait speed (mean difference=0.095% C}0.09 to 0.23)Laver et al. 2011)n a systematic review that
specifically looking at neimmersive VR interventions as an adjunct or alternative to conventional
rehabilitation therapy in stroke patientgSmith et al. 2012)when combined with awventional
physiotherapy VR demonstrated to have significant improvements on balance, walking speed and
function.

Table 9.4.3.1Summary ofRCTs Evaluatingirtual Reality Training

Author, Year Main Outcome(s)
Study Design (PEDro Score) Intervention Results
Sample Size
Fritz et al (2013) E: Nintendo WII 1 FugtMeyer Assessment)(
RCT (8) E2: PlayStatin 2 1 Berg Balance Scal§ (
N=15 1 Dynamic Gait Index)(
1 6-Minute Walk Test-]
1 3-Meter Walk Test-
1 Stroke Impact Scale)(
1 Timed Up & Go Test)(
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Active+video-gaming+effects+on+balance+and+mobility+in+individuals+with+chronic+stroke%3A+A+randomized+controlled+trial

Cho et al(2013)
RCT (8
NStart:16
Nen=14

Cho et al(2014)
RCT (8)
NStart:32
Nend=30

Fritz et al(2013)
RCT (7)
NStart:30
Nen=30

Llorens, GilGomez et al (2015)

RCT (7)
Nstar=22
Nen20
Llorens, Noe et a
RCT (7)
NStart:31
NEnd:‘?’O

Caltagrone and Morong2014)

RCT (7)
NStart:50
NEnd:‘?’O

Cho et al(2013
RCT (7)
N=16

Kang et a{2012)
RCT (7)

N=30

Kim et al(2009)
RCT (7)

N=24

Yang et al(2008)
RCT (7)
N=20

Changho et al(2015)

RCT (6)

E: Virtual walking training on a treadmill| §

using realworld video recording.

1

C: Walking training on a treadmill withod| {

virtual reality realworld projection.
E: Treadril training based realvorld

recording.

C: Treadmill Walking Training.

E: Gameplay + physical therapy
C: Gameplaywithout physical therapy

E:Virtual realitybased ele-rehabilitation

system
C: Inclinic

E: \irtual reality-based intervention
C: Conventional Physical Therapy

E: Balance training with Wii +

physiotherapy

C: Balance training without Wii +

physiotherapy

E: Treadmill training program with real
world video recording

C: Treadmill training program without
realworld video recording

E1: Treadmill training with optic flow

E2: Treadmillgpup
C: Control group

E: Virtual reality therapy + conventional

physical therapy

C: Conventional pisjcal therapy

E: Virtual reatiy-based treadmill training
C: Treadmill training

E: Virtual environment system ankle

exercise

)l
1
1
1
1
1
1
1
1
1
1
1
f
f
1
f
f

f
f

=

= A A e _—a _a _a _a _a _a _a _a _°a

= = —a —a _a _a _a _a

= —a A _a

Berg Balance Scale (+)
Timed Upand-Go Test (+)
Gait velocity (+)

Cadence (¥

Balance Berg Scale (+)
Timed Up and Go Test (+)
Gain speed (+)

Cadence (+)

Single limb support period (+)
Double limb support period (+)
Step length (+)

Stride length (+)

FugtMeyer Assessment)(

Berg Balance Scalg (

Dynamic Gait Index-)(

6-Minute Walk Test -f

3-meter Walk Test -J

Brunel Balance Assessment (+)

Berg Bilance Scale)

Performance Oriented Mobility Assessment

BrunelBalance Assessment (+)
Berg Balance Scalg (
10-meter Walk Test-{

Functional Balance (+)

Disability (+)

Berg Balance Scale (+)
10-minute Walk Test (+)
Functional Ambulation Categy (+)
Berg Balance Scale (+)

TimedUp and Go Test (+)

Gait velocity (+)

Cadence (+)

Paretic side step length)(
Singlelimb support period {)

Gait speed (m/sec) (+)

Distance walked (m) (E>E2 and E>C) (+)

Berg Balance Scale (+)

Velocity (+)

Modified Motor Assessment Scale (+)
Cadence (+)

Step time (+)

Step length (+)

Stride length (+)

Community Walking speed at past
intervention (+)

Community walking time (+)
Community Walking speed at folleup (+)
Modified Tardieu Scale (+)

Timed Upand-Go Test (+)
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http://www.ncbi.nlm.nih.gov/pubmed/23598900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+treadmill+training+based+real-world+video+recording+on+balance+and+gait+in+chronic+stroke+patients%3A+A+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=Active+video-gaming+effects+on+balance+and+mobility+in+individuals+with+chronic+stroke%3A+A+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=Improvement+in+balance+using+a+virtual+reality-based+stepping+exercise%3A+A+randomized+controlled+trial+involving+individuals+with+chronic+stroke
http://www.ncbi.nlm.nih.gov/pubmed/25448245
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+efficacy+of+balance+training+with+video+game-based+therapy+in+subacute+stroke+patients%3A+a+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/23598900
http://www.ncbi.nlm.nih.gov/pubmed/21971754
http://www.ncbi.nlm.nih.gov/pubmed/19692788
http://www.ncbi.nlm.nih.gov/pubmed/18358724
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+virtual+reality-based+ankle+exercise+on+the+dynamic+balance%2C+muscle+tone%2C+and+gait+of+stroke+patients

Nstar=26

Nen22

Ucar et al(2014)
RCT (6)

NStart:22

Nend=22

McEwen et al(2014)
RCT (6)

NStart:74

Nend=59

Rajaratnam et al2013)
RCT (5)

Nstar=19

Nend=19

Mirelman et al(2010)
RCT (5)

N=18

Yang et al (2011)
RCT (4)

N=14

Kim, Cha et a{2015)
RCT (4)

NStart:20

Nen=18

Kim et al (2012)
RCT (4)

N=17

Jung et al(2013)
RCT4)

Nstar=17

NEnd:lo

You et al(2005)
RCT (4)

N=10

Singh et al(2013)
PCT

Nsar=41

Nend=36

C: Video

E: Active robotic training 1
C: Conventional exercise

E: Virtual Reality exercises in standing |1
position.

C:Virtual Reality games inseated
position.

E: Conventional therapy + Balance trur| 1
control training using Virtual Reality 1
Microsoft Kinect or Nintendo Wii Fit 1
C: Conventional therapy

E: Robotic gait training device with virtui §

reality assistance 1
C: Robotic device only q
E: Virtual reality treadmill training 1

C: Traditional training

E: Gait training + Constraimnduced
movement therapy.
C: Gait training only

E: Virtual reality 1
C: Control group

E: ankle dorsiflexion therapy with 1
augmented reality (AR)ased EMG q
triggered functional electric stimulation

on the tibialis anterior 1

C.EMGtriggered FES alone

10-meter Walk Test immediately after
intervention and at 8 weeks (+)

Chedoke McMaster Stroke Assessment Sce
Leg domain (+)

Berg Balance Scalg (
Timed UpandGo Test+)
Centre of Pressure)(

Gait velocity (+)

Distance walked (+)

Number of steps taken in the community (+]
Centre of Pressure related measures during
quiet stance: mediolateral sway (+)
Symmetric index and sway excursig@r)

Level walking-{

1 Dynamic Balance (+)

Postural control ability [postural assessmen
scale] (+)

Motor ability [modified motor assessment
scale](+)

Medial gastrocnemius plantarflexig)
Lateral gastrocnemius plantéexion and
dorsiflexion(+)

Muscle strength during dorsiflexion and
plantarflexion(+)

1 Ankle Range of Motion

E: Virtual reality
C: No treatment control group

= ==

E: Virtual reality balance games + 1
standard group exercise therapy 1
C: Standard exercise 1
1
1
1

Functional Ambulation Categories (+)
Modified Motor Assessment Scale (+)

Timed Upand-Go Test+
Thirty-second sio-stand test {)
Tenmeter walk test<)
Sixminute walk test )

Baknce Score-|

Barthel Index-)

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Virtual reality technology has been used in subacute @manic stroke rehabilitationn this review, 21
studies were collectively analyzed to evaluate the effect of virtual reality on lower limb function and
balance. The studies delivered virtual reality either in combination with standard therapy or aluthe,
compared the effects either to standard therapy or to no therapy. While the majority of the studies
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http://www.ncbi.nlm.nih.gov/pubmed/?term=ucar+2014+Lokomat
http://www.ncbi.nlm.nih.gov/pubmed/?term=Virtual+Reality+Exercise+Improves+Mobility+After+Stroke+An+Inpatient+Randomized+Controlled+Trial
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exemplified high methodological quality, they were all low powered. There was high variability in the
virtual reality therapy that was used in terms iotensity, type, and the equipment used. Despite the
variability, there was no significant difference between using the Nintendo Wii and the PlayStation 2, as
both equipment types functioned to improve gait and balariEetz et al. 2013)Much less variality

was found in the outcome measures used. Balance was largely measured using the Balance Berg Scale
(BBS) and the Timddp and Go Test (TUG). Based on these measures, balance was found to significantly
improve following virtual reality therapy. The saraffect was found for cadence, suggesting that virtual
reality may be an effective adjunct therapy at improving lower limb impairments after a stroke. On the
other hand, conflicting findings were found for gait velocity and gait outcomes.

One study shoed that whether game play using a virtual reality system was supplemented with
standard therapy or not, no significant difference was found regarding balance, gait, and lower limb
function (Fritz et al. 2013)Conversely, supplementing virtual reality withbnstraint induced movement
therapy resulted in an improvement in dynamic balarig@gm & Cha 2015)Whether virtual reality
therapy was delivered either by a telerehabilitation system or in a clinic, no significant differences were
found on oriented mobity, while the results on balance were conflictifigorens et al. 2015) astly,
virtual reality therapy conducted in a standing position evoked greater improvements in leg function
compared to when the exercises were conducted in a seated pogoEwen et al. 2014)

In a recent systematic revieWorbetta et al(2015)evaluated the effects of virtual reality technology on
lower limb function after a stroke. The review analyzed results from 15 trials, showing that when virtual
reality therapy replaceé standard rehabilitation, walking speed, balance and mobility were significantly
improved (Corbetta et al. 2015)Conversely, when virtual reality therapy was delivered in addition to
standard therapy, only mobility was found to be improy&brbetta et & 2015) These findings suggest
that although virtual reality technology may provide some benefits when it supplements or replaces
standard therapy, more research is needed to determine if these effects are clinically relevant.
Furthermore, it is also imgrtant to consider the severity of the stroke as well as the time stistke to
determine the ideal group of patients that can benefit the most from this intervention.

Conclusions Regarding Virtual Reality Training in Gait Training

There is level 1a ahlimited level 2 evidence that virtual reality combined with treadmill training
may improvegait and balancepost stroke.

There is level 1a and level 2 evidence that virtual realigsed interventionscompared to
conventional therapymay improve balane; however evidence is conflicting for gait outcomes.

Virtual reality may improve gait and balance when combined with treadmill training. When
delivered alone, it may only improve balance.

9.44 Feedback

The provision offeedbackbased training has beeused as a method to help improve balance and
mobility-related activities. Providing individuals with additional sensory information through the use of
visual cues or auditory means may be an effective way to improve motor performaFive.type of
feedback provided varies to a large degree and includes but is not limited to auditory stimulation, action
observation, and biofeedback methods. Research suggests that more focus needs to be given to the
type/amount of attention therapistsprovide to patients h rehabilitation (Johnson et al. 2013)as
attentional focus (feedback to patients drow they perform motor tasks) during gait rehabilitation has
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system, EMG signals, etc.), as part of the rehabilitation prad@iodectively, feedback as associated
with medium effect sizes for the outcome of shoerm and longterm improvement in lowetimb
activities (SMD=0.41;95% CI 0.21 to 0.62 and 0.41, 95% CI 0.06 to 0.75, respelctieaigyiew by
Zijlstra et al(2010, whichassessdthe effectiveness of biofeedback among the frail elderly, post stroke
patients and older persons having undergone lowienb surgery, application of biofeedback during
balance training or during sib-stand transfersvas found to be an effective means for imping such

tasks poststroke.

The results of trials that evaluated some form of feedback as part of a rehabilitation trainingaprog
are summarized in Table 9.4.4.1

Table 9.4.4.1Summaryof RCTs Evaluatingeedback

Author, Year
Study Design (PEDre&e)
Sample SizéN)
Barcala et al(2013)
RCT9)
NStart:20
Nen=20
Khallaf et al(2014)
RCT (8)
NStart:16
NEnd:]-6
Jung et al(2015)
RCT (8)
Nstart =22
NEm:2l

Dorsch et al(2015)
RCT (7)

Nsiar=151
Nen125

Sungkarat et al2011)
RCT (7)
N=35

Kim et al(2013)

RCT (6)

Nstar=30

Nend=27

Winchester et al(1983)
RCT (6)

N=40

Morris et al.(1992)
RCT (6)

Intervention

Main Outcome(s)
Result

E: Balance training with visual biofeedback | 1 Stabilometry {)
using Wii Fit + Conventional physical therapy 1 Berg Balance Scalg (

C Conventional physical therapy

1 Timed Upand-Go Test+)
1 Functional Independence Measurg (

E: Intensive mobility training +walking progre 1 Maximum force values and time of conta:

with biofeedback from pedography.

C: Program of strengthening muscles and ge

training with a solid ankle foot orthosis

(+)

E: Gait training with a with auditory feedback 1 Surface electromyography for the

C: Gait training with a cane without auditory

feedback

E1: Speeanly feedkack group
E2: Augmented feedback.

E: Insole shoe wedge and sensorsget
C: Conventional programme

EL: Action observation training
E2: Motor imagery training
C: Physiddraining

E: Positional visual auditory feedback
stimulation

C: Physical thrapy

E: Electrogoniometric feedback

C: Standrd physical therapy

difference in muscle activation of the
gluteus medius and vastus medialis oblic
on the affected side versus unaffted side
(+)

1 Average daily time spent walking (

1 Walking Speed)

1 Functional Ambulation Category)

1 Stroke Impact Scale)(

1 3-minute Walking Distance)(

1 Standing and gait symmetry (+)

1 Gait speed (+)

1 Step length asymmetry ratio (+)

1 Single support time asymmetry ratio (+)

1 Berg Balance Scale (+)

1 Timed Upand-Go Test (+)

1 Cadence (+)

1 Single Limb Support of Affected Side (+)

1 Ankle range of motion-}

1 Knee extensor torque (+)

1 Spasticity of the involved knee) (
1 Knee hyperextension (+)

1 Gait recovery (+)
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N=26

Dobkin et al(2010)

RCT (6)
N=179

Varoqui et a(2011)

RCT (6)
N=24

Chung et al(2014)
RCT (5)
Nstar=29
Nend=19

Eun Cho et a(2015)

RCT (5)
Nstar=40
NEnd:40

Basmajiaret al. (1975)

RCT (5)

N=20

Wong et al(1997)
RCT (5)

N=60

Schauer et al2003)

RCT (5)
N=23

Kim & Oh(2012)
RCT (5)
N=20

Chae et al(2011)
RCT (5)
N=21

Kim & Kim(2012)
RCT (4)
N=30

Lee et al(2013)
RCT (4)
NStart:22
NEnd:22

E: Feedback about sedtlected fast walking

speed

1 Walking speed at discharge (velocity) (+)
1 Functional Ambulation Classification (

C: No reinforcement of speed after the walk | 1 Distance walked-].
E1: coordination biofeedback originating fror| § FIM: E1 vs C (+); E2 vs C (+)

the unaffeded side

E2: coordination biofeedback originating fror|

the affected side
C: Performance of a stangp task

1 Berg Balance Scalg (

E: Reatime feedback during core stabilizatiol 1 Charges in Stride length (+)

exercise i

C: Core stabilization exercise without real tin

feedback

E1: Action Observation Gait training
E2: General Gait Training

1 Changes in Single support time (+)

1 Timed Upand-Go Test (+)
1 10-meter Walking Test (+)
1 Sway area-j

1 Sway speed|

1 Limit of stability {)

E: 20 minutes of therapeutic exercise plus 2( 1 Range of motion (+)

minutes of biofeedback training
C: 40 minutes of therapeutic exercises

1 Strength of dorsiflexion (+)

E1: Standing training table + performance of| 1 Percentage of postural symmetry: E2 vs

pushing and pulling load tasks using resistivs

movements of the upper limb

E2: Standing biofeedback training device
E: Therapy sessions with musical motor
feedback

C: Conventional gait therapy

E Walking comfortablyt their own speed
while listening to a metronome beat
C Overground walking

E: Spinal stabilization exercise + Visual
biofeedback
C: Conventional physiotherapy

E: Ation observation using video
C: Stretching program

E: Visual feedback training
C: Conventional rehabilitation program

(+)

1 Immediate larning effect: E2 vs E1 (+)

1 Gait velocity (+)

1 Stride length (+)

1 Gait symmetry (+)

1 Foot rollover (+)

1 Path length (+)

1 Gait cadence (+)

All gait parameters:

1 Affected stride length (+)

1 Affected single support time (+)
1 Non-affected single support (+)
1 Gait Velocity (+)

1 Velocity )

1 Cadence-}

1 Step length )

1 Step Length Asymmetry Ratig) (
1 Single Support Time AsymmefRatio )
1 Functional Ambulation Profile)(

1 Step length (+)

1 Single support time (+)
1 Double support time (+)
1 Velocity (+)

1 Cadence (+)

1 Speed of Sway (+)

1 Velocity (+)
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Jung et al(2011) E: 3D exercise group (Visual feedback) 1 Berg Balance Score (+)

RCT (4) C: Weight shifting exercise group 1 10-meter Walk Test-{
N=22
Ki et al.(2015) E: Gait training and neurodevelopmiah 1 Timed Upand-Go Test+
RCT (3) treatment, and auditory feedback during gait| 1 Stance )
Nstar=30 training 1 Single Limb Stance) (
Nen&25 C: Same gait training, without auditory

feedback
Ceceli et al(1996) E: Trained using a jokpositioning 1 Degrees of recurvation (+)
RCT (3) biofeedback device
N=41 C: A conventional therapy group consisting ¢

exercising pelvis and hip control and weight

shifting
Aruin et d. (2003) E: Gait training with a feedback device 1 Recovery of step width (+)
RCT (2) C: Conventional gait training
N=16
Krewer et al(2013) E1:Galvanic vestibular stimulation 1 Scale for Contraversive Pushinp (
PCT E2: Drivergait orthosis Lokomat
Nstar=25 E3: Physiotherapy with visual feedback
Nen24 components.

- Indicates nosstatistically significandifferences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

There are a number of different types of devices and protocols that have been evaluated in the
rehabilitative sector of stroke car&he type of feedback can be sensory specific such that it can either
provide auditory, visual or somatosensory cues corresponding the motor output of the patient. Auditory
feedback delivers audible sounds/tones during an exercise to correct or indisatzassful movement.

In stroke rehabilitation, only a few studies have used this method to determine its effect on impaired
lower extremity function. Studies demonstrate that gait parameters and muscle activity are significantly
more improved following auitbry feedback compared to when auditory feedback is abgéimSeop &
DuckWon 2012; Jung et al. 2015; Morris et al. 1992; Schauer & Mauritz .2888%ory feedback and
biofeedback with various gait training devices were also found to improve gait pteesri@wever, the
evidence is still limited and more studies are needed to confirm these find{Aggin et al. 2003;
Basmajian et al. 1975; Ceceli et al. 1996; Dorsch et al. 2015; Khallaf et al. 2014; MK et .aV/i49al7)
feedback or action observatiois characterized by a visual output in response to a motor input. All
studies in this review evaluated the use of different devices to provide auditory feedback and thus far,
the evidence is conflicting and insufficient to draw meaningful conclusiorsdiey their effectiveness

at improving balance, gait and lower limb function.

Conclusion Regarding Feedback
There is level 1a and level 2 that auditory feedback may improve gad muscle activity

There is limited and conflicting level 1a and ld\& evidence regarding the effect of visual feedback
on balance and gait.

Auditory feedback may improve gait and muscle activity.
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9.45 EMG / Biofeedback

Biofeedback therapy has been used as a means to improve gross motor function, which will lead to
improvements in standing balance and gait, using either auditory or visual feedback. Although the
treatment has been widely used for many years, and many systematic reviews published, questions still

remain regarding its effectiveness. Moreland and collesgooncluded that EMG biofeedback was an
effective adjunct to stroke physiotherapy in the lower limb but not in the upper l{Mbreland &
Thomson 1994; Moreland et al. 1998)hile Glanz et alid not find evidence of a beneffGlanz et al.

1996)

A chrane reviewevaluating EM&iofeedback treatment, with either a sham or no treatment control,

on motor recovery following stroke was recently publisi#doodford & Price 2007)The results from

13 RCTs involving 269 subjects were included assessingeread both the lower and upper extremity.

In terms of outcomes germane to the lower extremity, no benefit of treatment was found for any of the
pooled outcomes including range of motion (knee, ankle), change in stride length, change in gait speed
or charge in gait quality scores.

Table 9.4.5.1 Summary dRCTs EvaluatingMG/Biofeedback Treatment in the Lower Extremity

Author, Year

Main Outcomgs)

Study Design (PEDro Score Intervention Result
Sample Size
Jonsdottir et al(2010) E1: Taslspecific training 1 Ankle power (+)
RCT (7) E2: Conventional therapy that included | 1 Gait velocity (+)
N=20 taskspecific training 1 Stride length (+)
E3: Conventional therapy plus EMG 1 Knee flexion
biofeedback
Lee et al(2015) E: Neurofeedback (biofeedback provided | 1 Dual task performance test (+)
RCT (6) with brain wave control stimiation) 1 Gait velocity (+)
Nstar=25 C Pseudeneurofeedback (sham 1 Cadence (+)
Nen=20 neurofeedback training) 1 Plantar Foot pressure of entire foot and
forefoot (+)
1 Brain wave activity Test (+)
Cozean et al1988) E1: Electromyaraphic Biofeedback 1 Knee flexion (+) (E3 vs C)
RCT (6) E2: Functional electrically stimulation 1 Ankle dorsiflexion (+) (E3 vs C)
N=36 E3: Combined therapy with BFB and FES
C: Control therapy
Burnside et al(1982) E: Exercise program + EM@®feedback 1 Strength of Dorsiflexion (+)
RCT (6) C: Exercise program + Sham EMG 1 Active Range of Movement at the ankkg (
N=22 1. FaYlraAlyQa NI @lhaya () a

Bradley et al(1998)
RCT (6)
N=21

Intiso et al.(1994)
RCT (6)
N=16

Mandel et al(1990)
RCT (4)

1 Medical Research Coungi) (

E: Electromyography biofeedback training 1 Active movement-
Physiotherapy 1 Mobility (-)
C: Physiotherapy 1 Activitiesof daily living {)

E: Electromyography biofeedback (EMG | 1 Barthel Index)

BFB) +Physical therapy (without standard § Step length+)

exercises) 1 Velocity )

C: Physical therapy + Bobath method, wit| 1 Ankle dorsiflexion in swing phase (+)
standard eercises 1 Basmajian rating scale for gaij (

E1l: Received only EMEFB treatmat
E2: Received EMBFB 1 half of treatment

1 Walking Speed: E1 vs C (+); E2 vs C (+)
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N=37 and then rhythmic positional BFB for thé'’?

half.

C: No treatment
Mulder et al.(1986) E: EMGeedback in the rdearning of motor| 1 Range of Motion-}
RCT (3) control to the 1 Gait ¢)
N=12 C: Conventional physical therapy procedu

(NDT)

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant diféaces between treatment groups

Discussion

A variety of EM&iofeedback interventions have been studied in the stroke population. Thus far, this
review found conflicting findings regarding the effects of this intervention on lower limb function,
specificdly pertaining to gait kinematics. In a systematic reviewShgnton et al(2011) a total of 19

RCTs were included in the analysis scoring a mean of 5.7 on the PEDro scale for methodological quality.
The results of the metanalysis revealed a signifidaeffect of biofeedback on lower limb activities at
postintervention. However, the study also has several limitations which may have led to an
overestimate of the biofeedback effect. The outcomes measured varied between studies and the time
since stroke s also not consistent as it ranged from acute to chronic. The small trials limited the
power of the studies and the lack of blinding may have introduced bias in the collection/analysis of the
data. The need for larger trials is therefore evident to detirenif this intervention is beneficial at
improving lower limb impairments.

Recent evidence has yielded more consistent resdtiasdottir et al(2010)reported improvements in
ankle power, gait velocity and stride length in individuals who underwenvexational therapy plus
EMG biofeedback compared to their conventional therapy counterparts. More recédmdy,et al.
(2015) demonstrated increases in gait velocity, cadence and -thsd performance in the
neurofeedback group compared to the shame ndammback control group. Further research is
required to determine if EM@iofeedback has a significant effect on lower limb stroke recovery.

Conclusions Regarding EMG/Biofeedback Treatment in Lower Extremity

There is conflicting level 1a and level 2 dence regarding the effect of EMG/Biofeedback on lower
limb function following stroke.

The evidence for the effectiveness of ENB®feedback is conflicting and limited. Further research
is required.

9.4 6 Bilateral Leg Training

Bilateral arm training hebeen used with some success in the rehabilitation of the upper extremity. As a
result, a single group of researchers questioned whether the technigue could also be used effectively in
the lower extremity.

Table 9.4.6.1Summaryof Bilateral Leg Training

Author, Year
Country Methods Outcomes
PEDro Score

Johannsen et a(2010) | E: Acustommade device (BLETRAC) enabling various | 1 FugtMeyer Scalég-)
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RCT (7) bilateral coordination patterns 1 10-meter Walk Test-|
N=24 C: evice enabling bélteral arm movements (BATRAC), | 1 Step Length-}
which rved as the control condition
+ Indicates a statistically significant difference between treatment groups
- Indicates a nosstatistically significant diffrence between treatment groups

Discussion

One RCT was used in this review to determine the efficacy of bilateral leg exercises to aid in lower limb
recovery following a stroke.Johannsen et ali2010)tested a custom made device enabling various
lower imb bilateral movements against a device enabling bilateral upper limb movements serving as the
control group. Results showed no significant difference in-Mayler Scale, 1tnheter Walk Test nor

Step Length between the lower limb and upper limb groupggssting that bilateral leg training with a
custommade device does not improve lower limb motor function.

Conclusions Regarding Bilateral Leg Training

There is level 1b evidence that that bilateral leg training with a custenade device may not
improvelower limb motor function.

More research is needed to determine the effectiveness of bilateral leg training on lower limb
motor function.

9.4.7 Motor Imagery/ Mental Practice

The use omotor imagery(MI) or mental practicdMP)as a means to enhangeerformance following
stroke was adapted from the field of sports psychology. In athletes, this technique has been shown to
improve athletic performance when used as an adjunct to standard training methods. The technique, as
the name suggests, involves isrsing a specific task or series of tasks, mentally. A series of small trials
have adapted and evaluated the effects of mental practice as a treatment following stroke. Mental
practice can be used to supplement conventional therapy and can be used stagigyof recovery. The

use ofMP following stroke has been studied predominantly in the recovery of upper extremity function
(Module 10); howeversome research has been done looking at the application of MP in the recovery of
lower limb function. Systentia reviews exploring the efficacy of MP in stroke rehabilitation (upper and
lower limb trials together) have been conductéBraun et al. 2013; Bhennawy & BWNishy 2012)

While there is some evidence for MP in improving functional recovery of chrtnoicespatients(E+
Shennawy & BNishy 2012)there is a lack of evidence for MP improving outcomes related to mobility
(Braun et al. 2013) Overall, the authors of the reviews note that evidence is limited, results are
equivocal, and it is unclear aswahether or not improvements are retained over time.

Table 9.4.7.1 lists studies examining mental practice incorporated or as an adjunct to lower limb
rehabilitation.

Table 9.4.7.5Summary ofRCTs Evaluatingental Practice andotor Imagery

Author, Yer Intervention Main Outcomg(s)
Study Design (PEDro Score Result
Sample Size
Braun et al(2012) E: Mental practice 1 Seltperceived performance
RCT (7) C: Conventional rehabilitation 1 Rivermead Mobility Index)X
N=36 9 Berg Balance Scal¢ (
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1 10-meter Walk Test-|
1 Barthel Index)

Schuster et al(2012) E: Mental imagery + physiotherapy 1 Time difference in performance)(

RCT (7) C: Listened to audio tapes

N=41

Malouin et al.(2009) E1: Mentalpractice + physical practice 1 Limb loading during both rising and

RCT (6) E2: Physical practice + cognitive training sitting: E1 vs E2 (+); E1 vs C (+)

N=12 C: No training

Hosseini et al(2012) E: Mental practice sessions + conventional 1 Timed Upand-Go Test (+)

RCT (6) therapy 1 Berg Balance Scale (+)

N=30 C: Conventional therapy

Lee et al(2015) E: Proprioception traiimg that consisted of tasks 1 Berg Balance Scale (+)

RCT (6) on a balance pad and motor imagery training |1 Timed Upand-Go test (+)

Nstart =36 C: Proprioception training only 1 Joint position sense error (+)

Nen =36 1 Affected/Unaffected side weight bearing
ratio (+)

Cho et al(2013) E: Motor imagery 1 FugtMeyer Assessment (+)

RCT (6) C: Gait training 1 Timed Upand-Go Test (+)

Nstar=28 1 10-minute Walk Test (+)

NEnd:28

Park et al(2013) E: Functional Electrical Stimulatiovideo 1 Weight distribution (anterioposterior)

RCT (4) C: Functional Electrical Stimulation without (+)

Nstar=20 training video 1 Weight distribution (rightieft) (+)

Nen=20 1 Stability Index (+)

- Indicates nosstatistically significant differences between treatmt groups
+ Indicates statistically significant differences between treatment groups

Discussion

Research on mental imagery however, is much more consistent. Not only does mental practice yield the

1 Gait velocity (+)

same gait and balance outcomes as conventional rehatidit (Braun et al. 2012)but when combined
with physical training, mental practice improves both balance and(gisseini et al. 2012; Malouin et

al. 2009) Furthermore, mental imagery has also shown significant improvement in balance and gait

performance when combined with proprioception trainir{gee et al. 2015)gait training(Cho et al.
2013)and functional electrical stimulatiofiPark et al. 2013)

Conclusions Regarding Mental Practice

There is level 1a and limited level 2 evidence that mergedctice/motor imagery may improve gait
and balance outcomes.

Mental practice or motor imagery may improve gaitra balance outcomes posttroke.

9.48 Horse Riding Simulation/ Hippotherapy

Horse riding stimulation / hippotherapy has not been widelge@ched as a rehabilitative therapy for
lower limb recovery posstroke but has received recent attention. The rhythmical and repetitive
movement of the horse stimulates all of the senses and has been reported that this is similar to the
movement patternof the pelvis when a person is walkif@unningham 2009)As a result, hippotherapy

has garnered attention as a rehabilitative method for lower limb stroke recovery.
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Table 9.4.8.1Summary ofStudies Evaluatingdippotherapy

Author, Year Main Outcome(s)
Study Design (HBro Score) Intervention Result
Sample Size
Sung et al(2013) E: Hippotherapy simulator 1 Gait performane ()
RCT (6) C: Conventional rehabilitation 1 Time in step length-)
Nstar=20 1 Stance phase)
Nen=20 1 Swing phase-)
1 Cadence-}

1 Single support and load response (+)
1 Double support-)

Lee et al(2015) E: Hippotherapy 1 Berg Balance Scale (+)

RCT (6) C: Sham therapy 1 Timed Up and Go test (+)

Nstar=25 1 Beck Depression Inventory (+)

Nen=20

Lee, Kim, Yong et 42014) E: Hippotherapy. 1 Step length asymmetry ratio (+)

RCT (5) C: Treadmill training 1 Berg Balance Scal (

Nstar=30 1 Gait velocity {)

NEnd=3O

Baek et al(2014) E: Horse riding simulation training that | 1 Centre of pressure (COP) path length (+)
RCT (4) simulates thiee directional movements. |1 COP travel speed (+)

Nstar=30 C: Trunk exercises using Swiss balls.

Nend=30

Beinotti et al.(2010) E: @nventional therapy and horse therap) § Functional Ambulation Category) (
PCT (hippotherapy) 1 FugtMeyer Assessment Scale (+)
Nstar=20 C: Conventional treatment 1 Berg Balance Scalg (

Nen=20 1 Cadence-j

Han et al(2012 E: Mechanical horseback riding therapy 4 1 Balance Part of Performance Oriented
PCT conventional therapy Mobility Assessment (BOMA): sitting-{;
Nstar=37 C: Conventional therapy standing {); dynamic balance (+)
Nen=37 1 Berg Balane Scale (+)

1 Functional Ambulation Scale (
1 Gait Part of Performance Mobility Assessme
(GPOMA)Y)

- Indicates nosstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Limited evidence exists as to the efficacy of hippotherapy as a treatment for lower limb stroke recovery.
Recent evidence suggests that hippotherapy does not improve gait outcomes compared to conventional
rehabilitation (Sung et al. 2013)r treadmill training(Lee et al. 2014) However, there is evidence to
suggest that hippotherapy does improve foot press(eng et al. 2013nd centre of pressure length

and speedBaek & Kim 2014)Furthermore, there is conflicting evidence of the effethippotherapy

on balance outcomes.Lee et al. (2014) reported no improvement in berg balance scale scores
compared to treadmill training, wheredsee et al.(2015)showed an increase in berg balance scale
scores in hippotherapy treatment compared to sham therapy. Additionally, two prospective
controlled trials reported conflicting results for balance outcomes widm et al.(2012)reporting an
increase in balance scores amikinotti et al. (2010) showing no significant difference between
hippotherapy paired with conventional treatment and the control conventional treatment.
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Conclusions Regarding Hippotherapy

There is level 1a and level 2 evidence that hippotherapy may notroup gait outcomeshowever
there may be an improvement on foot pressuféhe evidence for balance is conflicting.

Hippotherapy may not improve gait outcome#ore research is needed to determine the effect |of

hippotherapy on balance.

9.4.9 Rhythmic Auditory Stimulation
Rhythmic auditory stimulation is a form of gait theragyat involves the sensory cuing of motor
systems. The rhythmic auditory stimulus provides a time reference for motor gait response. The gait

response and the auditory stimulus develop into a stable temporal relatiorf$higut et al. 1997) As a
result, researchers are interested in the effects of rhythmic auditory stimulation on lower limb stroke

recovery.

Table 9.4.9.1 Summary ®CTs Evaluatinghythmic Auditory Stimulation

Author, Year Main Outcome(s)
Study Design (PEDro Score Intervention Result
Sample SizéN)
Suh et al(2014) E: Rhythmic auditory stimulation 1 Overall stability index of the standing
RCT (9) C: Gait traimig without rhythmic auditory balance parameter (+)
Nstar=16 stimulation 1 Mediolateral index of the standing
Nen16 balance parameter (+)
1 Anteroposterior index (+)

Cha et al(2014) E: Rhythmic auditory stimulation (RAS) training 1 Gait velocity (+)
RCT (7) with intensive gait training 1 Cadence (+)
Nstar=20 C Intensive gait training without RAS 1 Stride length (+)
Nen=20
Thaut et al(2007) E: Program of rhythmic auditory stimulation 1 Gait velocity (+)
RCT (7) C: Neurodevelopmntal therapy (NDT)/Bobath |1 Stride length (+)
N=78 based training 1 Cadence (+)
Jeong& Kim (2007) E: Program of RABuscle movement program |1 Ankleextension(+)
RCT (5) C: Usual care 1 Ankle flexion {)
N=33
Thaut et al(1997) E: Gait training with the addition of rhythmic | 1 Velocity (+)
RCT (4) auditory stimulation 1 Stride length (+)
N=20 C: Twicedaily gait training

- Indicates nonstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

The effective of rhythmic auditory stimulation on lower limb stroke rehabilitation in current rekear
relatively consistent. Thaut et al.(2007) determined that a rehabilitation program consisting of
rhythmic auditory stimulation is more effective in improving gait and balance compared to
neurodevelopmental therapy. Various other studies have reggbliimprovements in both gait and
balance with rhythmic auditory stimulation compakéo traditional gait therapyCha et al. 2014; Suh et

al. 2014; Thaut et al. 1997However, it is important to note that these studies contained relatively low
sample sies. There is limited evidence to suggest RAS improves ankle flexion and extension, however

9. Mobility and the Lower Extremity

www.ebrsr.com

pg.43of 177


http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+rhythmic+auditory+stimulation+on+gait+and+balance+in+hemiplegic+stroke+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Intensive+gait+training+with+rhythmic+auditory+stimulation+in+individuals+with+chronic+hemiparetic+stroke%3A+A+pilot+randomized+controlled+study
http://www.ncbi.nlm.nih.gov/pubmed/?term=thaut+2007+stroke
http://www.ncbi.nlm.nih.gov/pubmed/17693215
http://www.ncbi.nlm.nih.gov/pubmed/9349677

some evidence suggests an increase in range of motion for extension but not f[@e@my & Kim
2007)

Conclusions Regding Rhythmic Auditory Stimulation

Thereis level 1a and level 2 evidence that rhythmic auditory stimulation training may improve gait
and balance outcomesowever there is limited evidence for its effect on ankle range of motion.

Rhythmic auditory stimulation training may improve gait and kmice outcomes posstroke. |

9.4 .10 Mirror Therapy

Mirror therapy has been used to improve upper limb motor function in stroke patients (see Module 10)
and has been suggested to improve postural stability when used to rehablbtatr limb impairments.

The therapy involves the use of a mirror to watch their own reflection when performing exercises, thus
recognizing errors in their posture or movement.

Table 9.4.10.1 Summary of RCTs Evaluating Mirror Therapy

Author, Year Intervention Main Outcomg(s)
Study Design (PEDro Score Result
Sample Size
Cha et al(2015) E: Mirror therapy + rTMS 1 Balance Index (+)
RCT (8) C: Mirror therapy + Sham rTMS 1 Dynamic limits of stability (+)
Nstar=36
Nen=36
Mohan et al.(2013) E:Mirror therapy 7 FugtMeyer Assessment)
RCT (7) C: Conventional therapy 1 Brunel Balance Assessment (
Nstar=22 1 Functional Ambulation Category) (
NEnd:22
Discussion

A study conducted b¢han et al(2015)found that mirror therapy in combination with rTMS is effective
in improving balance in postroke patients compared to the nerTMS control group. However,
research also suggests that mirror therapy alone is not sufficient for improving functionalergcov
balance or gait when compared to conventional therdMohan et al. 2013)These findings suggest
that mirror therapy may be effective in lower limb stroke recovery in combination with other proven
recovery methods.

Conclusions Regardingirror Therapy
There is level 1b evidence that mirror therapy combined with repetitive transcranial magnetic

stimulation may improve balancehowever, when provided alone, level 1b evidence indicates no
additional benefit for lower limb function compared to conventiahtherapy.

Mirror therapy in combinaion with rTMSimproves balance; however, when delivered alone, mirror
therapy does not provide additional benefitéo gait and lower limb motor function relative to
conventional theapy.
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9.4.11 SelfManagement Programs

Selfmanagement programs involve sefionitoring and modification of onebehaviour (Dinsmore et
al., 2008) Seltmanagement requires individuals to identify and solve problems, internal motivaiial
reflecting and improving on past experiences with the direction of otli@cverover et al. 2007 5elf
management programs have not been extensively researched, but may dpplizationsin stroke
rehabilitation.

Table 9.4.1.1 Summary ofRCTs Evahting SelfManagement Programs

Author, Year Main Outcome(s):
Study Design (PEDro Scol Intervention Result
Sample Size
Lindvall& Forsberg(2014) | E: Body awarenesherapy 1 Berg Balance Scalg (
RCTY) C: Conventional care i Timed Upand-Go Test)
Nstar=46  6-minute walk test {)
Nend=42 I TUG & Cognitive Tes) (
1 Activitiesspecific Balance Confidence Scaje (
9 Short Form36 ()
1 TimedStands Test)
Liu& Chan(2014) E: Seklregulation therapy 1 Functional Independence MeasuceMotor (+)
RCT(7) C: Functional rehabilitation 1 Functional Independence MeasucgCognitive {)
Nstar=46 1 Fugl Meyer Assessmen) (

Nen=44 1 Colour Trials Test)(
- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatngnoups

Discussion

There is limited, although consistent, evidence suggestingmsmifagement programs may not improve
gait and balance measures pesttoke (Lindvall & Forsberg 2014; Liu & Chan 2014y et al(2014)did
report evidence of increased ator functional independence in the sakgulation group compared to
the control group. Overall, the limited results suggest that-sefhagement programs may not be the
optimal method for lower limb recovery following stroke.

Conclusion Regarding Séfanagement Programs

There is level 1a evidence that seifanagement programs ray not improve gait and balance.

Selfmanagement programs may not improve gaitr balancepost stroke.

9.4.12 Caregiver Mediated Programs

A major component of stroke rehabilttan is exercise that continues beyond patient discharge.
Caregiver mediated programs allow primary caregivers to assume responsibility for-dazead
exercise programs following patient discharge. There is limited research testing the efficacy ofecaregiv
mediated programs.

Table 9.4.2.1 Summary oRCT<aregiver Medicated Programs

Author, Year Main Outcome(s):
Study Design (PEDro Score Intervention Result
Sample Size
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Wang et al(2015) E Personalized caregivenediated home | Stroke Impact Scale (+)
(RCTB based training | Berg Balance Scale (+)
Nstar=51 C: Traditional physiotherapy visits wittou | § 10-meter Walk Test (+)
Nen=51 intervention 1 6-minute Walk Test (+)

1 Barthel Index (+)

1 Caregiver Burden Scalg (

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistilly significant differences between treatment groups

Discussion

Only one study was used in this reviéWang et al. 2015)Wang et al(2015)tested various outcomes
between personalized caregivarediated homebased (CHI) training and a control groupttheceived
physiotherapist visits without intervention. Results suggest that CHI training is significantly more
effective in improving gait and balance pattoke compared to the control group (Wang et al., 2015).
Furthermore, the results suggest thtitere was no difference in the burden of the caregiver compared
to the control group(Wang et al. 2015)Therefore, caregiver mediated programs may be and effective
method to improve gait and balance pestoke.

Conclusios Regarding Caregiver Mediateddyyrams

There is level 1b evidence that caregiver mediated programs may improve gait and balance
outcomes.

Caregiver mediated programs may improve gaind balance outcomes positroke; however
additional research is need.

9.5 Strength Training

9.5.1 Weakness PosStroke

Weakness has been defined as inadequate capacity to generate normal levels of musc{Midecet

al. 1998) Gray et al(2012)revealed that patients experience decreases in muscle fibre leagthlean

muscle mass, although thatter increases in the upper extremities. Neural input to the muscle are
reduced resulting in weakness and a decrease in muscle fibre length which the fibres may adapt to if the
muscle is not moved through the full range of moti@@ray et al. 2012)Iin cantrast, Klein et al(2013)

did not find any significant differences in muscle volume or atrophy between the contralesional and
ipsilesional limbs in relation to weakness but did report smaller levels of maximal voluntary contraction
torgue in the contralsional limb which was associated with deficits in twitch interpolation (activation)
and electromyographic amplitude. Significant reductions in IndikenGrowth Factor 1 (IGF1) and IGF
Binding Protein 3 (IGFEF have also been found to be potential biarkers for decreases in muscle
strength with each serum correlated with concentric extensor peak torque of thepaoetic limbs, and

peak torque, work and power of the paretic limbs respectiy&ijvaCouto Mde et al. 2014 Miller et al.

have noted thatweakness as a prominent concern in hemiplegic or hemiparetic stroke patients is
sometimes overshadowed over concerns about treatment of spasticity and synergistic movements
(Miller et al. 1998) Miller et al.(1998 also reported that Fenischel and Dar¢f©®64) had noted that
because muscles with hyperactive stretch reflexes demonstrate atrophy, spastic muscles could become
weak.
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9.5.2 Relationshifpetween Strength and Functional Activities Post Stroke

Correlational studies have examined the relatiopsibetween lower limb strength and functional
capabilities post strokegBohannon 1986, 1987, 1988, 1989, 1992; Bohannon & Andrews 1990;
Bohannon & Walsh 1992; Bohannon et al. 1991; Lindmark & Hamrin 1995; Miller et al. 1998; Sunderland
et al. 1989) Thesestudies have revealed positive, statistically significant correlations between the
strength of specific muscle groups and a variety of functional attributes. For example, research has
shown that ankle dorsiflexion strength of the affected leg followin@lstris a statistically significant
predictor of walking performancéNg & HuiChan 2012)Furthermore, a nonlinear relationshifas been

found between walking performance and muscle strength in the lower extremities, suggestive of a
threshold which muscletrength is sufficient to perform functional activity (walking spegcrvalho et

al. 2013) Fayazi et al. (20)4also reported a significant correlation between lower extremity strength
and multiple functional mobility measures but found no relationgbiween lower limb spasticity and
mobility. However, Miller et al(19989 y2 i SR G KIF X aNB&adz 64 aK2dzZ R 0S5
uncertainties associated with the validity of strength assessment in these patients. Furthermore
correlation studies do nok Y F SNJ Ol dza I (i Ac@rglatiénadl study, masyleSstreyigthyalone had
been found to account for 29% of the variance on thb&re Walk Test and this increased to 70%
when confounders such as spasticity, balance and comorbidity were entered imtgression model
(Moriello et al. 2011) The authors suggest that strength training, with particular emphasis on the hip
flexors in the supine position, would be beneficial to walking al{i\tgriello et al. 2011)

9.5.3 Strength Training

Muscle strengtlening as an intervention is designed to improve the fegeeeration capacity of
hemiplegic limbs post stroke and enhancing functional abiliff@sster and Younl995)noted that,
GOdZNNBY i LIKeaAz2dKSNI LR LINEZINI YYSi#haRBeenyaryied thay Of dzR S
strength training increases spasticifigobath 199@). Since this statement was made, several studies
have provided evidence that resistive training in the lower limb can produce strength gains for stroke
patients (Engardt et al. 995; Sharp & Brouwer 19973ome research demonstrates thstrengthgains

may not translate into improved functional performanf#&eiss et al. 20008nd that training might be

most effective if it is specific to the desired outcorfiég & Shepherd 2000 systematic review of
resistance strength training, authored by Morris et @004)included three RCT@ourbonnais et al.
2002; Giuliani et al. 1992; Inaba et al. 19@8)well as five noexperimental studiegButefisch et al.
1995; Engardt et al. 199Karimi 1996; Sharp & Brouwer 1997; Weiss et al. 200@ye was evidence

that progressive resistance strength training increased muscle strength following stroke, without
increasing spasticitfhoweverthe potential beneficial effects on functional oaime were uncertain.

The variability of training methods and the intensities of the strertghining programs make general
statements of conclusions difficult.

An additionalsystematic reviewby Ada et al(2006) that included interventions for both ugw and

lower extremities, showed an overaieatment effect[0.33 standardized mean difference (SMB%%

Cl: 0.13 to 0.54, p=0.001}jor thestrengthening interventionsThe overall effect on activity was 0.32
SMD (95% CI: 0.11 to 0.53, p=0.002). Thess no significant treatment effect for the reduction of
spasticity. The authors concluded that strengthening interventions should be a part of a stroke
rehabilitation program.

Table 9.5.3 Summary &®CTs Evaluatin§trength Training

Author, Year Main Outcome(s)
Study Cesign (PEDro Score) Intervention Result
Sample SizéN)
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Mares et al(2014)
RCT (8)
NStart:52
Nen=44

Mead et al.(2007)
RCT (8)
N=66

Clark & Patter{2013)
RCT (8)
NStart:35
Nend=33

Lee et al(2010)
RCT (8)
N=48

Kim et al(2001)
RCT (7)

N=20

Cooke et al(2010)
RCT (7)

N=109

Ouellette et al (2004)
RCT (7)
N=42

Kim et al(2015)
RCT (6)
Nstar=37
NEnd::-)’O

E: Functional strength straining for upper
limb
C: Functional strength training for lower lin

E: Strength and resistance exercise
C: Relaxation

E1: Eccentric resistance training + Gait
training

E2: Concentric resistance training + Gait
training

E1: Progressive resistance trainifiR({T) +
cycling

E2: PRT + Sham cycling

E3: Cycling + Sham PRT

E4: Sham cycling + Sham PRT

E: Maximal isokinetic strengthening

C: Passive range of motion

E1: Conventional Physiotherapy (CPTPH
E2: Functional strength training (FST) + ClI
C: Conventional physiotherapy

E: Progressive resistance training
C: Upper extremity stretching

E1: Affected side knee belt was fastened ¢
one-leg standing training using the less
affected side knee

E2: Affected side knee belt was fastened ¢
task-oriented training using the lesaffected
side knee

C: Both knee beltsf the tilt table were
fastened

1 Arm Research Action Test (+)

1 Functional Ambulation Categorie$ (
1 Modified Rivermead Mbility Index §)
1 Timed Upand-Go Test-)

1 9-Hole Peg Test)

1 Functional Independent Measure) (
1 Rivermead Moty Index ¢)

9 Sitto-stand Test

1 Elderly Mobility Score-X

1 Timed Upand-Go Test+)

1 Eccentric power gains (+)

1 Concentric power gains (+)

1 Paretic Rectus Femoris activation (+)
1 Paretic Vastus Medialis activation (+)
1 Selfselected speed]

1 Fastest walking speed)(

1 Net change in agonist activation (
PRT vs Cycling:

1 Lower limb muscle strength (+)

1 Peak power (+)

1 Muscle endurance (+)

1 Walking speed-{

7 Walking speed 0.8m/s (E1 vs C) (+); (E2
)

1 Knee flexion peak torque (E1 vs C) (+); (E
C)o

1 Knee extensor peak torque)(

1 Rivermead Mobility Index)Y

1 Bilateral leg press strength (+)

1 Knee extensor strength (+)

1 Ankle plantarflexion strength (+)Ankle
dordflexor strength (paretic only) (+)Late
Life Function and Disability Instrument
(LLFDI): Advanced Lower Extremity (+)

1 LLFDI: Basic Lower Extremiy (

1 6-minute Walk {)

1 Maximal gait velocity-

1 Habitual gait velocity-{

1 Stair climb time

1 Repeated chairise time €)

1 Strength of hip flexors (+)

1 Strength of hip extensor (+)

9 Strength of knee flexors (+)

9 Strength of knee extensors (+)

1 Strength of ankle dorsiflexors (+)

1 Strength of ankle plantarflexors (+)

1 Gait velocity (+)

1 Cadence (+)

1 Strice length (+)

1 Gait symmetry ratio (+)
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Son et al(2014)
RCT (6)
NStart:28
Nend=28

Duncan et al(1998)
RCT (6)

N=20

Flansbjer et al(2012
RCT (6)

N=24

Flansbjer et al(2008)
RCT (6)
N=24

Bale et al(2008)
RCT (6)
N=18

Moreland et al(2003)
RCT (6)
N=133

Dean et al(2000)
R (5)
N=12

Lee et al(2013)
RCT (5)
N=28

Inaba et al(1973
RCT (4)
N=176

Glasser(1986)
RCT (4)

N=20

Page et al(2008)
RCT (4)

N=7

E: Three sets of resistance exercise +
conservative physical therapy
C: Conservative physical therapy

1 Double support period (+)

1 A-P and ML sway distances (+)
1 Berg Balance Scale (+)

1 Timed Upand-Go test (+)

E: Homebased exercise program stressing 1 FugtMeyer Score: lower extremity (+)

strength, balance and endurance
C: Usual care

E: Progressive resistance training of the ki 1 Dynamic knee extension (+)

muscles
C: Usual care and training

E: Progressive resistance trainioigthe knee
muscles
C: Usual care and training

E: Fundbnal strength training
C: Standard training

E: Lowetextremity progressive resistance
exercises

C: Lower extremity exercises without
resistance

E: Functional Strength Training for Lower
Limb

C: Functional Strength Training for Upper
Limb

1 Dynamic knee flexion (+)

1 Isokinetic kiee extension (nosparetic leg
only) (+)

1 Timed Up & Go Test (folloup only) (+)

1 6-Minute Walk Test-

1 Fast gait speed)

1 Isotonic knee flexion (+)

1 Isotonic knee extension (+)

1 Isokinetic knee extension (+)

1 Timed Up & Go Test)(

1 Habitual gait speed (+)

1 Maximum gait speed-

1 Knee extension and flexion muscle streng
)

1 Maximum weightbearing in standing-)

1 Disability Inventory-J

1 2-minute Walking Test)

1 Distance walked (+)

1 Peak vertical ground reaction force throug
the affected foot (+)

1 Number of repetitions of step test (+)

1 Purdue Peg Test)(

1 GripStrength )

E: Prgressive Resistance training + Foot § 1 Step length (+)

ankle compression
C: No exercise program

E1: Functional and selective stretching
E2: Active exercise and functional training
and selective stretching

E3: Progressive training and selective
stretching

1 Stride length (+)

1 Heelto-heel support (+)

1 Step time (+)

1 Double limb support (+)

1 Gait velocity (+)

1 Strength gains in mass extension: E3 vs E
(+); E3Vvs EL(+)

9 Activities of Daily Living: E3 vs E1/E2 (+)

E: Therapeutic exercise + isokinetic exerci 1 Functional Ambulation Profile)(

C: Therapeutic exercise

E1: A resistanebased, reciprocal, affected
leg locomotor training protocol using the
NuStep apparatus

1 Berg Balance Scalg (
1 FugtMeyer Assessment)
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E2: A home exercise programme (HEP)
consisting of seléupervised practice with
fractionated joint movements of the lower

limb
Lee & Kan@2013) E: Muscle strengthening exercise + 1 Hip muscle strength (+)
RCT (3) conventional therapy 9 Stair up and down time (+)
Nsar=21 C: Convention physical therapy 1 Gait velocity (+)
Nen21 1 Timed Upand-Go Test (+)
1 Hip muscle strengtfiex (+)
1 Hip muscle strength extension (+)
1 Gait velocity strength (+)
Park et al(2014) E: Incremental weight loading treadmill | 1 Centre of pressure for sway area (+)
RO (3) training 1 Center of pressure for sway length (+)
Nstar=30 C: Neload treadmill training

Nend=30
- Indicates nosstatistically significant differences between treatment gpsu
+ Indicates statistically significant differences between treatment groups

Discussion

Given that paresis or weakness is a common source of impairment and subsequent disability, strength
training has been examined as a therapeutic approach. The cemtrgbper motor neuron etiology of
weakness makes stroke related weakness less amenable to strength training than other approaches
such as deconditioning. An examination of all of the RCTs which evaluated strengthening programs
(isokinetic or resistance dining) reveals that there was variability in the length of time the treatment
were provided which lasted from 3 to 12 weeks. Most subjects recruited were independent community
ambulators. Heterogeneity of the types of interventions provided, their intgnand the outcomes
assessed make it difficult to formulate conclusions as to the overall effectiveness of strength training
treatment. Many studies failed to demonstrate a significant treatment effect, although the numbers of
patients recruited were genaily small. The studies with greater methodological rigour failed to
demonstrate significant treatment effect.

A total of seven RCTs adopted a progressive or incremental training approach. However, due to the large
amount of varying outcome measures uséde overall picture remains unclear concerning the efficacy

of progressive trainingLee et al.(2010) reported that progressive resistance training (PRT) was
significantly more effective than cycling in the improvement of muscle strength, peak power, an
endurance. However, it is debatable as to whether there is an overlap between strength and endurance.
In comparison to usual trainingslansbjer et al(2008)reported a greater improvement in isokinetic
knee muscle strength. These gains were maintaiaéda 4year followup with the control group
remaining stables thus excluding the presumption that the control group had simply demonstrated
degradation of functior{fFlansbjer et al. 2012¥5ait improved significantly in terms of stride/step length,
velocty, time and support after PRT compared to no exercise therefore suggesting that PRT
strengthened lower limb muscles and may have increased stimulation of the mechanoreceptors around
the knee, ankle and hip joinfd ee et al. 2013)Significant gains in r&ngth compared to a range of
motion plus upper extremity stretching program were reported Oyellette et al.(2004) but no
significant differences in gait or function were reported. The authors note that although the
experimental group did not report anghanges in the frequency of performing life tasks, overall the
group reported greater sekéfficacy in performing such tasks. Further research into is required to
investigate the use of PRT in motor recovery. In contrislsireland et al.(2003)did not report any
significant differences between patients who received PRT and those who completed exercise without
external resistance. The authors concede that only perceived moderate exertion was encouraged to
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prevent discomfort and fatigue, and therefore potexnl withdrawal. As the control group completed the
same exercises as the experimental group, further studies are required to clarify whether PRT or the
practice of movement is the cause for functional improvement.

Clark and Patterf2013)compared eccentc and concentric resistance training of the lower limbs and
despite the lack of significant differences in gait performance, both groups demonstrated medality
specific improvements although there were significant gains in strength and muscle activatomirfig

the eccentric training group. These findings may be explainable through the unique neural demands of
eccentric contractions or even the increased intensity of contractig@lrk & Patten 2013)In
combining resistance and gait training, more pat&in the eccentric resistance group responded to
treatment in exhibiting improvements in gait pattern and speed v@tark and Patte(2013)suggesting

that bilateral gains in leg power production may have facilitated this enhancement.

Another common fiaining approach in the recovery of lower motor impairment is functional strength
training (FST). A muitientre RCT conducted I§ooke et al(2010)revealed that patients who received
twice the intensity of conventional physiotherapy (CPT) exhibitedfgigntly greater improvements in
walking speed compared to a CPT control group and although a FST/CPT combination group also
demonstrated greater improvements than the control group, they did not reach statistical significance.
The authors suggest that ¢nCPT included some functional training which may have diminished
differences between group$ale et al(2008)did not find any differences between FST and standard
care in terms of strength and weigbearing but did report a significant difference ialditual gait speed

in favour of FST. In comparing FST for upper and lower IMdrgs et al(2014)and Dean et al(2000)
present conflicting resultean et al(2000)reported significant improvement in patients receiving FST
for lower limbs in gait ad leg strength buMares et al(2014)did not reveal any significant differences
between groups regarding gait or mobility. With the lack of betwgewup differences reported by
Mares et al(2014)notwithstanding, it could be suggested that comparimpar and lower limb training

with specific measures for each may not be appropriate as favourable moedpéditific results could be
found in tandem.

Conclusions Regarding Strength Training

There is Level 1a evidence that functional strength traimimay improve gait speed but may not
knee extension and flexion strength.

There is Level 1la evidence that progressive resistance training mayove strength and knee
extension but may not gait.

There is level 1b evidence that eccentric resistance frajrmay result in greater muscle activation
compared to concentric resistance training but may not improve gait speed.

Strength training may not improve gait speed or lower limb strength, while progressive resistance
training may help with lower limb stragth.

9.6 Cardiovascular Conditioning and Aerobic Exercises

Aerobic exercise training has been shown to benefit the health of patients in several populations,
including heart failure patient§Shephard 1991; Toth et al. 199Despite its acceptance inther
populations, such training has not been incorporated into traditional stroke rehabilitation. Exclusion of
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exercise training from stroke rehabilitation is partly due to concerns that increased exertion may cause
another stroke or increase spasticififolt et al. 2001) Howevera [ 26 Sy RdzNI yOS&a Yl & 02
increased energy cost of movement associated with residual hemiparesis and may contribute to poor
rehabilitation outcomeg (Duncan & Badke 1987)

Studies investigatinthe relationship betweerwalking performance and aerobic capacity have yielded
conflicting resultsCourbon et al(2006)noted a positive correlation between walking capagitia the 6
minute walk test; 6MWT)and aerobic capacity and maximal power output (r =0.602 and r = ,0.867
respectively). Kelly et a{2003)also reported a correlation between performance on the\WT and
measures of peak cardiorespiratory fitness (r =0.84lly et al., 2003)However, Eng et a(2004)
reported thatneither the distance achieved on théM&VT or selfselected gait speed were correlated
with VQ max, while Pang et al2005)hasreported a weak correlation (r=0.40).

There has been research conductedet@mminethe feasibility of cardiovascular conditionyg and aerobic
exercise for stroke patient©veral| it appears that cardiovascular conditioning and aerobic exercise is
not detrimental to stroke patientdn particular, stroke patients with mild/moderate motor impairments
have been found to be succdsgk at achieving the minimal exercise level recommendations of an
adapted cardiac rehabilitation progra(viarzolini et al. 2012)

Several studies have demonstrated that exercise training can be effective for stroke p@bentd A.
Brown & DeBacher 198 Monga et al. 1988; Potempa et al. 199H)gh aerobic intensity treadmill
walking/exercise trainindnas been showio increase peak oxygen consumpti(peakVQ) (Gjellesvik et
al. 2012; Macko et al. 1997; Rimmer et al. 200@ith the possibility of pagnts maintaining these
improvements one year following the trainiri@jellesvik et al. 2012)In addition aerobic exercise has
been found to increase walking economy and capgjgllesvik et al. 2012; Mehta et al. 20,12)d to
increase the workload fothe plegic limb without increasing inappropriate muscle actiyByown &
Kautz 1998; Rimmer et al. 2000n fact, termination of training was most often due to generalized
fatigue rather than cardiopulmonary intolerance or hemiparetic leg fatigi#aclo et al. 1997)Holt et

al. (2001)demonstrated on a single patient that aerobic exercise training on a static bicycle enabled a
chronic stroke patient to increase his walking speed, endurance and walking symamatigoncluded
that an exercisdicycle isa relevant rehabilitation tool late after stroke in improving functional mobility.
Furthermore, in a metanalysis looking at cardiovascular conditioning initiate®@lmonths post stroke,
cardiorespiratory training was found to result in moderate andistizally significant effect in improving
total distance walked post treatmeiiMehta et al. 2012)

In general, there have been several reviews conducted, looking at the evidence for aerobic
exercise/cardiovascular training for improving health outcoraed quality of life in stroke survivors. In
2003, a systematic review by Meek et §003) examined the efficacy ofandomized or quasi
randomized trials concerningardiovascular exercise intervent®nOutcomes of interest lay in two
domains: (1) Impairment: gait speed, strength, endurance, balance, flexibility, tonus and exercise
capacity; and (2) Disability: global dependy, functional independence. Extended activities of daily
living, quality of life and death were also examined. From 16 identified articles, only three were included
in their analysesDuncan et al. 1998; Potempa et al. 1995; Teix8ambmela et al. 1999 Pooled
estimates of treatment effect using standardised mean differences could be calculated feviéyeyi

Index scores, gait speed, Lawton Scale of Human Activities Prof8é, &iel Nottingham Heath Profile.
There were no statistically significanésults between groups on any of the outcome measures,
although, the authors noted that there was insufficient evidence to establish if cardiovascular exercise
had a beneficial effect on disability, impairment, extended activities of daily living, quélitie and

case fatality post stroke.
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A Cochrane review examining the benefit of physical fitness training for stroke patients also concluded
that definitive conclusions of efficacy could not be made due to the small body of literature, which
included sm#d sample sizes and heterogeneous aiments (Saunders et al. 2004)The primary
objectives of this review were to examine the effects of physical training on reductions in death,
dependency of disablement. Eleven published RCTs were incllilece was ndoenefit of treatment

on any of the primary outcomes assessed, however, only small numbers of studies (h=2 or n=3) could be
included in the individual pooled analysis. Secondary endpoints included measures of mobility, physical
fithess, physical function@ quality of life and moodn 2009, thisreview was updsed and included

results from 24 RCTs. The authors classified treatments as cardiorespiratory (n=11), strength (n=4) and
mixed training interventions (n=9). Selected ults are presented in Table®1 They concluded that
cardiorespiratory walking training can increase walking speed and walking distance, while reducing the
need for assistangehowever, there wainsufficient evidencdor other typesof interventionsas being
beneficial.

Table 96.1 The Results of the 2009 Cochrane Metnalysis Evaluating the Effects of Physical Train

Outcome Assessed Intervention Mean Difference 95% CI (* p<0.05)
Peak oxygen uptake (mL/kg/min) Cardiorespiratory training 0.60 (0.18, 1.02)
Functional Ambulatin Categories Cardiorespiratory training 0.73 (0.46, 0.98) *
Maximum walking speed (m/sec overl® Cardiorespiratory training 6.47 (2.37,10.57) *
metres
Walking endurance (metres) over 6 Cardiorespiratory training 38.9 (14.3,63.5) *
minutes
Preferredgait speed (m/min) Strength training 2.37 £6.8,11.53)
Stair climbing (sec/step) Strength training 0.04 (0.47, 0.55)
Timed up and go (sec) Mixed training -1.16 €2.93, 0.62)

Pang et al(2006)conducted a systematic review of aerobic exercise foligvatroke, which included 7
RCTs, evaluating patients in the agugabacute,and chronic stages of strokBtandardized effect sizes

for the main outcomes of peak VO2 and peak workload were calculated. Exercise intensity ranged from
50% to 80% heart rateeserve, while duration varied from 24D min for 35 days a week. Regardless of

the stage of stroke recovery, there was a significant benefit of therapy. Improvements were noted in the
parameters of peak VO2, peak workload, walking speed and endurance.

The American Heart Associatidraspublished exercise recomendations for stroke survivorg&ordon

et al. 2004) The recommendations include a regime of aerobic exercises, strength training (including
circuit training, weights and isometric exercises)xifidity (stretching) and coordination and balance
activities(Gordon et al. 2004)The guidelines are aimed at preventing the recurrence of a subsequent
stroke and the improvement of sensorimotor functiofAlso see Chapter 8 Secondary Prevention;
Section 8.6 Lifestyle Modification, for additional information concerning physical activity). Most
recently, in 2013 a systematic review by Pang et(2013) was conducted in hopes of developing
evidencebased exercise prescription recommendations for strokdepss. In total, 25 articles were
included in the review with aerobic fithess ()Qas the primary outcome of interest. Secondary
outcomes of interest included cardiovascular health, functional performance, psychological health, and
cognitive function. Aerobic exercise was found to have a significant beneficial effect for measures of
V0O, There was some evidence for aerobic exercise having a benefit on functional performance (walking
endurance and speed; SMD=0.22, p=0.003 and SMD=0.37, p=0.005, ivedpedbut evidence was
inconclusive concerning cardiovascular health, psychological, and cognitive functioning. In conclusion,
based upon the research evidence, the authors have recommend that stroke patients engage in aerobic
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exercise of moderate to gh intensity, 2040min and 35 days per week, to obtain improvements in
aerobic fitness, maximal walking speed and endurgRaang et al. 2013)

Studies evaluating cardiovascular conditioning and its effect on improving lower limb outcomes are
preserted in table 9.6.2 below.

Table 9.6.2 Summary &CTs EvaluatinQardiovascular Conditioning and Aerobic Exercises

Author, Year Main Outcome(s)
Study Design (PEDro Score Intervention Result
Sample SizéN)
Tripp et al.(2014) E: HalliwickTherapy group and 1 Berg Balance Scal¢ (
RCT (8) conventional physiothapy. 1 Functional Ambulation Category) (
Nstar=30 C: Standard physiotherapy.
NenE27
Kim et al(2014) E: Community walking training progran| 1 10-m Walk test (+)
RCT (8) C: Social walking intervention 1 Community Walking test (+)
Nstar=26 1 Stroke Impact Scale (+)
Nen=22
Dunca et al (2003) E: Structured, progressive, 1 Balance (+)
RCT (8) physiologically based exercise progran| 1 Endurance (+)
N=100 in-home program 1 Mobility (+)
C: Usual care
Salbach et a2004) E: Functional tasks designed to 1 6-minute Walk Test (+)
RCT&) strengthen the lower extremities 1 Comfortable walking speed (+)
N=91 C: Intervention focusing on upper 1 Maximum walking speed (+)
extremity activities 1 Timed Upand-Go Test (+)
Kautz et al(2005) Subset analysis from Duncan et al. (20| 1 Distance to 6min walk test (+)
RCT (8) involving 20 patients. 1 Paretic leg muscle sngth (+)
N=20 E: Fitness and mobility program 1 Berg Balance Scal¢ (
C:Seated upper extremity program
Lennon et al(2008) E: 16 cycle ergometry sessions of 1 RPE rating (+)
RCT (8) aerobictraining intensity + stress
N=48 management classes
C: Usual Care
Olney et al(2006) E: Supervised physical conditioning | 1 6-minute Walking Speed)(
RCT (7) program 1 Physiological Cost Index (
N=72 C: Unsupervised physical conditioning | 1 Lower extremity muscle stngth ¢)
program
Richards et a2004) E: Specialized locomotor training using| 1 FugtMeyer Assessment)(
RCT (7) tilt table, a Kinetron isokinetic device ar 1 Time needed to walk-)
N=63 treadmill training with full weight 1 Timed Up and Go Tes) (
bearing 1 Barthel Index+
C: Conventionaherapy
Pang et al(2005) E: Fitness and mobility program 1 Distance on the #ninute Walk Test (+)
RCT (7) C: Seated upper extremity exase 1 Paretic Leg Muscle Strength (+)
N=63 program 1 Berg Balance Scal¢ (

1 Physical Activities for Individuals with Physical
Disabilities (metabolic equivalent h/d)) (

Park et al(2014) E: Underwater treadmill gait program | 1 Dynamic balance (+)

RCT (7) C: General rehabilitation program

NStart:22

NEnd:22
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Furnari et al(2014)
RCT (7)
NStart:40
Neng=40

Bateman et al(2001)
RCT (7)
N=157

Globas et al(2012)
RCT (7)
N=38

Gordon et al(2013)
RCT (7)

N=128

Outermans et al(2010)
RCT (7)

N=44

ToledaneZarhi et al(2011)

RCT (6)
N=28

Chu et al(2004)
RCT (6)
N=12

Macko et al(2005)
RCT (6)

N=61

Mayo et al.(2013)
RCT (6)

N=87

Seo et al(2014)
RCT (6)

Nstar =30
Nen=30

KatzLeurer et al(2003)
RCT (5)
N=92

Jeonhyeng et a(2014)
RCT (5)
Nstar=40
NEnd:40

Song et al(2015)

E: Hydrokinesytherapy (aquatic therapy 1 Speed (+)

C: Conventional physittherapy 1 Cadence (+)

1 Stance phase (+)

1 Swing phase (+)

1 Double support phase (+)

1 BergBalance Scale)(

1 10-meter Walking Speed)(

1 Functional Independence Measurg (
1 Barthel Index

1 Rivermead Mobility Index)Y

1 Berg Balance Scale (+)

1 Rivermead Mobility Index (+)

1 10-meter Walk Test (+)

1 6-minute Walk Test (+)

1 Physical Health Component Scores (+)
1 6-minute Walk test (+)

E: Cycle ergometer aerobic training
C: Relaxation training

E: Aerobic treadmill exercise
C Usual care physiotherapy

E: A 12week walking intervention
C: Alight massage

E: A circuibased training program that | 1 Berg Balance Scalg (

was of high intensity

C: A lowintensity circuitbased training

program

E: Supervised exercise training prograr 1 6-minute Walk Test (+)
including treadmill, handike and

cycling + home exeise booklet

C: Home exercise booklet

E: An aquatic exercise program in ches 1 Gait speed (+)

deep water 1 Muscle strength (+)

C: Upper extremity intervention prograr

that required performance of arm and

hand exercises while sitting

E: Treadmill aerobic exercise program | 1 6 minute Walk Test (+)

C: Program of stretching andwe 1 Walking Impairment Questionnaire (+)
intensity walking

E1l: Homebased exercise programs usil § 6-minute Walk Test-{

a stationary cycle

E2: Homebased exerciserpgram using

a walking and exercise group

E: Gaitraining exercises by ascending | 1 Area ellipse of Romberg (+)
and descending wooden stairs with | 1 Length/area of Romberg (+)
support

C: Gait training exercises by walking 1(

on a hard, flat and ktloor surface with

assistance
E: 8 week programme of aerobic trainir| § Stair climbing (+)
using a leg cycle ergometer 1 FIM§)

C: Regular therapy 1 Walking distance-J

1 Walking speed-{

E: General physical therapywalking 1 Weightbearing footprint (+)

exercise on stairs with flat surfaces 1 Anterior length in the limit of stability (+)
C: Reciprocating vidng training on a | 1 Posterior length in the limit of stability (+)

flat indoor surface 1 Surface area ellipse of Romberg (+)

E: Sliding Training

9 10-m Walk Test (+)
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RCT (5) C: Ergometer Bicycle Training 1 Anterior and posterior ranges of thedgth of

Nstar=40 sway (+)
Nen=40
Song et al(2015) E: Complex exercise prognathat 1 Four square step test)(
RCT (4) consisted of resistance and aerobic | 1 Figureof-8-Walking Test-{
Nstar=40 exercises
Ne, &40 C: General exercise program for same

duration
Jin et al(2012) E: Exerae training 1 6-minute walk distance(+)
RCT (4) C: Low intensity overground walking |1 Knee muscle strength (+)
N=133 training 1 Rivermead Mobility Index)

1 Berg Balance)
1 Modified Ashworth Scale)(

Letombe et & (2010) E: Physical exercises, including one |1 Barthel Index-]

RCT (3) legged cycling 1 Katz ADL scale score} (

N=18 C: Conventional inpatient rehabilitation

Taricco et al(2014) E:Adapted physical activity + 1 6-minute Walk Test (+)

PCT Therapeutic Patient Education 1 BergBalance Scale (+)

Nsar=229 C: Usual Care 1 Short Physical Performance Battery (+)

Nen =199 1 Physical Composite Scale of the Short Form

Health Survey (SE2) (+)
1 Modified Barthel Index-J

Rimmer et al(2000) E: 12weekoutpatient exercise program| 1 Strength (+)

PCT focusing on cardiovascular conditioning 1 Lower limb flexibility (+)

N=35 strength and flexibility training 1 Body composition (body weight and BMI) (+)
C: Health promotion intervention 1 Waistto-hip ratio ¢)

- Indicates mn-statistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Various exercise programs have been used in acute, subacute and chronic stroke rehabilitation. In this
review, 28 studies were collectively analyzed to evaluate the effect of exercise programs on lower limb
gait, balance and strength. The studies mainly subjected participants to lower body exercise programs
either in combination with standard therapy or al®, and compared the effects either to standard
therapy or upper body therapy.

Cardiovascular training for stroke patients has been shown to improve peak aerobic capacity as well
maximal oxygen consumptions in stroke patief@u et al. 2004; Duncan &t 2003; Macko et al. 2005;

Pang et al. 2005; Potempa et al. 199%) addition, improvement in gait and sensorimotor function has
also been observed after cardiovascular trainiBgincan et al. 2003; Potempa et al. 1998pwever,

the sustainability of mproved functional abilities noted immediately after treatment is not yet
established (KatzLeurer et al. 2003)Both supervised and unsupervised exercise programs were
associated with benefit in a recent stud®Iney et al. 2006)Only 47% of patients ihaed in the study

by Bateman et al(2001)had suffered from stroke, therefore, their results may not be generalizable.
They found that there was no additional gain in functional independence when an aerobic exercise
program was added to standard rehatzition, despite an increase in physical fitness.

Findings suggest that stroke patients who undergo structured, progressive, physiological based exercise
programs show significance improvements in gait outcorfisncan et al. 2003; Globas et al. 2012;
Gordn et al. 2013; Jin et al. 2012; Kautz et al. 2005; Kim et al. 2014; Macko et al. 2005; Pang et al. 2005;
Salbach et al. 2004; Toledadarhi et al. 2011) However, there are conflicting results on the effect of
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exercise programs on balance improvemeniVhile some have reported improved balance scores
during a fitness and mobility progra(®uncan et al. 2003; Globas et al. 2QIithers have reported no
significant difference between exercise programs and control grdifaaitz et al. 2005; Pang et al.
2005). Further research is required to determine the effect of exercise programs on balance
performance. Current literature suggest$at fithess and mobility programs increase paretic leg muscle
strength(Jin et al. 2012; Kautz et al. 2005; Pang et al528@lbach et al. 200d4hdthat lower extremity
aguatic exercise programs may improve gait performai@ieu et al. 2004; Furnari et al. 2014; Park et al.
2014)

Various attributes of exercise programs may have an effect on gait improvements on intlivich@a

have suffered a strokeDuncan et al. (2003lLimited evidence suggests that anhome exercise
program(Duncan et al. 2003nd lower extremity cardiovascular exerci{$e@autz et al. 2005; Pang et al.
2005) may improve gait. Some evidence suggesiat tthe use of cycle ergometer aerobic training
interventions(Bateman et al. 2001)as well as complex exercise prograf8eng & Kim 2015pay not
improve gait outcome measures. There is conflicting evidence with some suggesting that supervised
aerobic errcise programs have no effect on gédiney et al. 2006yvhereas others have shown a
significant difference between supervised an unsupervised exercise prodibmedaneZarhi et al.

2011)

Other factors of aerobic exercise that have been shown to tmvénfluence on outcome measures
suggesting that community exercise may improve mobility, strength, flexibility and body composition
(Kim et al. 2014; Rimmer et al. 200)d walking exercises on stairs compared to flat surfaces may
improve balancéJeonlyeng & Kyochul 2014)

Gonclusion Regarding Cardiovascular Training
There is level la evidence that cardiovascular fitnesguatic therapy, and mobility training
programs may improve gaitThere is level 1b evidendhat home-based cardiovascular exese
programsmay also improvegait outcomes.

There is level 1b and level 2 evidence that cycling training interventions may not impgaite

There is conflicting level 1a evidence regarding supervised exercise training programs compared to
unsupervisedrograms on gait.

There is level 1b and limited level 2 evidence that community or outpatient exercise programs may
improve mobility, lower limb strength and flexibility.

There is level 1b evidence that hightensity circuit training may notimprove balance when
compared to lowintensity circuit training.

There is limited level 2 evidence that walking exercises on stairs compared to flat surfaces may
improve balance posstroke.

Cardiovascular training in the form of fithess and mobility programs, atja therapy, and
community/outpatient exercise programs as well as supervised programs may improve gait.
Further research is required to identify the effectiveness of cycling prograam home-based
exercise programs on mobility and balance.
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9.7 Assistie Devices for the Lower Extremity

9.7.1 Wheelchair

Patients who suffer a stroke, particularly when associated with hemiplegia, often require use of a
wheelchair. The wheelchair must be of the gmibpelling type with large wheels at the back and
swinging detachable foot rests(Blower 1988) A wheelchair is normally propelled by using the
unaffected hand on the large wheel and the unaffected foot on the f{@ower 1988)Blower(1988)

noted that while patients view the temporary use of a wheelchair fpady there is a lack of consensus
between clinicians about the benefits of wheelchair use in stroke rehabilitgfishburn & Lynch 1988;
Blower 1988; Engstrom 199%articularly early in the acute phase of stroke.

The main advantage for early use wheelchairs is related to support for the hemiplegic sides and
greater limited functional improvement and independence. The popular treatment regimen described
by Bobath discourages early sptbopulsion in a wheelchair because it is believed to causeases in

tone on the hemiplegic side, poor posture and may have an advienpact on longerm recovery
(Ashburn & Lynch 1988; Bobath 199These postulated negative impacts include increasing spasticity,
encouraging onaidedness and reducingiotivation to walk (Blower 1988) Although the use of
wheelchairs following stroke is widespread, we identified only a single RCT, which evaluated any form of
intervention.

Table 9.7.1.1 Summary ®CT<valuatingthe Efficacyof Wheelchair Mobilization

Author, Yea Main Outcome(s)
Study DesignREDro Intervention Result
Scorg
Sample Size (N)

Barrett et al.(2001) E: Encouragement to sebiropel; provided 1 Barthel ADL-|

RCT (7) with a wheelchair and daily instrtion 1 Nottingham Extended ADL scaf (

N=40 C: Discouraged from sgfopulsion; received | § TheshortenedGeneral Health Questionnaire
additional measures to discourage self @)
propelling

- Indicates noestatistically significant differences beéen treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Although research regarding wheelchair use for ggisbke patients is quite limited it may give some
insight into the efficacy of wheelchair mdibation as an aid in stroke recovery. Only one RCT was used
in this review and the results suggest that the use of am@pelled wheelchair posstroke provides no
additional benefits to activities of daily living or functional mobility compared tokstrpatients who
were discouraged from seffropelled wheelchair us@arrett et al. 2001)Further research is required

to determine the efficacy of sefiropelled wheelchair use postroke.

Conclusion Regarding Wheelchair Mobility

There is level 1b edence that encouraging hemiplegic individuals to propel their own wheelchair
may not improveADLs

Additional research is required to investigate the impact of wheelchdasimproving mobilization
poststroke.
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9.7.2 Canes

Canes and walkers are freently employed in the rehabilitation of stroke patients. Kuan et(H99)

have noted that walking aids have long been used to assist hemiplegic patients to achieve independent
ambulation. The major functions of walking aids are (1) to increase stalfdjtymprove muscle action

and (3) reduce weigHbearing loads through targeted anatomical structu(&sian et al. 1999)Canes

serve to increase base of support and improve ambulatiornifose with impaired balance.

Table 9.7.2Summaryof RCTs Evaltiag the Evidence Regarding Canes and Walking Aids

Author, Year Intervention Main Outcome(s)
Country Results

PEDro Score
Jeong et al(2015) E1: Singlgoint cane 1 6-minute Walk Test(+)
RCT (7) E2: Quad cane 7 10-meter Walk test (+)
Nstart =29 E3: Hemiwalker
Nend=29
Laufer et al(2002) E1: Two force plates with no cane 1 Postural Sway: E3 vs E1/E2 (+)
RCT (5) E2: Two force places with a opeint cane | 1 Asymmetricalveight-bearing stance-{
N=30 E3: Two force plates with apbint (quad)

cane

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Research regarding assisted walking devices for-gtoske patients is quite limited as an aid in stroke
recovery. One RCT divided pesttoke patients into two groups; poor balance and good balance based
on the berg balance scale and had the participants use a single point cane, a quad cane ewalkemi
(Jeong et al. 2015)The results showed that patienta ithe good balance group showed greater
functional mobility, gait and aerobic capacity when using the single point ¢3@ng et al. 2015)
Postural sway was also significantly more improved when patients used a quad cane compared to when
a onepoint care or no cane was used (Laufer et al. 2002).

Conclusions Regarding Canes and Walking Aids

There is level 1b and level 2 evidence that quad canes or walkers are significantly better than-a one
point cane or no cane for improving gait and balance.

Quad cares and walkers improve gait and balance more than when using a-poit cane or when
no cane is provided.

9.7.3 Ankle Foot Orthoses

It is common practice to use splints in the hemiplegic lower extremity in an attempt to improve gait
quality. The upper mtor neuron injury results in gait deviation, including knee and hip extension and
ankle plantarflexion, during stance phase. In order to facilitate the swing phase of gait, an ankle foot
orthosis (AFO) is often used to compensate for excessive ankleaglanton and a lack of knee flexion.
Thebrace (usually plastic) is worn on the lower leg and foot to support the ankle, hold the foot and
ankle in the correct position, and correct fedtop. The prime indication for prescription of the solid
ankle orthases for patients with hemiplegia is to control strong tendencies. Although the use of AFOs is
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widespread, there is a dearth of evidence with respect to the timing of intervention or design type.

Decisions are usually based on clinical experience.

Table 97.3.1 Summary oRCT<valuating Ankle Foot Orthosis

Author, Year

Main Outcome(s)

Study Design (PEDro Scor Intervention Results
Sample Size
Forrester et al(2014) E: Robot training using dorsr 1 Gait velociy ()
RCT (6) plantarflexion of ankle with an ankle robot | 1 Ankle range of motion in dorsiflexion range (4
Nstar=39 supporting the paretic leg 1 Absolute step length ratios)(
Nen=34 C: Usual physical therapy was also provid¢ § Angular velocity (+)
Ding et al(2015) E1: Botulinum toxin A and conventional |1 Clinic spasticity influx (+)
RCT(6) rehabilitation along with an ankle foot brac| 1 FugiMeyer Assessment (+)
Nsar=103 E2: Botulinum toxin A and conventional | § Berg Balance Scale (+)
Nen =103 rehabilitation.

Wang et al(2007)
RCT (6)
N=58

de Wit et al.(2004)

C: Convenbnal rehabilitation.

E: With AFO
C: Without AFO

E: With AFO

1 % weight bearing difference (+)
1 movement velocity (deg/sec) (+)
1 % maximal excursion (+)

1 Speed (+)

1 Step length (+)

1 Stride length (+)

1 Base width (+)

1 Walking speed+)

RCT (5) C: Without AFO 1 Timed Upand-Go Test (+)

N=20

Pohl & MehrholZ2006) E: Wearing AFO for varying sequences |1 Stance duration at 90% bodyeight (vertical
RCT (5) C: Wearing only footwear ground reaction forcesjt)

N=20 1 Deceleration forces (horizontal ground reactic

Erel et al(2011)

E: Dynamic ankioot orthosis

forces) (+)
1 Double stance duration (+)

1 Timed up: stairs (+)

RCT (5) C: No dynamic ankifoot orthosis 1 Gait velocity (+)

N=32

De Seze et a(2011) El: A standard AFO 1 Mean gain ratio of walking speed (+)
RCT (5) E2: Chignon ankifoot orthosis

N=28

Kosak et al(2000) E: Partial body weigkgupported treadmill | 1 Gait speed

RCT (4) training 1 Gait distance-{

N=56 C: Aggressive bracing assisted walking

Chen et al(1999) E1: Anterior AFO Sagittal plane: E2 vs.E1 and E2 vs. C
RCT (3) E2: Posterior AFO 1 Plantar flexion (+)

N=14 C: Not wearing AFO 1 Swing phase (+)

1 Maximal eversion (+)
1 Maximal inversion angle (+)

Coronal plane: E2 vs. C
1 Maximal inversion angle (+)

Tranyerse plane: E1vs. Cand E2 vs. C
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1 Adduction angle (+)

Pardo et al(2015) E1: Custonmade articulated ankléoot 1 Maximal step length: E1 vs C (+)
Case Control orthosis 1 Gait speed: E1 vs EJ (
Nstar=14 E2: A prefabricated articulated AFGARO) | 1 Stride length; E vs E2-]
NenF14 C: No AFO 1 Step length: E1 vs E3 (
1 Time to complete and maximal step length: E
vs E24)
Tyson & Rogersof2009) E1: Walking with a walking cane 1 Functional ambulation category: E1 vs. C (+),
PCT E2: Ankle foot orthosis vs. C (+), E3vs. C (+),E4vs. C (+)
N=20 E3: Sliderlsoe

E4: A combination of all 3 devices

C: Walking with no device
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistidly significant differences between treatment groups

Table 9.7.3.1 Summary of Ankle Foot Orthoses with Tibial Denervation

Author, Year Main Outcome(s)
Study Design (PEDro Scor Intervention Results
Sample Size
Beckerman et al1996) E1: Thermocoagulation (TH) of the tibial |1{ A 01y Saa LYLJ}I OG t NRTF.
RCT (8) nerve with a custom made ankle foot ()
N=60 orthosis (AFO) in five degrees of dorsiflexi{ 1 Walking speed-{

E2: Placebo thermocogulation (PTH) with |
radiofrequency energy output zemith AFO
E3: TH with a placebo AFO with free range
motion of dorsiflexion (PAFO)

E4: PTH with PAFO

Beckerman et al1996) E1: Thermocoagulation (TH) of peripheral | 1 Achilles tendon reflexes (+)
RCT (7) nerves with a custom made ankle foot 1 Ankle clonughan groups 2 and 4 (both PTH) {
N=60 orthosis (AFO) in five degrees of dorsiflexi

E2: Placebo thermocogulation (PTH) with |
radiofrequency energy output zero with AF
E3: TH with a placebo AFO withe range
motion of dorsiflexion (PAFO)

E4: PTH with PAFO

Discussion

A common practice in improving gait in hemiplegic stroke patients is the use of ankle foot orthotics.
Research suggests that the use of AFO may improve gait and range of motion in patierdtqasfde

Wit et al. 2004; Ding et al. 2015; Pohl & Mehrholz 2006; Wang et al. 2R0#ermore there is limited
evidence to suggest that there is no significalifference between AFO assisted walking and partial
body weight supported walking with both being equally effective in increasing walking endurance and
velocity(Kosak & Reding 2000)n addition to AFO, posterior tibial nerdenervationcan be used asna
additional method of treatment in stroke patients. Limited evidence suggests that poster tibial nerve
denervation in combination with traditional AFO may improve ankle reflexes but may not improve gait
(Beckerman et al. 1996)

Conclusions Regarding Bying of Lower Extremity in Stroke

There is level 1a and level 2 evidence that wearing an AFO may improve gait and range of motion
however, there is limited evidenc®f its effectiveness on balance.
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There is limited level 2 evidencghowing no signficant difference between bracassisted walking
and partial body weightsupported treadmill training for the improvement of gait outcomes.

There is level 1a evidence that an AFO when combined with posterior tibial nerve denervation, may
not improve gaitbut may improve foot reflexes positroke.

Ankle foot orthosegAFOs)may improve gait and range of motianhowevernot when combined
with posterior tibial nerve denervation. More research is needed to determine if AFOs|are
beneficial for improving balane.

9.7.4 Electromechanicalssisted Training Devices

Currently, effort has been invested at developing electromechaiissilsted training devices for gait
training. These devices can be used with or without body weight support and are classifiedeasagith
SYR STFTFSOG2N) RSOAOS o6AdSods KIFI@S LI GASyGQa FSSi
and swing phases during gait training) or an exoskeleton device (i.e., patients are outfitted with
programmable drives or passive elements, ethimove the hips and knees during gait phases). The
most commonly studied endffector device is the Gait Trainer, with the Lokomat and AutoAmbulator
being the two most popular exoskeleton deviddan Mehrholz & Pohl 2012Jhe main advantagef

these derices over conventional gait training is that thereduce the need for intensive therapist
involvement.Furthermore, there has been recent studies focusing on small modular robots designed for
single joint use such as the ankle (Forrester et al. 2013).

A Cochrane review including the results from 8 trials (414 participants) concluded that
electromechanicabssisted training devices were associated with an increased odds of becoming an
independent ambulator (OR: 3.06, 95% CI 1.85 to 5.06) and increaseidgmvedipacity, but were not
associated with increases in gait velodiehrholz et al. 2007)The authors noted that their results
should be interpreted with caution since the duration, intensity and frequency of treatments differed
among studies and these of an additional therapy (electrical stimulation) in some of the included trials
may have resulted in an inflated treatment effekt.2013, this Cochrane review was updat®tehrholz

et al. 2013) for justification of large equipment and human resowgceosts to implement
electromechanicahssisted training devices. Including results from 23 trials involving 999 participants,
authors concluded that electromechanieadsisted training devices in combination with physiotherapy
increased was associatedtivian increases odds ratio of becoming an independent walker (OR: 2.39%,
95% CI 1.638.43) but did nosignificantlyincrease walking velocity or capacity.

Ada et al. (2010) reviewed 6 RCTs that examined the benefit of either treadmill training or
electromechanical gait trainers which included a bedgight support component, in neambulatory
persons in the subacute (< 3 months) period of stroke. The results from theanatgsis indicated that
treatment was associated with an increase in the percentageatients who had achieved independent
ambulation status at 4 weeks and 6 months. Patients were also able to walk faster and farther compared
to those who received conventional overground walking therapy. The authors speculated that gait
trainers affordel the opportunity for more taskelated practice compared with same given amount of
conventional training. In a systematic review comparing the effects of @ffdctor vs. exoskeleton
devices as part of gait training after stro@dehrholz & Pohl 2012)yuthors found evidence for walking
recovery after stroke being dependent on the type of training device. In general, studies using-an end
effector device contained significantly fewer patients who walked indepengehtid more severe
initial impairment),compared to studies using exoskeleton devices. Despite participants having greater
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initial severe impairment, endffector device studies achieved higher rates of independent walking at
the end of the study period in contrast to studies involving exos&aldeviceyMehrholz & Pohl 2012)

In addition torobot-assistedreadmill devicesthere have been sever®C§ assesmgrobots that assist
stroke patients wih ankle and mobility impairmentThesedevices are designed to improve ankle
function following stroke by improving or maintaining passive range of motion in the aRldase note,
that in the following Table, we have included the resultsivd Studiegevaluating norrobotic devicey
whichare alsancludedas part ofthe body-weight suppored treadmill trainingsection(Dias et al. 2007;
Peurala et al. 2005; Pohl et al. 2007; Tong et al. 2006; Werner et al. 2002)

Table 9.7.4.1 summarizes RCTs that evaluate robotic devices for the rehabilitation of lower limb
impairments. The time posttroke (TPS) information was provide and divided in 3 stages of stroke
recovery: acute (<3 months), subacuteg8onths), and chronic (>6 months).

Table 9.7.4.1 Summary dRCTs EvaluatinRobotic Devices & Electromechanieassisted Training

Devices

Author, Year
Study Design (PEDro Scor
Sample Size

TPS

Pohl et al(2007)
RCT (8)

N=155

TPS=acute

Ochi et al(2015)
RCT (8)

Nstar=26

Nend=26
TPS=acute
Morone et al.(2011)
RCT (8)

N=48

TPS=acute
Werner et al(2002)
RCT (7)

N=30

TPS=acute

Stein et al(2014)
RCT (7)

Nsan=24

Neng=20
TPS=chronic
Peurala et al(2005)
RCT (6)

N=45

TPS=acute

Tong et al(2006)
RCT (6)
N=46

Main Outcome(s)
Intervention Result

Gait Trainer / Robotic Gait Trainer

1 ADL function (+)
1 Barthel Index (+)

E: Rep#tive practice on a gait trainer,
C: Individual physiotherapy

E: Gaiassisted robot gait training 1 FugtMeyer Assessment)(
C: Overground conventional gait training | 1 Functional Independese Measure-
1 Gait Speed (+)

E: Robotic group
C: Control group

1 Functional Anbulation Category (+)
1 Rivemead Mobility Index (+)
1 Barthel Index (+)

E1: Locomotor therapy on a gait trainer |1 Gait (+)
E2: Treadmill therapy with body weight
support

E: Robotic treatment received 1 hour of |1 10-metre Walk Test+)
individualized physical therapy 1 Berg Balance Scal¢ (
C: 1hr of group exercise without the use (

the robotic device

E1: Gait trainer (with BWS) exercise with| 1 10-metre Walk Test+)

functional electric stimulation (GTstim) | 1 6-minute Walk Test-{

E2: Gait trainer (with BW®xercise 1 Modified Motor Assessment Scalg (
without stimulation (GT)

C: Walking overground (WALK)

E1:Gait training using an electrical gait |1 Berg Balance Scalg (

trainer with partial body weight support | 1 Barthel Index

E2: Gait training using an electromechani 1 Functioral Independence Measure)(
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TPS=acute

Ng et al(2008
RCT (6)

N=4
TPS=acute
Dias et al(2007)
RCT (6)

N=40
TPS=chronic

Peurala et al(2009)
RCT (6)

N=56

TPS=acute

Hesse et al2012)
RCT (6)

N=30

TPS=acute

Waldman et al(2013)
RCT (5)

N=24

TPS=subacute

Fisher et al(2011)
RCT (5)

N=20
TPS=chronic

Rydwik et al(2006)
RCT (4)

N=18
TPS=chronic

Watanabe et al(2014)
RCT (4)

Nstar=32

Nend=22

TPS=acute

Dundar et al(2014)
Casecontrol Study
NStart::I-o7
Nen=107

gait trainer with functional electric
stimulation

C: Conventional gait training

Addition of 4 subjects to study authored k
Tong et al. (2006)

E: Gait trainer
C: Control group

E1: Gait trainer exercise with BWS
E2: Training over ground with 1 or 2
physiotherapists

C: Conventional treatment

E Gait robot offering repetiive practice
C Taskspecific repetitive approach to
physiotherapy

E: Robot program: active stretching and
movement training of the affected ankle
C: Exercise program; written and verbal
instructions on how to perform passive ce
stretches and active movement exercises
the impairedankle

E: Robofassisted gi training using the
Autoambulator

C: Goabriented Physiotherapy

E: RFogram including active and passive
range of motion of the ankle with a
portable device

C: No Intervention

E: Hybrid Assistive Limb training
C: Gait training

E: Robotic training combined with
conventional ysiotherapy
C: Conventional physiotherapy

1 5-metre Walk Test (+)

1 Motricity Indexleg scores-§

1 Motricity Index ¢)

1 Toulouse Motor Scale)(

1 Modified Ashworth Spasticity Scak (

1 Berg Balance Scal¢ (

1 Rivermead Mobility Inde ()

1 FugtMeyer Stroke Scale)(

1 Barthel Index)

1 Time Upand-Go Test)

1 Walking ability: E1 vs C (+); E2 vs C (+)
1 Mean accomplished walking distancg (

1 Functional Ambulation Category scores, Gait
velocity(+)

1 Rivermead Mobility Index (+)

1 Motricity Index scores (+)

1 6-minute Walk Test-{

1 Modified Ashworth Scale)

1 Stroke Rehabilitation Assessment of Movemel
()

1 Berg Balance Scal¢ (

1 8-metre Walk Test+)
1 3-minute Walk Test-{
1 Tinnetti Balance Assessmen} (

1 Range of motion-J
1 Muscle strength
9 Spasticity {)

9 Gait variables-{

1 Balance+)

1 ADL §)

1 Functional Ambulation Category (+)

1 Maximum Walking speed)(

1 Cadence-

q Stride ¢)

1 FugtMeyer Assessment d¢he LowerExtremity
)

1 6-minute walk test+)

1 Timed Upand-Go Test)

1 Berg Balance Scalg (

1 Modified Ashworth Scale)(

9 Functional Ambulation Category) (
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TPS=subacute

Husemann et al2007)
RCT (7)

N=30

TPS=acute

Mayr et al.(2007)
RCT (6)

N=16

TPSacute

Schwartz et al(2009)
RCT (6)

N=67

TPS=acute

van Nunen(2015)
RCT (6)

NStart:30

NEnd:30

TPS=acute
Westlake & Patterf2009)
RCT (6)

N=16

TPS=chronic

Chang et al(2012)
RCT (6)

N=48

TPS=acute

Ucar et al(2014)
RCT (6)

NStart:22

NEnd:22
TPS=chronic
Hidler et al.(2009)
RCT (5)

N=63
TPS=subacute

Krewer et al(2013)
PCT

Nstar=25

Nen=24
TPS=chronic

Freivogel et al(2009)
RCT Crossover (7)

N=16

Lokomat

E: Convetional therapy + treadmill trainin¢ 1 Functional Ambulation Category)

with the Lokomat robotic device
C: Conventional physical therapy

1 10-metre Walk Test+)

E: Lokomat training + Conventional trainil 1 Rivermead Motor Assessment Scale (

C: Conventional training

E: Physical therapy + additional therapy
using the Lokomat training device
C: Similar amount of physical therapy

E: Robofassisted treadmill training
administered with Lokomat
C: Conventional overground therapy

E: Lokomat training
C: Manuabody-weight support treadmill
training

E: Robofassisted gait training using the
Lokomat
C: Conventional physical therapy

E: Lokomat training
C: Conventional exercise for the same
duration

E:Lokomat training
C: Conventional gait training

E1l:Galvanic vestibular stimulation.
E2: Drivergait orthosis Lokomat.

C: Physiotherapy with visual feedback
components.

Other Devices

E: Locomotor training with an

1 10-metre Walk Test+)

1 6-minute Walk Test-{

1 Medical Research Council Scaje (
1 Ashworth Scale-|

1 Functional Ambulatory Capacity Scale (+)
1 NIHSS Scores (+)

1 Stroke Activity ScalScores-

1 Timed Walk tests-|

1 10-metre timed walk test+)

1 Berg Balance Scalg (

1 Motricity Index §)

1 Selfselectal overground walking speed)(
1 Paretic step length ratio)

1 Pe&k VQ (+)

1 Cardiovascular or ventilatory response (+)
1 FugtMeyer Assessment lower extremity) (
1 Motricity Index )

1 Functional Ambulation Categoried (

1 10-metre Walk Test (+)

1 Timed Upand-Go Test (+)

1 Seltselected overground walking speed (+)

1 Seltselected overground walking distance (+)
1 Balance+)

1 Mobility and function {)

1 Cadence and symmetry) (

1 Level of disability-f

1 Quality of life measures)(

9 Scale for Contraversive Pushinp (

1 Walking ability {)

electromechanical gait device (LokoHelp) 1 Gait velocity {)

C: Tasloriented gait training

1 Rivermead Mobility Index)
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TPS=acute

Hornby et al(2008) E: 12 training sessions at similar speeds, | 1 Gait speed+)
RCT(6) with guided symmetrical locomotor

N=48 assistance using a robaotic orthosis

TPS=chronic C: 12 training sessions using manual

facilitation from a single therapist using al
assistasneeded paradigm

Forrester et al(2014) E: Robotic training using dorsi plantar |1 Gait velocity {)

RCT (6) flexion of the ankle with an ankle robot | 1 Ankle range of motion-]

Nstar=39 supporting the paretic leg to control 1 Mean paretic to norparetic steptime ratio (+)
Nen=34 movements in video games 1 Mean angular velocity (+)

TPS=acute C: Manual training with a physical

therapist, for the paretic ankle in dorsi
plantar flexion and inversion/eversion
motions with movements mathing the
robotic training group

Monticone et al(2013) E9ESNDAASA 6KAE S 6 &vGatspeed(+)

RCT (7) C: Same exercises without the suit. 1 Cadence (+)

Nsiar=60 1 Paretic step length (+)

Nen=50 1 Healthy step length (+)
TPS=acute 1 Berg Balance Scale (+)

1 Functional Independence Measure (+)
1 Barthel Index (+)

TeaWoo Kimet al.(2014) | E: Sideways gait training on a treadmill w, 1 Walking speed (+)

RCT (5) eye patches on their eyes 1 Step length of the affected and unaffected limk
Nstar=24 C: Sideways gait training on a treadmill (+)

Nen24 without eye patches 1 Stride length of the affected and unaffected
TPS=chronic side(+)

Choi et al(2013) E: Application of taping + therapeutic 1 Straight line walking test)

RCT (4) exercise 1 Berg Balance Scale (+)

Nstar=30 C: No application of taping + therapeutic | 1 10-metre Walk Test (+)

Nen30 exercise

TPS=NA

- Indicates nosstatistically significant differences between treatment groups
+ Indicates statistically significant difémces between treatment groups

Discussion

A variety of robotic devices have been used to help improve lower limb function after stroke. Several
authors have reported improved gait following the use of the Gait trainer in acute stroke patients (Ochi
et al. 2015; Morone et al. 2011; Werner et al. 2002; Tong et al. 2006; Peurala et al. 2009; Hesse et al.
2012). Conversely, Peurala et al. (2005) and Wdtara al. (2014) found no additional benefit of using

the Gait trainer on gait speed. In the chronic stroke population, the Gait trainer was not found to be
significantly different than conventional therapy at improving gait or balance (Fisher et al. R@dwik

et al. 2006; Dias et al. 2007). Similar findings were found in patients in the subacute stage of recovery
(Waldman et al. 2013; Dundar et al. 2014).

The Lokoman was studied in stages of stroke recovery, and was not found to be significantytdiffer
than conventional therapy regarding its effectiveness at improving lower limb motor function, gait, or
balance in the acute stroke population (Chang et al. 2012; van Nunen et al. 2015; Schwartz et al. 2009;
Mayr et al. 2007; Husemann et al. 2007). Ghedy reported improved gait and balance following the

use for the device in chronic stroke individuals (Ucar et al. 2014), while Westlake and Patten (2009)
found no added benefit on walking speed after using the Gait trainer.
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Conclusion®kegarding EleecbmechanicalAssisted and Other Devices

There is level 1a and level 2 evidence that the Gait Trainer device may improve gait in the acute
phase but not in the subacute or chronic phase of stroke recovery.

There is level 1a and level 2 evidence that thekomat may not improve gait and balance in the
acute phase of stroke recovery. The evidence is unclear and limited regarding the use of this device
in the chronic and subacute stroke phases.

The Gait trainer may improve gait but only when used in the sephase of stroke. The Lokomat
may not be beneficial at improving gait or balance in the acute phase of stroke recovery; however,
more research is needed to determine if patients in the chronic or subacute phase can benefit from
using this device.

9.8 Eéctrical Stimulation

Electrical stimulation has been used as a method to improve spasticity, muscle tone, sensory deficits and
pain reduction, which may lead to improvements in functional recovery. The application of an electrical
current to the skin stimiates lower motor nerves and muscle fibres resulting in improved contractility.
Electrical stimulation is typically administered via two methods, functional electrical stimulation (FES)
and transcutaneous electrical nerve stimulation (TENS).

A Cochrane ndew examined these two forms of electrical stimulation as a treatment for functional
motor recovery following strokgPomeroy et al., 2006)Twentyfour trials (2,077 subjects) were
identified that included subjects with both upper and lower limb hemiparesis. The authors concluded
that there was some benefit associated with treatmehnhe authors suggested that future research that
paid particular attention to issues of timing and dose was required before definitive conclusions could
be reached.

9.8.1 Transcutaneous Electrical Nerve Stimulation (TENS)

TENS is a form of treatment thdglivers electrical stimulation using a current intensity that it is beneath
Y202NJ 0KNBaK2t RT (GKS aSyal A2 y-an&f S Rt SSSiyd ¢ R S af QiNKA26dET
has been used most frequently as a means to reduce pain, it may also proacoteery of movement

or functional ability following stroke. Similar to acupuncture or FES, TENS is one method of achieving
increased afferent stimulatio(Sonde et al., 1998YENS is also used to treat focal spasticity.

Nine studies, of which six were RCTs, examined the efficacy of TENS on motor recovery. In five studies
the effect of TRIS on functioning was investigated in both the upper and lower extrefditgansson et

al. 2001; Peurala et al. 2002; Potisk et al. 1995; Rorsman & Johansson 2006; Tekeoglu et.al. 1998)
¢ S1 S 2MNE(1988)hypothesized that repeated application of TENS might decrease clinical spasticity
and improve motor function of the paretic extremity in the hemiparetic patient. The results from RCTs
examining TENS treaent are summarized in Table891.1

Table 9.8.11 Summary oRCTs Evaluatingransutaneous Electrical Nerve Stimulation (TENS)

Author, Year Main Outcome(s)
Study Design (PEDro Score) Intervention Result
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Sample Size
¢ $1 52 € (10985 i
RCT (9)
N=60

Johansson et a{2001)
RCT (8)
N=150

Chan et al(2015)
RCT (8)
Nstar=37
Nen37
Picelli et al(2014)
RCT (8)
Nstar=30
Nen=30

Park et al(2014)
RCT (7)

Nstar=34

Nend=29

Ng &HuiChan(2009)
RCT (7)

N=109

Yan et al(2009)
RCT (6)

N=62

Tyson et al(2013)
RCT (6)

N=29

Ng & HuiChan(2007)
RCT (6)

N=88

Tekeodlu et al(1998)
RCT (6)

N=60

Hussain et a2013)
RCT (6)

Nstar=50

Nen=30

Cho et al(2013)
RCT (5)
NStart:SO

I f | E: Basic neurophysiological rehab

treatment + Active TENS

E: Basic neurophysiological

rehabilitation

E1: Acupuncture
E2: TENS

C: Control

1 Barthel Index (+)

1 Rivermead Mobility Index)
1 Walking Ability {)

1 Barthel Index)

1 Nottingham Health Profile)

E1l: TENS + Task related trunk trainil § Dynamic Sttng Balance: E1/E2 vs C (+)

E2: PlacebdENS + TRTT

C: Placebo

1 Coordination: E1 vs. E2 (+); E1 vs. C (+)
1 Trunk Impairment Scale: E1 vs E2 (+)

E1: Therapeutic ultrasound (US) teetl 1 MAS (+) significantly differed between all grouf

affected leg calf muscles
E2: TENS

atT2and T3
1 MAS at T2 and T3: E3 vs E1 (+)

E3: 200 units of botulinum toxin type| 1 Ankle passive range of moti@t T2 and T3: E3 v
A to the gastrocnemius muscle belly| E1 (+) and E3 vs E2 (+)

on the affected side

E: TENS exercise plus therapeutic

exercise

C: Placebo TENS plus therapeutic

exercise

E1l: TENS
E2: TENS + exercise

E3: Placebo stimulation + exercise

C: No active treatment
El: TENS

E2: Placebo stimulation
C: Standard rehabilitation
E: Ative TENS

C: Sham TENS

El: TENS

E2: TENS + PT

E3: Sham TENS

C: No treatment control
E: Rehabilitation + TENS
C: Rehabilitation

E: Bobath and TENS
C: Bobath therapy

E: TENS
C: PlacebENS

1 MAS at all times: E1 vs EP (
1 Ankle PROM: E1 vs EP (

1 Modified Ashworth Scale (+)

1 6-minute Walk Test (+)
1 Timed Upand-Go Test (+)

1 Plantarflexor spasticity (+)
1 Ankle dorsiflexion muscle strength (+)

1 Muscle strength (dynamometer balance) (
1 10-meter walk test){)

1 Ankle dosiflexion torque (+)
1 Ankle plantarflexion (+)

1 Plantarflexor spasticity (+)
1 Gait velocity (+)

1 Barthel Index improvement (+)

1 Anklejoint dorsiflexion range of motion (+)

1 Strength of ankle dorexor muscles (+)

1 10-meter Walking Test (+)

1 Handheld goniometer for ankle dorsiflexion (+)

1 Manual muscle strength testing scale for streng
of ankle dorsiflexors (+)

1 Brunnstrom stage for motor function of lower
limb (+)

1 Modified Ashworth Scale (+)

1 Eyes open and eyes closed for postural sway
length (+)
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http://www.ncbi.nlm.nih.gov/pubmed/?term=tyson+2013+TENS
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http://jumdc.tuf.edu.pk/articles/volume-4/no-1/(22-29).pdf
http://www.ncbi.nlm.nih.gov/pubmed/23419328

Nen42 1 Handheld Dynamometer (+)
- Indicates norstatistically significant differeses between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Transcutaneous electrical nerve stimulation (TENS) is widely used for the treatment of pain, however
there is evidence that TENS is not tedito pain reduction but may also be used in promoting lower
limb movement recovery following a stroke. TENS may improve gait, spasticity, balance, range of
motion and muscle strengtfChan et al. 2015; Cho et al. 2013; Hussain & Mohammad 2013; Ng & Hui
Chan 2007, 2009Park et al. 2014; Tekeoglu et al. 1998; Yan@hHni2009) It is important to note

that one study found no difference between active TENS treatment and sham TENS tre@ipsemt et

al. 2013)suggesting that a placebo may be sufficientreating lower limb recovery following a stroke.
Furthermore there is limited evidence that TENS also improves performance of activities of daily living
(Tekeoglu et al. 1998)

Conclusions Regarding TENS treatment in the lower extremity

There is levella and limited level 2 evidence that transcutaneous electrical nerve stimulation may
improve gait, spasticity, balanceand ankle joint dorsiflexion range of motion and muscle strength.

Transcutaneous electrical nerve stimulation may improve gait, sjst, balance, muscle strength,
and ankle dorsiflexion range of motian

9.8.2 Functional Electrical Stimulation

Functional electrical stimulation (FES) in the lower extremity has been used to enhance ankle
dorsiflexion during the swing phase of gddimet al. 2012) Weak ankle dorsiflexion with plantarflexion
hyper tonicity results in a drop foot, which is typically corrected by an ankle foot orthosis (AFO). FES of
the common peroneal nerve during the swing phase of gait would appear to be a suittteatve.
Although not widely used or universally available, there is growing evidence that treatment with FES for
highly motivated patients, able to walk independently or with minimal assistance, can improve dropped
foot which in turn improves gait. Impvements in gait speed, cadence, and stride length have resulted
from this treatment(Kim et al. 2012)Both implantable and surface electrodes may be used. A meta
analysis by Glanz et #1.996)including four RCTi8owman et al. 1979; Levin & Hohan 192; Merletti

et al. 1978; Winchester et al. 1983)eported a favourable treatment effect associated with FES
compared to a no treatment control. The effect size associated with a statistically significant change in
paretic muscle force of contraction w863 (95% CI 0.29, 0.98), although the clinical significance of this
outcome was unclear. There were no other common outcomes among the four included studies.

A systematic revieWKottink et al. 2004hasalso evaluated the effect of FES treatment on gaibvery.

This review included eight studies, only one of which was an RCT, evaluating both implanted and
transcuaneous stimulators (Table 9.8.2.1he primary outcomes in this review were ssdfected
walking speed and the physiological cost indeX)(FRboled estimates of treatment effect only included
point estimates from three studies. The result suggested that FES treatment was associated with a 38%
(95% ClI, 22%4%) improvement in walking speed. Only two studies were included in the evaluétion o
improvement of PCI and the results were inconclusive.

Table 9.8.2.1Studies Included in the Systemat
Review by Kottink et al. (2004)
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A systematic review by Robbins et @006)evaluated 1 Bogataj et al. 1995
the effect of TENS and FES on gait speed and included] Burridge et al. 1997
the results from 8 studies, 4 of which were RCTs. FEST Granat et al. 1996
was associated with a significant treatmermtffect I Stefanovska et al.1988
although the effect size was larger in studies, which 1 Burridge etal. 1997
used multichannel FES compared to sirgflannel FES I Merletti etal. 1979

1 Walters et al. 1975
A Cochrane review examinetie use of all forms of.__f _Kenney etal. 2002
electrostimulation (ES) in the recovery of functional ability following stroke. Thisweassessed the
efficacy of functional electrical stimulation (both as a form of neuromuscular retraining and as a form of
neuroprosthesis/orthosis), transcutaneous electrical nerve stimulation, EMG and electroacupuncture
(Pomeroy & Tallis 2000Twentyfour RCTs evaluating the efficacy of treatment on both the upper and
lower extremities were included. Only three outcomes vyielded a benefit of treatment that reached
statistical significance: i) ES improved motor impairment active joint range of movem#ém lower
limb, compared to no stimulation; ii) improved-contraction of agonist and antagonist muscles for the
comparison of ES compared with placebo and improvedegkr scores for the comparison of ES vs.
conventional therapy. The authors conclutéhat further research is required to confirm a benefit of
treatment.

Individual studies that evaluated the effects of FES on lower extremity are found in Table
9.8.2.2 below.

Table 9.8.2. Summaryof RCTEvaluatingElectrical Stimulation

Author, Yer
Study Design (PEDro Intervention Outcome
Score)
Sample Size
Spacih et al(2014) E: Physiotherappased gait training 1 Gait velocity: Es/C (+)
RCT (8) combined with activation of the 1 Gait cycle duration: at 6mo post E vs. C (+)
Nstar=30 nocioceptive withdrawal reflex by FES p 1 Stance duration: at 6mo post E vs. C (+)
Nen28 the arch of the foot 1 Stance time symmetry ratio: E vs. C (+)
C: Physiotherappased gait training 1 Functional Ambulation Category: at 6mo p&sts.
alone. C(+)
Morone et al.(2012) E: FES WalkAide + Conventional 1 Tenmeter Walking Speed Test (+)
RCT (8) physiotherapy 1 Functional Ambulation Classification (+)
N=20 C: Conventional physiotherapy 1 Barthel Index+)

1 Rivermead Mobility Index)
Yamaguchi et a(2012) E1: Electrical stimulation with passive |1 Gait speed (+)
RCT (8) locomotion like movement 1 MAS §)
N=27 E2: Electrical stimulation alone
C: Passive locomotieike movement

Ambrosini et al(2011) E: FE$hduced cycling training 1 Gait speed

RCT (8) C: Placebo FES cycling

N=35

Suh &Hen (2014) E: Interferential Current Therapy group | 1 Functional Reach Test (+)

RCT (8) (stimulation of the gastrocnemius in 1 Berg Balance Scale (+)

Nstar=42 conjunction with an alpump massage)

Nen42 C: PlacebdCT group.

Bae et al(2014) E: Robofassisted gait training combide |1 Maximal knee flexion at post intervention (+)
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http://www.ncbi.nlm.nih.gov/pubmed/24607801
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RCT (8)

Nstar=20

Nen=20

Daly et al(2006)
RCT (8)

N=32

Kunkel et al(2013)
RCT(8)

NStart:21

NenE21

Everaert et al(2013)
RCT (7)

N=93

Daly et al(2011)
RCT (7)

N=54

Tan et al(2014)
RCT (7)
NStart:55

Nen=37

You et al(2014)
RO (7)

Nstar=42

NEnd:37

Kottink et al.(2010)
RCT (7)

N=29

Yavuzer et a(2007)
RCT (7)
N=30

Knutson et a(2013
RCT (6)

N=24

Janssen et a(2008)
RCT (6)

N=12

Yan et al(2005)
RCT (6)

N=%6

Salisbury et {2013
RCT(6)

Nstar=16

Nen14

Bogataj et al(1995)
RCT (6)

N=20

with Functional Electrical Stimulation.
C: Robofassisted gait training only.

E: Functional Neuromuscular Stimutati |1 Tinetti gait scale (+)
using intramuscular electrodes (F\3)
C: No FNS

E1: Exercises & Functional Electrical
Stimulation (FES)

E2: Exercisalone

C: Usual care

E1l: Arm 1 received FES WalkAide 1 Figure8 Walking Speed)(

(footdrop stimulator) in phase 1 then AF| 1 TenMeter Walking Speed Tes) (

in phase 2 1 Modified Rivermead Mobility Index)(
E2: Arm 2 received the reversehedule.

C: AFO in both phases

E: IntramusculaFES (electrodes were |1 G.A.LT (+)

implanted into 8 muscles)
C: No FES

El: Fourchannel FES

E2: Duathannel FES

C: Placebo Fotrhannel FES

1 Time taken to walk 1n in normal walking (sec))(
1 Time taken to walk 10n infast walking (sec))
1 Striding stance-|

1 FugtMeyer Assessment: E1 vs. E2 (+)

1 FugtMeyer Assessment: E1 vs.-L (

1 Postural Assessment Scale for Stroke patiefs:
vs. CH

1 Berg Balance Scale: E1 vs. C (+)

E: FES 1 Modified Barthel Index (+)

C: No FES therapy 1 Berg Balance Scale: at 3 weeks (+)

1 FugtMeyer Assessments (+)

E:Implantable twechannel peroneal
nerve stimulator for correction of their
drop foot

C: Conventional walking device

E: Sensy amplitude electrical
stimulation treatment for 10 min

C: Traditional therapy program

1 Healthrelated quality of life (+)

1 Gait speed
1 Brunnstrom {)

E:Contralaterally controlled
neuromusclar electrical stimulation 1 Modified Emory Functional Ambulation Profik (
C: Cyclic neuromuscular stimulation 1 Gait Velocity 4

E: Cychg exercise, one with electrical | 1 Gait speed)

stimulation evoking muscle contractions| 1 Balance+)

C: Electrical stimulation without evoking

muscle contractions.

E1: Standard rehabilitation with FES | 1 Discharge home following inpatient rehabilitation
E2: Placebo stimulation (+)

C: Alone

E: Routine gait reducation with an FES | 1 10-meter walk test )

orthotic device 1 Functional Ambulation Classification (

C: Routine gait reducdion 1 Stroke Impact Sale)(

1 FugtMeyer Score-

E: Multichannel functional electrida
stimulation therapy + standard therapy
C: Standard therapy

1 FugtMeyer Assessment (+)
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http://www.ncbi.nlm.nih.gov/pubmed/16322492
http://www.ncbi.nlm.nih.gov/pubmed/?term=Functional+Electrical+Stimulation+With+Exercises+for+Standing+Balance+and+Weight+Transfer+in+Acute+Stroke+Patients%3A+A+Feasibility+Randomized+Controlled+Trial
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http://www.ncbi.nlm.nih.gov/pubmed/?term=The+effectiveness+of+functional+electrical+stimulation+based+on+a+normal+gait+pattern+on+subjects+with+early+stroke%3A+a+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=Functional+electrical+stimulation+early+after+stroke+improves+lower+limb+motor+function+and+ability+in+activities+of+daily+living
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http://www.ncbi.nlm.nih.gov/pubmed/17532891
http://www.ncbi.nlm.nih.gov/pubmed/23867888
http://www.ncbi.nlm.nih.gov/pubmed/18295624
http://www.ncbi.nlm.nih.gov/pubmed/15569875
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+feasibility+study+to+investigate+the+clinical+application+of+functional+electrical+stimulation+(FES)%2C+for+dropped+foot%2C+during+the+sub-acute+phase+of+stroke+-+A+randomized+controlled+trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=bogataj+1995+electric+stimulation

Cozean et a[1988)
RCT (6)
N=36

Chung et al(2015)
RCT (6)
Nstar=10
Nend=10

Yavuzer et al2006)
RCT (6)
N=25

Bethoux et al(2014
RCT (6)

NStart:495

Nen=399

Kim, Choi et a(2014)
RCT (5)

Nstar=30

Nend=30

Kojovic et al(2009)
RCT (5)

N=13

Kluding et al(2013)
RCT (5)
N=197

Kottnik et al.(2007)
RCT (5)
N=29

Newsam & Bakef2004)
RCT (5)

N=20

MacDonnel et al(1994)
RCT (5)

N=35

Sheffler et al2013
RCT (5)

Nstar=110

Neng=84

Ribeiro et al(2013)
RCT (5)

E1: Electromyography Biofeedback (BF| 1 BFB + FES group for indexes of knee flexion &
E2: Functional electrically stimtian dorsiflexion, stride length and gait cycle time (+)
(FES)
E3: Combined therapy with BFB and FE
C: Standard physical therapy regimen
E: Braircomputer interferencebased 1 Timed Upand-Go Test
functional electrical stimulatiofBCIFES) | 1 Berg Balance Scal§ (
(i.e. received ankle dorsiflexion training | 1 Cadence-}
with FES as per the Blidsed program) | Gait velocity {)
C: Ankle dorsiflexion training with FES |1 Step length+)
1 Stride length+)
E: Neuromuscular electric stimulation | Gait kinematics-§
(NMES) treatment of the tibialis anterior| § Brunnstrom scores-
muscle + traditional therapy program
C: Traditional therapy program
E: WalkAide functional electrical
stimulation (FES) system (WA)
C: Ankle foot orthosis (AFO) brace

1 Gait Velocity 4
1 Stroke Impact Scale)(
1 Modified Emory functional ambulation profile) (

E: Poprioceptiveneuromuscular
facilitation combination patterns and
kinesio taping 1 10-meter Walk Test (+)

C: Neurodevelopmental treatment 1 Stride Stance (+)

E: Fuctional electrichstimulation during | 1 Walking speed, Barthel Indéx)
walking with a four channel stimulator
targeting 4 muscle groups

C: No FES

E: Surface FES

C: Standard AF

1 Ankle dorsiflexion (+)
1 Berg Balance Scale (+)

1 10-meter Walking Speed)(
1 FugtMeyer Score-

1 Timed Up and Go)(

1 SixMinute Walking Test
1 Berg Balance Scal (

E: mplantable 2channel peroneal nerve | 1 Walking speed (+)
stimulator forcorrection of their drop
foot

C: @nventional walking device, consistir
of an anklefoot orthosis,orthopedic
shoes, or no device

E: Electrical Stimulation Facilitation
program + &ndard therapy

C: Standard therapy

E: @clical electrical stimulation with an
exercise and physical therapy program
C: &lf-exercise program independently
with an exercise and physical therapy
program

E: Peroneal Nerve Stimulation

C: Usual care group.

1 Motor unit recruitment (+)

1 Functional Ambulation Scores (+)

1 Modified Emory Functional Ambulation profile (+)
1 Stroke Specific Quality of Life score (+)

E: Proprioceptive neuromuscular
facilitation training

1 Maximum ankle dorsiflexion during swing phase
1 Functional ambulation category)(
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http://www.ncbi.nlm.nih.gov/pubmed/3288172
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+brain-computer+interface-based+functional+electrical+stimulation+on+balance+and+gait+function+in+patients+with+stroke%3A+preliminary+results
http://www.ncbi.nlm.nih.gov/pubmed/16571394
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Effects+of+Peroneal+Nerve+Functional+Electrical+Stimulation+Versus+Ankle-Foot+Orthosis+in+Patients+With+Chronic+Stroke%3A+A+Randomized+Controlled+Trial
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Effect+of+Muscle+Facilitation+Using+Kinesio+Taping+on+Walking+and+Balance+of+Stroke+Patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=kojovic+2009+stroke
http://www.ncbi.nlm.nih.gov/pubmed/23640829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kottink+2007+stroke
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newsam+2004+stroke
http://www.ncbi.nlm.nih.gov/pubmed/?term=Functional+electrical+stimulation+to+the+affected+lower+limb+and+recovery+after+cerebral+infarction
http://www.ncbi.nlm.nih.gov/pubmed/?term=Randomized+Controlled+Trial+of+Surface+Peroneal+Nerve+Stimulation+for+Motor+Relearning+in+Lower+Limb+Hemiparesis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+treadmill+training+with+partial+body+weight+support+and+the+proprioceptive+neuromuscular+facilitation+method+on+hemiparetic+gait%3A+A+randomized+controlled+study

Nstar=25 C: Treadmill training with pagl body 1 National Institute of Health Stroke Scak (
Nen23 weight support 1 Modified Ashworth Scale)(
1 Stroke Rehabilitation Assessment of Moveme#jt
1 Motor-Functional Indeprdence Measure-}
1 Kinematic Analysis)(

Tong et al(2006) E1: @it training using an electrical gait |1 FiveMeter Walking Speed Test (+)
RCT (4) trainer (EGT) 1 Berg Balance Scalg (
N=46 E2: @it training using an 1 Elderly Mobility Scale (+)
electromechanical gait trainer with 1 Barthel Index-)
functional electric stimulation (EGAES) | 1 Motricity Index Leg Subscale (+)
C: ®©nventional gi training (CGT) 1 FIM Instrument Score)
1 Functional Amblatory Category (+)
Chen et al(2005) E: Electrical Stimulation 1 Walking speed, lower limb spasticity)
RCT (4) C:Placebo stimulation
N=24
Kim et al(2013) E1: Sitting position for receival of FES |1 Functional Reach Tes) (
RCT (4) E2: Standing position for receival of FE{ 1 Functional Independence Measurg (
Nstar=9 1 Timed Upand-Go Test+)
Nen9
Shendkar et a(2015) E:FES 1 Pulling acceleration (+)
PCT C: @nventional physiotherapy 1 Swing Power (+)
Nstar=34 1 Ground Impact (+)
Nen28 1 Alpha peak frequency (+)

1 SEMG RMS value (+)

1 Mean power frequeny (+)

1 Median power frequency (+)
- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Generalizations of the effectiveness of the treatman¢ difficult to make due to variations in the type
of stimulation (singleehannel vs. multichannel units), intensity of treatment, patient acceptability and
compliance, additional treatments provided (i.e. routine physiotherajlyO¥as well as the timgpand
choice of outcome measurement.

Peroneal nerve stimulation has been shown to improve gait sifkettink et al. 2007and balancgKim

et al. 2012) Multiple studies(Daly et al. 2004; Macdonell et al. 1994; Morone et al. 201R)e also
reported that FES, when combined with physiotherapy, was superior to physiotherapy alone in
improving certain elements of ambulation. Burridge et @l997) found that FES combined with
physiotherapy, significantly improved gait speed while reducing energy costsacethgo those
receiving physiotherapy alone; however, the benefit was only evident when the stimulator was being
used and there was no carryover effect. Daly ef(2006; 2011)kevaluated the effect of intramuscular
functional neuromuscular stimulation whecombined with overground walking training and bedy
weight supported treadmill training and reported that patients in the experimental group improved
more on a number of gait assessments. Knutson ef28l13)investigated contrdaterally controlled
veraus cyclic neuromuscular stimulation combined with gait training by a physiotherapist. The authors
did not report any differences between groups, although when the data from both groups were
combined, improvements in the Fulyleyer score were reportedKnutson et al. 2013)there was no
sham FES control group.
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FES in combination with other therapies has shown mixed results. Cozear(¥88)found that FES
combined with biofeedback produced better results than standard physical therapy or FES or
biofeedback alone. Kim et a{2012)reported that individuals receiving F&Ssisted treadmill training,
when combined with augmented reality, had greater improvement in gait than those receiving FES or
no-FES treadmill training.

Ankle foot orthoses are commonlused in the treatment of drop foot, with or without FES. Three
studies have examined the benefit of using the Odstock Dropped Foot Stimulator (BDidEpe et al.,

1997; Taylor et al., 1999; Sheffler et, 006) Sheffler et al(2006)reported that a traditional AFO was
most effective in improving walking performance compared with either no device or the ODFS. The
authors speculated that patients likely needed a longer period of time to become accustonibd

ODFS in order to realize a benefit of treatment. Everaert e2@tl3)investigated the WalkAide ankle

foot stimulator compared to an AFO in a cras®r RCT and found that over 12 weeks there were no
significant difference in walking speed betwedevices and that individuals in both groups produced
equivalent functional gains. In a larger study comparing FES to an AFO, Kludin@@&t3ktoncluded

that while improvements were observed in both groups on multiple gait outcomes, there was no
significant difference between the two. Although, Swigchem e(2012)reported that individuals using

FES had greater obstacle success rates than when they used an AFO and that these rates were highest
among those with the poorest muscle strength.

Two trials have evaluated the effectiveness of fittibiced cycle training. One trial recruited patients
within 6 months of stroke and reported a benefit of treatment, while Janssen g2@08)included
patients with chronic stroke and reported no bengfmbracsini et al. 2011; Janssen et al. 2Q08he
sample sies of both studies were small.
Conclusion for Functional Electrical Stimulation in Lower Extremity

There is level 1a and level 2 evidence that FES may improve gait, balandeange of motion

There is level 1b evidence that interferential cemt therapy may improve balance.

There is level 1b and limited level 2 evidence that peroneal nerve stimulation may improve gait and
quality of life poststroke.

There is level 1a evidence that neuromusmuélectrical stimuation may not improve gait.

Functional electrical stimulationperoneal never stimulationand interferential current stimulation
may improve gait; however, neuromuscular electrical stimulation was not found to have the same
bereficial effect.

9.8.3 Repetitive Peripheral Magnetic Stimulation

Repetitive peripheral magnetic stimulation (rPMS) has not been widely researched as a rehabilitative
therapy for lower limb recovery postroke. As a result, a single group of researchers question
whether the technique could be used effectivelyttie stroke population (see Table 9.8.3.1).

Table 9.8.3.1 Summary &CT(sRepetitive Peripheral Magnetic Stimulation (rPMS)

Author, Year
Study Design (PEDro Score PEDro Score Outcome
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Sample Size

Beaulieu et al(2015) E: RepetitivdPeripheral Magnetic 1 Plantar flexor resistance to stretch: E vs. C2 (
RCT (7) Stimulation 1 Active dorsiflexion range of motion ( DF ROM;
Nstar=32 C1: Sham vs. C1 (+)

Nen =32 C2: Healtly Control

- Indicates norstatistically significant differences between treatment groups
+Indicates statistically significant differences between treatment groups

Discussion

Repetitive peripheral magnetic stimulation (rPMS) for lower limb recovery following a stroke is limited
research topic. However, one studBeaulieu et al. 20153omparedrPMS to two different control
conditions, one a sham stimulation and the other healthy control participants. Results showed a
significant decrease in resistance to stretch of the plantar flexors between the rPMS and healthy control.
Furthermore, the rPN group showed significant improvement in active range of motion compared to
the sham group. These results suggest that rPMS may improve foot musculature strength and ankle
range of motion.

ConclusiorRegarding Repetitive Periperal Magnetic Stimulation

There is level 1b evidence that rPMS may improve foot muscle strengthaaiée range of motion.

Repetitive peripheral magnetic stimulatiomay improve foot muscle strength andankle range of
motion.

9.9 Medications Used in Motor Recovery Followingl&ir

Medications to improve either motor function or recovery post stroke have been investigated in a series
of small clinical trials and retrospectively, through a large, longitudinal study. TheSPokée
Rehabilitation Outcomes Project (PSROP) was ge,laprospective, multicenter study of stroke
rehabilitation that included data from a total of 1291 patients, located in six hodpitséd
rehabilitation centres within the United States and one in New Zealand. In one of these studies,
medication usage wsatracked(Zorowitz et al. 2005)The charts of each patient admitted to a US
institution (n=1,161) were reviewed for MD orders for: methylphenidate, modafinil, levadopa,
amantadine or bromocriptine. Eighty percent of patients did not receive any of theeraentioned
medications. Twentghree (2%) of patients received one of these medications for 3 days or fewer. The
remaining patients received meds for four or greater days. Overall, hospital LOS was longer among
patients who received neurostimulants fdd days compared with those who either received them for

¢3 days or who did not receive neurostimulants at all (25.7 vs. 15 vs. 17.1 days; p<0.0001). A greater
proportion of patients with severe stroke who didot receive neurostimulants returned home
compaed with patients who received at least one day of neurostimulation (233/326 vs. 65/164,
p=0.013). The only conclusions that the authors could draw from this study was that further studies,
with larger sample sizes were required.

A systematic review euvzhted the benefit of drugs influencing neurotransmitters on motor recovery

following stroke(Berends et al. 20095ix studies evaluating a broad range of drugs were included (i.e.,
antidepressants, amphetamine/methyphenidaa@d levadopa). The outcomes assessed included the BI
and the FIM. Methylpenidate, tarazadone and nortriptyline were associated with improved motor
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function. Recognizing that the studies differed from each other in many respects, Berend§2608).
conclided that there was insufficient evidence to recommend their use.

9.9.1 Noradrenergic Agents
This class of drug includes amphetamines, methylphenidate &@RS.

Amphetamines

Amphetamines increase the release of noradrenaline and dopamine in the bmdiraet as potent
stimulants. They have been shown to accelerate motor recovery following motor cortex lesions in the
rat model (Feeney et al. 1982kspecially when combined with taskecific training. Amphetamines
have also been shown to enhance plasti@anges in motor learning in both animals and hum@ree &

Ma 1995; Soetens et al. 1993}here is evidence that norepinephrine appears to be the most important
neurotransmitter for amphetaminénduced recovery(Martinsson et al. 2007)A few RCTs have
investigated the efficacy of this promising drug; however, most have failed to account for the
confounding effects of depression. Amphetamines are also associated with clinically significant side
effects such as insomnia, anorexia and elevated heart(taiey & Young 2003)

A recent Cochrane review authored by Martinsson ef2007)concluded that there was no evidence to
suggest that amphetamine use was associated with a reduction in death or dependence. In fact, there
was an indication of an increasedk of death associated with amphetamine use, although the author
attributes this, in part, to imbalances in baseline characteristics between the groups. However, based on
the results from six RCTSs, there was improvement in motor function, as assesshd BygiMeyer

scale (weighted mean differenags.14, 95% C¢10.4 to ¢1.90). The authors concluded that further
research is required. The results from RCTs evaluating the efficacy of amphetamines are presented in
Table9.9.1.1

Sprigg and BatfR009)alsoreported that there was no evidence of enhanced motor recovery following
treatment with amphetamine, in a review that included the results from 11 trials (329 subj¢iats)
also raised questions about safety.

The results of the RCTs examining thee&f of amphetamine on motor recovery are summarized
below.

Table 9.9.1.1 Summary ®RCTs Evaluating theffects of Amphetamine on Motor Recovery

Author, Year Intervention Outcome
PEDro Score
Sade & LokK2007) E1: 20mg amphetamine +dopa placebo + 1 Barthellndex €)
RCTY physiotherapy 7 Fugl Meyer+)
N=30 E2: 10mg amphetamine + 50mglbpa +
physiotherapy
E3: Amphetamine placebo + 100mgldpa +
physiotherapy
E4: Amphetamine placebo +dopa placebo +
physiotherapy
Sonde et al(2001) E: 10mg Amphetamine (10 doses total) 1 Barthel Index
RCTY) C: Placebo 1 FugtMeyer ()
N=39
Treiget al.(2003) E: 10mg Amphetamine (10 doses total) + 1 Rivermead Motor Assessment: Leg and Tru
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RCTY) physiotherapy subscale

N=24 C: Placebo + physiotherapy 1 Barthel Index)
Martinsson et al(2003) | E: 10mg Amphetamine (10 doses total) + 1 FugtMeyer ()
RCT (7) physiotherapy
N=30 C: Placebo + physiotherapy
Martinsson et al(2003) | E: Amphetamine + 385min/d of physiotherapy |1 National Institute of Health Stroke Scak (
RCT (7) 2/d 1 Lindmark Motor Assessment Chai} (
N=45 E2: Amphetamine + 15 min/d of physiotherapy | 1 Activities Index

5/d
Crisostomeet al.(1988) E: Amphetamine (2.5, 5 or 10mg) 1 Lindmark Motor Assessment Chart{d) (+)
RCT (7) C: Placebo 1 Lindmark Motor Assessment Chart3ino) ¢)
N=8 1 Activities Index

7 10-Metre Walk Test
Walke-Baston(1995) E: Single 10mg Amphetamine + physiotherapy | 1 FugtMeyer (+)
RCT (7) C: Placebo + physiotherapy
N=10
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences betweeratreent groups

Discussion

Eight good quality studies examined the effects of amphetamine on motor recovery following stroke.
Overall, there did not appear to be a significant treatment effect, despite positive animal studies and a
physiologicallsbased mehanism of action. There was significant heterogeneity among studies which

could have affected the interpretation of results: i) the doses of drug ranged from 2.5mg to 30 mg, ii)
the total number of doses of drug ranged from 1 to 11 iii) treatment duratiaried, iv) patients with

mild, moderatesevere paresis and all levels of stroke severity were included; v) timing of intervention

and assessment of outcome varied from several days to several weeks post stroke.

Seven of the eight studies investigatdwetuse of amphetamines in combination with physiotherapy, of
which five did not reveal any significant differences between patients prescribed amphetamines and
patients given a placebo. Of these seven studies, four used theMieygr Assessment (FMA) tasess
motor recovery. BottCrisostomo et al1988)and WalkerBatson et al(1995)reported significant gains

in favour of amphetamines on the FMA compared to a placebo with the latter study observing positive
outcomes at 1 year followp. However, both hese studies did not stratify the results based on the
upper and lower extremity subscales of the FMA. Interestingbnde and Lokk2007) Sonde et al.
(2001)and Gladstone et al2006)stratified their results based on upper and lower extremities and
reported no significant gains on lower extremity functioning after treatment of amphetamines. This
RAAONBLI yOe KAIKEAIKGA GKS ySSR FT2NJ ALISOATAO 2 dzi
sufficient when investigating motor recovery. All three saglstate that dosages may have been too
small, with Sonde and Lokk2007)and Gladstone et al(2006) also suggesting that the intensity of
physiotherapy may not have been sufficient to induce significant changes.

Treig et al(2003)also investigated th use of combining amphetamine treatment with physiotherapy
but did not use the FMA. LikBonde and Lokk2007)and Sonde et al(2001) Treig et al.(2003)
observed functioning pertaining to activities of daily living (ADLs) as measured by the Bartxehiod

did not find any significant gains. Further, no differences between the experimental and control group
were reported on the Rivermead Motor Assessmeénteig et al.(2003) note that the physiotherapy
provided in their study followed the neurodevelmgntal approach aimed at restoring movement
control in which exercises are mostly performed in sitting or lying positions. The lack of functional
maneuvers practiced by the patients may be a potential reason for a lack of improvement in this field.
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However as other studies have suggested, it may be that amphetamines are simply not efficacious in
motor recovery of the lower limbs.

Martinsson et al(2003)assessed the efficacy of amphetamine treatment only without a physiotherapy
protocol although patientslid receive physiotherapy, occupational therapy or speech therapy during
the study period. A significant improvement was noted during assessments at days 1, 2, 3, 5 and 7
compared to the placebo group but this effect tapered and was-significant at 1 ad 3 month follow

ups. A potential explanation for this may be due to the daily administration of amphetamines causing a
depletion in neurotransmitters thereby inducing a tolerance eff@obuise Martinsson et al. 2003)
WalkerBatson et al.(1995) noted they addressed this concern by administering doses every 4 days
instead of daily and still reported significant improvements thus suggesting that a reduction in dosage
frequency could still prove efficacious.

The following graph illustrates the resultsan RCT by Treig et 8003 that investigated the effects of
a combination of dexamphetamine and physical therapy on stroke patients.

Conclusions Regarding Noradrenergic Agents

There is level 1a evidence that amphetamines may moprove lower limbfunction.

Amphetamines may not improve lower limb functionahpairments

Methylphenidate

Methylphenidate  increases  endogenous noradrenaline and dopamine by  blocking
catecholaminereuptake thereby affecting noradrenergic and dopaminergic moduldtiokk et al.

2011) The use of this drug (Ritalin) for motor recovery following stroke has been examined in two RCTSs.

Table 9.9.1.2 Summary &CTs Evaluating tHeffect of Methylphenidate on Motor Recovery

Author, Year Intervention Main Outcomg(s)
PEDro Score Result
Lokk et al(2011) E1: Methylphenidate 1 Barthel Index (mean change) (+)
RCT (8) E2: Levadopa 1 Barthel Index (3 & 6mos followp) €)
N=100 E3: Methylphenidate + Levadopa 1 FugtMeyer Assessment (mean change) (+)
C Placebo 1 FugtMeyer Assessment (3 & 6mos follawp) ¢)

1 NIHSS Scores (3 & 6mos follap) ()
1 NIHSS Scores (mean changg) (

Grade et al(1998) E: Course of methylphenidate (max daily do 1 Functional Independence Measure (+)
RCT (7) 30mg) 1 FugtMeyer Assessment)
N=21 C: Placebo in addition to routine therapy | ¢ FugtMeyer Assessmer(k80 at baseline)Y

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Two RCTs investigated the use of Methylphenidate in lower extyensitovery with largely mixed
results.Lokk et al(2011)reported significant improvements in mean change from baseline to 6 month
follow-up with greater gains reported in the Levodopa group, although the Methylphenidate + Levodopa
group achieved compar#d gains. However, raw scores at 3 and 6 month follps did not differ
significantly between all four groups. SimilaBrade et al(1998)reported a significant improvement in
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gains on the Functional Independence Measure (FIM) from baseline tergasinent but no between

group difference in improvement on the Feideyer Assessment (FMA). A ceiling effect was observed
on the FMA and so patients with a score less than 80 were analysed separately. Greater gains compared
to the placebo group were notedithin this subgroup but these did not reach statistical significance. It
could be suggested then that Methylphenidate may be more efficacious in patients with greater motor
deficits than those of a milder disposition. As Methylphenidate stimulates theaseke of dopamine,
patients may have experienced an increase in motivation, mood and mental status thereby resulting in
an increase in participatiofGrade et al. 1998])t should be noted that bothokk et al(2011)and Grade

et al. (1998) did not stratiffthe lower and upper extremity assessment scores of the FIM and FMA thus
it is unclear as to the extent of improvement, or lack thereof, in lower motor recovery specifically.
Conclusions Regarding Methylphenidate in Motor Recavery

Conclusions Regardingethylphenidate in Motor Recovery

There is level 1a evidence that methylphenidate not improve motor function following stroke.

| Methylphenidate may improve motorecovery; however, the evidence is currently limited. |

L-Threo-3,4-dihydroxyphenylserine (1DOPS)

L-Threodops is a central norepinephrine (NE) precursor, which is decarboxylated to N&rdmgatic
amino acid decarboxylaséishino et al (2001 reported that chronic neurologically stable stroke
patients treated with EDOPS significantly improvépk0.005) in FugWleyer Score (FMS) compared with
L-DOPS untreated patients over 2 days.

Table 9.9.1.3 Summary &ontrolled Trial(s) EvaluatingDOPS in Stroke Motor Recovery

Author, Year Intervention Main Outcome(s)
Study Design (PEDro) Results
Sample Size
Miyai et al.(2000) E: PT + OT + 200 mgheodops (EDOPS) 1 FIM Total (+)
PCT C:PT 1 FIM Mobility (+)
N=13 1 Ambulation endurance (+)

1 FugtMeyer Lower Extremity-J
1 FugtMeyer Balance-|
1 Gat speed §)

- Indicates noestatistically significant differences between treatment groups

+ Indicates statistically significant differences between treatment groups

Discussion

A PCT bwiyai et al.(2000)revealed significant improvements in functidnability and ambulation
endurance after IDOPS treatment and physiotherapy compared to physiotherapy alone. Although
patients significantly improved on the FIM Mobility subscale compared to the control condition, there
were no significant betweegroup dfferences in gait speed, nor on the Fityer Lower Extremity

and Balance subscales. This disparity within the findings may be the result of differing sensitivity and
specificity of the outcome measureNlishino et al.(2001)note that a significant inciese in cerebral

blood flow (CBF) to the ipsilesional hemisphere was observed, however lower extremity functioning
according to the FugWleyer Scale showed no significant improvement and there were no significant
correlations between CBF, performance on thegtMeyer Scale, and Metre gait speed. Gait speed
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significant improved, suggesting thaDOPS may be successful in the recovery of ambulation although
the mechanism for locomotor recovery is unclé¢ishino et al. 2001)

Conclusions RegardingOPS

There is limited level 2 evidence thaROPS may improve functional outcomes pastoke.

More research is needed to determine the effectiveness-&f@PS on lower limb motor function.

9.9.2 Dopaminergic Agents

Dopamine is a neurotransmitter thahdreases or reduces the activity of neurons. It has a variety of
influences on brain function, including playing a role in regulating attention, cognition, movement,
pleasure, and hormonal processes.

It has been suggested that dopamine is essential fotomlearning and may therefore play a role in
recovery following stroke. There is also an-aglated decline in dopamine receptors, transporters and
metabolism that may impair motor recovery following stroke, especially among older indivi{iRéEser
et al. 2008)

There have been two RCTs that have examined the effect of dopaminergic agents on motor recovery
following stroke.

Levodopa

Previous literature has suggested that the dopamine system is an important aspect of motor learning
therefore pharmactogical interventions may be useful adjuvant in motor rehabilitati®dsser et al.
2008) Levodopa is a dopamine precursor which, once it crosses the-bl@id barrier, is metabolised

to dopamine and converted to norepinephrine as dopamine cannot ctbssbloodbrain barrier
(Scheidtmann et al. 2001)evodopa is therefore used to increase dopamine levels. Research conducted
by Floel et al(2005)revealed that a single dose of Levodopa enhanced motor memory encoding in the
primary motor cortex of thepsilesional hemisphere relative to a placebo, but this particular study
consisted of a small sample and focused on movements of the thumb only. However, the use of
Levodopa appears to be promising. Only one RCT was identified for the recovery of loweeritgxtr
motor function, as outlined in Table 9.9.2.1.

Table 9.9.2.1 Summary ®RCT(shevodopa irLower ExtremityRecoveryPost Stroke
Author, Year

Study DesignREDro Intervention Main Outcome(s)
Scorg Result
Sample Size
Scheidtmann et a{2001) | E: Levodopa + decarboxylase inhibitor 1 Rivermead Motor Assessment (+)
RCT (8) C: Placebo
N=47

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistidly significant differences between treatment groups

Discussion
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The findings fromScheidtmann et al(2001) suggest that the use of Levodopa combined with a
decarboxylase inhibitor is a safe and effective treatment for lower limb motor recovery. Thergautho
note however that many patients with stroke located in the right hemisphere had to be excluded due to
severe aphasia and so it is unclear whether stroke location would affect recé@@nmgidtmann et al.
(2001) did not observe the mechanism of recovdmyt postulate, based on previous research with
different pharmacological treatments, that an enhancement in neuroplasticity, an increase in neural
sprouting and synaptogenesis, or simply an increase in mood and motivation may have contributed to
these resits. Further research examining the mechanism behind motor recovery after treatment is
required in order to full understand the effects of Levodopa on neuroplasticity.

Conclusions Regarding Levodopa in Stroke Recovery

There is level 1b evidence that laslopa may improve motor recovery.

More research is needed to determine the effect of Levodopa on lower limb improvement following
stroke.

Ropinirole

Ropinirole is a nowrgoline dopamine agonist, which mimics the effect of natural dopamine in the body
and produces dopamingike effects. Dopaminergic agonists cross the blbaain barrier and have
central effects of neurological and endocrine types. Agonists that can have influence over the central
nervous system have been found to have mixed results vétards to having a favourable effect on
motor ability post strokgCramer et al. 2009Ropinirole, a dopaminergic agonist, has been used in the
GNBFGYSyYyid 27F t Bidksieyad 2998 ad rektless &4 sy®irom@ushida 2006)0nly

one studyhas investigated the use of Ropinirole on lower extremity functioning post stroke as detailed
in Table 9.9.2.1

Table 9.9.2.1Summary oRCT(s) Evaluatirigopaminergic Agents ihower LimbRecovery
Author, Year

Study Design (PEDro Intervention Main Outcome(s)
Score) Result
Sample Size (N
Cramer et al(2009) E: Immediaterelease ropinirole (drug dose:| 1 Gait velocity {)
RCT (7) 0.25 to 4 mg once daily) 1 Gait endurance-|
N=33 C: Placebo 1 Fugl MeyerAssessment:)

1 Stroke Impact Scale)(

1 Barthel Index)

1 Hamilton Depression Scal§ (
- Indicates nosstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Disaission

Cramer et al(2009 compared Ropinirole with a placebo in the improvement of lower extremity motor
function following stroke but no differences were found. These findings may support theory that an
increase in dopamine doesot improve motor functbn. This may be the result of varying basal
dopaminergic levels due to the individual and specific features of the stroke experienced by the patients
(Cramer et al. 2009)The authors suggest that the intensity of the treatment may have been too mild
with all experimental group patients not achieving the desired 3mg dosage by the study end of 9 weeks.
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Moreover, an expectation effect may have occurred with 13 of 14 patients in the experimental correctly
guessing their treatment assignment compared to eightl in the placebo group. Further research
into the use of Ropinirole with the above methodological considerations addressed is needed.

Conclusions Regarding Ropinirole in Motor Recovery

There is level 1b evidence that ropinirole may not be superiorplacebo at increasing gait,
functional recovery and activities of daily living postroke.

More research is needed to determine the effectiveness of Ropinirole in lower limb motor reCO\#ery.

9.9.3 Serotonergic Agents

Selective serotonimeuptake inhibiors selectively block serotonireuptake rather than blocking both
serotonin and norepinephrine reuptake. Although they are most commonly used to treat depression
following stroke, their potential benefit for improving motor function has also been exafrima small
number of studiesA metaanalysis by Mead et a2013)on 56 randomized and nerandomized trials
concluded that SSRIs may reduce dependence, lessen disability and neurological impairment, and
improve depression and anxiety post stroke; alilgh, risks including seizures, bleeding and
hyponatremia should be considered. Mead et(2D13)state that large, high quality trials are necessary

to elucidate the true treatment benefits from SSRIs.

Citalopram

Citalopram (Celexa) is a selective serin reuptake inhibitor, which has been used to treat depression.
However, previous studies with rats have demonstrated that modification of serotonergic
neurotransmission also enhanced dexterity. One study has investigated this effect of-thbedfliseof

this drug in humans post stroke with promising results concerning hand dex{giitgl et al. 2008)It
remains unclear whether the potential benefit of citaopram is brought about through modulation of
motor cortex excitability or its amtlepressiveeffects. However, literature regarding the use of
Citalopram in motor function is extremely limited. Only one RCT was indentified in the use of Citalopram
in the treatment of motor recovery as detailed in Table 9.9.3.1.

Table 9.9.3.1 Summary ®RCT(s) Eluating Citalopram inLower LimbRecovery

Author, Year Main Outcome(s)
Study Design (PEDro) Intervention Result
Sample Size
Acler et al(2009) E: 10 mg/day of citalopram 1 NIHSS (+)
RCT (6) C: Placbko +physiotherapy 1 Barthel Index-)
N=20

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

There is currently a lack of evidence the use of Citalopram as a treatment for lower motor recovery.
Acler et al.(2009) revealed significantly greater gains on the Barthel Index (BI) and the National
Institutes of Health Stroke Scale (NIHSS) for patients in the experimental group compargthtebo.
Furthermore, it was reported that there was significantly greater intracortical inhibition in the motor
cortex in the contralesional hemisphere compared to patients in the placebo group. In addition, both
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groups demonstrated a significant ieese in excitability within the ipsilesional motor cortex. Previous
research using brain stimulation has suggested that a rebalance of cortical excitability is associated with
greater functional gaingLin et al. 2015; Wang et al. 2012)lthough these fidings seem to be
promising, it should be noted thahcler et al.(2009) did not specifically focus on lower extremity
recovery, rather, focusing on general functioning according to the Bl and NIHSS. Therefore these results
may hot be generalizable to patits requiring treatment for lower limb dysfunction. Future research
would be advised to directly observe the effects of Citalopram on lower extremity functioning, gait,
balance and strength.

Conclusions Regarding Citalopram

There is level 1b evidence dh citalopram may improve neurological function but not functional
recovery following stroke.

More studies are needed to investigate the effectiveness of Citalopram at improving lower limb
motor function.

Fluoxetine

Fluoxetine, like citalopram, is alsoSSRI. Four RCTs have examined the use of this agent in motor
recovery following strokeThe largest of the foufChollet et al. 201Iecruited patients specifically who
were not depressed and within 10 days following stroke, while the remainder inclpdtents at a

later stage of recovery and at least a portion of the patients were depressed at entry.

Table 9.9.3.2 Summary &CTs Evaluating Fluoxetine in Lower LiRdxcovery
Author, Year

Study Design (PEDro Intervention Main Outcame(s)
Score) Result
Sample Size

Chollet et al(2011) E: Fluoxetine (20 mg/day for 90 days) +| 1 FugtMeyer Motor Scale (Lower Limb) (+)
RCT (9) Physiotherapy
N=118 C: Placebo + Physiotherapy
Fruehwald et al(2003) E: Fluoxetine 1 Barthel Index+
RCT (9) C: Placebo 1 Scandinavian Stroke Scai (
N=54 1 Rankin Scale)(
Robinson et al2000) E: Nortriptyline (max 100 mg/d) 1 Functional Independence Measure (+)
RCT (8) E: Fluoxetine (max 40 mg/d)
N=104 C: Placebo
Mikami et al.(2011) E1: Fluoxetine 1 Functional Indegndence Measure-|
RCT (8) E2: Nortriptyline 1 Modified Rankin Scale (+)
N=83 C: Placebo
Dam et al(1996) E1: Maprotiline (150 mg/d) 1 Barthel Index: E1 vs E2 (+); E1 v§;E2 vs C-|
RCT (5) E2: Fluoxetine (20 mg/d) { Gait score: E1 vs E2 (+); E1 v§;ER vs G)
N=52 C: Placebo

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion
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The use of serotonin rewgke inhibitors in the recovery of lower extremity function has been revealed
mixed resultsChollet et al(2011)reported significantly greater improvement on the Figyer Motor

Scale (FMMS) Lower Limb subscale and Modified Rankin Scale (mRS) anmenis peteiving
Fluoxetine at postreatment. A potential explanation for these results could be that the main function

of the serotonergic system is to facilitate motor output which would allow for greater efficiency,
especially when combined with physii¢aining(Chollet et al. 2011)n contrast, Fruehwald et §R003)

did not report any significant differences between Fluoxetine and a placebo. However, this may have
been due to the fact the authors did not assess lower limb recovery specificalig asitnary outcome

of the study was depression, although the Scandinavian Stroke Scale does contain an assessment of gait.
The lack of specific lower limb assessment notwithstandirgehwald et al.(2003) revealed that
Fluoxetine did not assist in funeotial recovery compared to a placebo.

In comparison with Nortriptyline, a Tricyclic antidepressd®bbinson et al(2000) reported greater
improvements on the FIM in patients who received Nortriptyline than those who received Fluoxetine or
a placebo. Howeer, one could argue that the reported FIM scores may not be specific to lower
extremity only and so generalisability of the results may not be accurate. Further analyses of this dataset
by Mikami et al.(2011)revealed that patients receiving antidepressdreatment, regardless of type
(Nortriptyline or Fluoxetine), outperformed patients given a placebo on the mRSyearlfollowup,

which includes an assessment into walking abilikami et al.(2011)note that previous literature has
suggested that bth tricyclic antidepressants and SSRIs inhibit microglial production of proinflammatory
cytokines thereby resulting in neurogenesis and synaptic plasticity. The authors propose that both types
of antidepressant may be of benefit to stroke patients indegem of presence of depression. The
authors propose that both types of antidepressant may be of benefit to stroke patients independent of
presence of depression.

Further research is required to fully assess the use of serotonergic agents such as riduaxibti
greater emphasis and focus on lower extremity functioning such as gait, balance, and strength.

Conclusions Regarding Fluoxetine

There is level la evidence from higjuality, high-powered studies that fluoxetine may improve
motor recovery, ADL fuctioning may not be enhanced.

| Fluoxetine may improvenotor recovery following strokehowever, further research is necessatry.

9.9.4 Other Drugs

Almitrine + Raubasine (Duxil)

Duxil is a medication, which maintains oxygen availability following ischémke dy increasing partial
pressure of oxygen in the arterial blood supply. Hemoglobin oxygen saturation is also increased. While
these effects are most often associated with cognitive benefit, a single study was identified which
assessed the effects oukil on functional outcomeOnly one RCT examining Duxil was identified and is
detailed in Table 9.9.4.1

Table 9.9.4.5Summaryfor RCT(sEvaluating Almitrine and Raubasine

Author, Year Methods Outcomes
Study Design (PEDro Score
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Li et al.(2004) E:Almitrine + Raubasine 1 Barthel Index (+)
RCT (7) C: Placebo (2 tablets) 1 Neurological Functional Deficit Scores (+)
N=83 1 Hasagawa Dementia Scatp (

- Indicates norstatistically significant differeres between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

There were promising findings from the study conducted_bgt al.(2004)as patients receiving Duxil
exhibited significantly greater and gpker improvements in functioning and activities of daily living
compared to a placebo. Although the mechanism for these improvements are not discussed by the
authors, Li et al.(2004) note that severity of neurological deficit was not severe in the migjoof
patients and that function can recover without intervention therefore implying that Duxil may have
assisted natural recovery rather than being the sole facilitator. Further there was no significant
difference between the two groups concerning adveesents. However, future research using lower
limb specific outcome measures is required.

Gondusions Regarding Almitrine indnbination with Raubasine

There is level 1b evidendhat Almitrine in combination with Raubasinemay improve functional
outcomes post stroke.

Almitrine in combination with Raubasine may improve functional outcomes following stroke
however more research is needed.

Piracetam

t A NI OS (ramifiobatyratelderivative which has been marketed as a "nootropic" agent (a drug that
exerts an effect on metabolic activity in the human brain) and has recently been used in the treatment
of ischemic stroke. It is considered to be a neuroprotective drug which has the potential to improve
cognition and motor recovery post stroke. The exaxechanism of action of piracetam is not known,

but the drug is thought to increase regional cerebral blood flow and decrease glucose metabolism,
facilitating the release of acetylcholine and excitatory amino acids. The effects are thought to be
mediated through effects on the cell membrar(®e Deyn et al. 1997; Kessler et al. 200@acetam is

not currently available for use in Canada.

A Cochrane reviewonducted and updatety Ricci et al(2006)reported that piracetam administered
acutely following sbke was associated with a slight {retatistically significant) increase in death at one
month although the authors suggested that baseline imbalances in one of the three studies pooled may
have biased these results. The review included three trialsiimgp 1002 people, with the PASS trial
making up 93% of the data The odds ratios (and 95% CI) associated with death at one month,
dependency at 12 weeks and death or dependency at 12 weeks were 1.32 (0.96, 1.82), 0.90 (0.67, 1.20)
and 1.01 (0.77, 1.32), spectively. Drug administration was continued fromo212 weeks following

stroke. Although there was limited data, no difference was evident for functional outcome and
dependency of the treatment group compared with the control group.

Table 9.9.4. Summary of RCTs Evaluatingiracetam

Author, Year Main Outcome(s)
Study Design (PEDro Score Intervention Results
Study Sample
9. Mobility and the Lower Extremity pg.850f 177

www.ebrsr.com


http://www.ncbi.nlm.nih.gov/pubmed/15025850

Platt et al.(1993) E: Piracetam 1 Motor function according to a graduated

RCT (8) C: Placebo scale of ECT (+)
N=56

De Deyn et al(1997) E: Piracetam, 2g initially, then 12g/d for 4w| 1 Barthel Index-
RCT (8) and 4.8g for 8wks. 1 Orgogozo Scalg)
N=927 C: Placebo.

PASS

Enderby et al(1994) E: Piracetam, 8g/d 1 Barthel Index+)
RCT (6) C: Placebo

N=137

- Indicates norstatistically significant differences between treatment groups
+ Indicates statisticallgignificant differences between treatment groups

Discussion

Of the three studies that examined the effect of Piracetam on functional recovery, two reported that
Piracetam may not be efficacious in treating motor or functional deficits. SpecificallyEbd#rby et al.

(1994) and De Deyn et alreported that functional outcome did not differ significantly between
experimental and placebo groups. HowevBe Deyn et al(1997)uncovered a significant difference

after 12 weeks of treatment favouring the esqimental group but only among those who received
treatment within 6 hours of stroke onset. Time post stroke may then be a key variable in the efficacy of
Piracetam as patients treated beyond 6 hours did not demonstrate improvement in performance of
functioning and activities of daily living, as didy R S N & (1994jsaniple Wit Zaveraged 36.2 days

post onset. Furthermord)e Deyn et a1997)revealed a lack of significant differences between groups
regarding neurological improvement but noted thatethsample recruited into the study had
experienced a mild severity of stroke according to the Glasgow Coma Scale. It is plausible that the
patients had experienced a ceiling effect. Despite these unfavorable outcdntas, et al. (1993)
reported a signifiant improvement in lower motor function according to a graduated based on the
results of single photon emission computer tomography (SPECT), specifically the paretic leg, and
significantly greater improvement compared to a placebo. Further, 23 of 27 pst@@monstrated
functional improvement of leg motor movements compared to only 1 of 29 patients in the placebo
condition. Imaging technigues such as SPECT may be useful but movements such as gait and stability
deficits such as balance and posture may netagcurately measured by imaging. With assessments of
ADLs and neurological notwithstanding, there is currently a lack of published research using outcome
measures that focus specifically on lower extremity function. Further research is required.

Conclugns Regarding Piracetam

There is level la evidence that Piracetam mamgprove lower extremitymotor function but not
neurological status or ADL performance following stroke.

Piracetam may improve motor function but not ADL performance and neurologitals following
stroke.

9.10Spasticity and Contractures in Lower Extremities

Spasticity is common in stroke patients although it does not always require treatment. Treatments are
likely to be most effective in the subset of stroke patients with sevpestcity Gresham et al(1995)
notes that,a / 2y G NI} OGdz2NBa GKIFG NBAGNAROG Y2@SYSyd 27

A
(N
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NEKFOAEfAGHOARZY FYR YEe fAYAG GKS LI GASYydQa LRGSYD
at especially hilg risk of developing contracture. Prevention is the key to effective managEndent
(Gresham et al. 1995)

Spastic equinovarus foqositioningis a frequent complication following stroke, caused by spasticity of
the gastrocnemiustibialis posteriorand tibialis anteriormuscles. Treatment options include orthotic
devices (splints), physical therapy, botulinum toxiaurolysis with alcohabr phenol as well as susgy
(Deltombe et al. 2004)Presently there has been only a single study examining theantesa of
contractures, while there is a growing literature examining the treatment of spasticitygpaste.

9.101 Prevention of Contracture

Contracture of the ankle is a common sequeetd hemiparetic stroke and occurs as a consequence of
immobility, through a loss of length and extensibility of the calf muscles. The result may be reduced
ankle dorsiflexion and difficulties with such activities as walking or descending (Raiinson et al.
2008) While technigues such as standing on a tilt table iareommon use, they are time intensive
strategies and have not been wstudied.

Table 9.10.1 summarizes one RCT that evaluates the effect of a splint for the prevention of ankle
contracture.

Table 9.10.1 Summary ®&CT(s) Evaluatingontracture Preention
Author, Year

PEDro Score Intervention Outcomes
Sample Size
Robinson et al(2008) E: Splint with the affected ankle at plantar | 1 Passive ankle dorsiflexiof (
RCT (8) grade
N=30 C: Standing on a tilt table with the kie at

maximum dorsiflexion

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Based on the findings aboverhich were designed as an equivalency traaid designed without a true
control group, it appears that intervention with either a tilt table or a night splint can be used to prevent
contractures. The benefits of wearing a splint are that the treatment wigace during the overnight
hours and can be sustained over long periods of timeaddition, a splinis portable and easy to use.
When using a tilt table, maximum dorsiflexion can be achievbdrefore the treatment canbe
provided for shorter period¢Robinson et al. 2008However, the lack of a control group that did not
receive an intervention means it is unclear whether improvements were the result of treatment or due
to an external factor.

Conclusions Regarding the Use of Splints to Preventé@kintracture

There is level 1b evidence that both a tilt table and night splint may prevent ankle contracture in the
early period following stroke.

Splints and tilt tables are both effective in the prevention of ankle contracture
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9.10.2 Injection of Btulinum Toxin (BTX)

Botulinumtoxin (BTx)s a neurotoxin, which weakens muscles by blocking the release of acetylcholine at
the neuromuscular junction. The benefits Bifxinjections are generally realized within 3 to 7 days
following injection and arelosedependent. The effects have been studied extensively in the upper
extremity and last approximately 2 to 4 montfBakheit et al. 2000; Brashear et al. 2002; Francisco et
al. 2002; Simpson et al. 1996; Smith et al. 200Wo main types of BTx are daaie: Type A Botox®

and Xeomin® and Type BOysport®. BTx guidelines suggest a dose no larger than 600U to prevent
adverse effects and antibody developmelhtcobotulinum toxin(Xeomin®) which is free of complexing
proteins has beestudiedfor the upper limb spasticity with good effect. A single study has shown good
effect on reducing spasticitin the lower limb as welSantamato et al. 2013Although BTx has been
shown to reduce spasticity following stroke, it remains unclear whether this regulfsinctional
improvements The advantages of BTx include ostensible effect on the sensory system and the ability
to selectivelytarget certain muscle groups.

Lower limb spasticity, manifested most commonly as equinovarus foot deformity, is a oanditi
characterized by the development of reduced ankle dorsiflexion, often accompanied with forefoot
inversion. Typically, there is difficulty in the swing phase of the stride such that the forefoot strikes the
ground first instead of the heel. The deformeyso produces an inadequate base of support, which is
associated with balance and gait impairmgnMuscles which may be involvedinclude the tibialis
anterior, tibialis posterior, long toe flexors, medial and lateral gastrocnemius, soleus and extensor
hallicus longus. There have be@ur reports of BTx used to improveif§ knee gait following stroke
(Boudarham et al. 2013; Caty et al. 2008; Robertson et al. 2009; Tok et al. 2012)

A recent systematic review and mesaalysis included the results froétrials, 5 randomized controlled

trials and 3 singlgroup intervention studies examining the ability of BTx to increase gait ve(dctityy

et al. 2010) Data representing 228 subjects were available for pooled analysis. Treatment with BTx was
associsdb R gAGK | avylff AYLNRBO@SYSyd Ay 3AFLAG @St 20Aa0e8
0.033 to 0.353, p<0.018) representing iacrease, on average, of 0.044 metres/sec.

Table 9.10.2.1 Summary of RCWalHating the Effectiveness of BTx

Author, Yar
PEDro Score Intervention Outcomes
Sample Size
Kaji et al(2010) E: BTx (300U) 1 Modified Ashworth Scale: Weeks 4,6,8 (+); 10512
RCT (9) C: Placebo 1 Clinical Global Impressiof (
N=120 1 Gat speed §)
Bollens et al(2013) | E1: Tibial Nerve Neurotomy to soleus nery 1 Modified Astworth Scale: tardieu soleus (+), solet
RCT (8) tibialis posterior, and flexor halluces longu|  (+), triceps+)
N=16 E2:BTxin the same muscles as other grou| 1 Stroke Impairment Assessment Scale (+)
1 Passive Range of Motiof) (
1 10-Metre Walk Test
1 Medical Research Coundi) (
Pittock et al.(2003) E: BTx3 dosing leved) 1 Modified Ashworth Scalét+)
RCTQ) C: Placebo 1 2-Minute Walk Test-{
N=234 1 Stepping rate
1 Step length+)
Picelli et al(2014) El:Therapeutic Wrasound 1 Modified Ashworth Scale: E1 vs E3 (+)
RCT (8) E2:Transcutaneos Electrical Nerve 1 Ankle Passive Range of Motion: E3 vs E2 (+)
N=30 Stimulation
E3: BTx
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Kirazli et al(1998)
RCTg)

N=20

Dunne et al(2012)
RCT (7)

N=85

Fietzek et al(2014)
RCT (7)

Blinded phase (BP)
N=52

Open label phase (OL
Nstar=52

Neng=26

Burbaud et al(1996)
RCTY)

N=23

Childers et al(1996)
RCTY)

N=21

Ward et al.(2014)
RCT (7)
N=274

KaradagSayqi et al.
(2010)

RCT (7)

N=20

Bayram et al(2006)
RCT®)

N=12

Mancini et al (2005)
RCT (6)
N=45

Carda et al(2011)
RCT (6)
N=69

Pimentel et al.(2014)
RCT (6)
N=21

Roche et al(2015)
RCT (6)
N=35

E1: BTx (400U)
E2: Phenol

E: BTx (200/300U)
C: Placebo

E1:2 BTxinjections into 4 calf muscles
C Saline injectiorfollowed byBTx injection

E: BTx
C: Placebo

E1:BTx at mid belly of the gastrocnemius
Placebo injection at alternate site
E2:BTx at the proximal portion of muscle
located distal to the pojiteal fossa+
Placebo injection at alternate site
E:BTx+ Sandardcare

C:Placebot Standard care

E: BTx (7A.00U) + Taping(kinesiotaping
method)
C BTx (75L.00U) + Sham taping

E1l:LowdoseBTx+ Runctional Electrical
Stimulation

C Highdose BTx + Sham Functad
Electrical Stimulation

E1: BTxdw dose

E2: BTxmedium dose

E3: BThighdose

E1:BTx (100Ut plantar flexors + Taping
E2:BTx (100Ut plantar flexors + Casting

1 Ashworth Scale: Weeks 2,4 (+); Weeks 8;12 (

1 Global Assessment Scale: Weeks 2,4,8 (+); Wee!
()

1 Ashworth Scale-]

1 Ashworth Scale (severe patients only) (+)

BP and OLP Phases:
1 Modified Ashworth Scale: Weeks 12,24,36 (+)

1 Ashworth Scale (+)

1 FugtMeyer Assessment (+)
1 Gait \élocity €)

1 Ashworth Scale-]

1 FugtMeyer Assessment)(

1 Goal Attainmen Scaling (+)
1 Resistance to Passive Movement (ankle
plantarflexor spasticity only) (+)

1 Modified Ashworth Scale)(
1 Gait Velocity 4
1 Step length+)

1 Modified Ashworth Scale-)(
1 10-metre Walk Test-{
1 Clonus Score)

1 Modified Ashworth Scale: E1 vs E2 (+); E1 vs E3
E2 vs E3)

1 Gait Velocity: ELvs E2 (+); ELVS E3 (+); E2Ys E

1 Medical Research Counci) (

1 Modified Ashworth Scale) E2 vs E3 only (+)

1 6-minute Walk Test-{

E3:BTx (100Uat plantar flexors +Stretching 1 10-metre Walk Test-f

(1 week) +8retching and gait trainingl
week)

E1:BTx (300Un the midbelly and both
heads of the gastrocnemius

E2:BTx (100Ullistributed in the same

locations & in theprevious group

E BTx Sandardized selfehabilitation

programme

C:BTx

1 Functional Ambulation Categoried (

1 10-metre Walk Test{
1 Ashworth Scale (+)

1 Modified Ashworth Scale)(

1 6-minute Walk Test with and without obstacles (+]
1 Maximal gait speed (+)

1 Time to ascend stairs (+)

{1 Time to descend stairs (+)
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Tao et al(2015) E:BTx (200Un gastrocnemius and 1 FugtMeyer Assessment (+)
RCT (6) posteriar tibial muscle 1 Modified Ashworth Scale (+)
N=23 C: Placebin the same muscles 1 Modified Barthel Index (+)

1 6-minute Walk Test (+)

1 Step length (+)

1 Cadence (+)

1 Speed (+)
Dinget al.(2015) E1:BTx + Conventional rehabilitation 1 Clinic Spasticity Influx: E2 vs E1 (+); E2 vs C (+)
RCT (6) E2: :BTx + Conventional rehabilitation 1 Berg Balance Scale: E2 vs E1 (+); E2 ys C (+
N=103 Ankle foot brace 1 FugtMeyer Assessment: E2 vs E1 (+); E2 vs C (+
C:Conventional rehabilitation 1 Functional Independence Measure; E2 vs E1 (+);
vs C (+)
On et al.(1999) E: BTx (400U) 1 Ashworth Scale (+)
RCTR) C: Phenol
N=20
Reiter et al(1998) E1:BTx (19620UV) into 35 calf muscles |1 Ashworth Scale (+)
RCTH) E2: BTx (100V) intdbialis posterior muscle
N=18 + Anklefoot taping
Farina et al(2007) E: BTx (19320U)+ Anklefoot casting 1 Modified Ashworth Scale (+)
RCT (5) C BTx (19€820U) 1 10-metre Walk Test-|
N=13

- Indicates noestatistically significant differences between treatment groups
+ Indicates stastically significant differences between treatment groups

Discussion

The studies identified in assessing BTx evaluated a variety of interventions and outcomes, making
conclusions difficult. Dosage of BTx can also be a problematic variable as Mantin260%) noted

that patients receiving moderate and higher doses of BTx did not differ significantly in reducing
spasticity and improving gait although both were significantly more efficacious than lower doses of BTx.
Six RCTs compared the effects of BIha placebo. Kaji et al. (2010) initially observed a significant
improvement in spasticity up to 8 weeks pdastatment but this effect diminished at weeks 10 and 12.
Gait did not improve at any time with the authors suggesting that this may have beereso# of

failing to adapt from a spastic gait to a gait requiring normal grounding of the foot, especially as the
mean time poststroke was more than 6 years. Dunne et al. (2012) did not find a significant difference
between BTx and placebo groups busabgroup analysis of patients with severe spasticity indicated
significantly greater improvement in those receiving BTx. Ward et al. (2014) found that patients treated
with BTx and placebo demonstrated similar changes from baseline to 10 weeksrgatstent;
however, a subgroup of patients with ankle plantexor spasticity were found to improve to a
significantly greater degree after BTx treatment compared to placebo. Pittock et al. (2003) reported an
improvement in spasticity, but not function.

Threestudies, including two RCTs, compared BTx injection to a phenol block, with mixed results in terms
of measures of spasticity; function was not evaluated. In one-ighity RCT conducted Ib§irazli et al.

(1998) significant transient reductions in spesty of the ankle compared to a phenol block injection
were reported for up to 4 weeks posteatment. It was also noted that 30% of patients provided with
phenol injections experienced dysesthesia with walking capacity negatively affected while noeadvers
events were reported by patients who had received BTx.

Three studies also evaluated orthotic support and taping in comparison with BTx. k&aytziget al.
(2010) compared taping using the kinesiotaping method with a sham taping protocol (taping of
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ineffective muscles) with both groups receiving BTx but no betwggenip differences in spasticity, gait
velocity or step length were found. As both groups improved significantly, it was suggested that
improvements were the result of the BTx treatment. In doning BTx treatment with an ankle foot
brace and conventional rehabilitation, Ding et al. (2015) reported significantly greater improvements in
spasticity, balance and motor function compared to a BTx plus conventional rehabilitation group and a
convential rehabilitation only treatment group. The authors conclude that BTx is effective in reducing
tone but improvements can be enhanced further with the use of orthotic treatment to prevent or
correct limb deformity. Carda et al. (2011) reported significanprovements in the recovery of
spasticity in patients who received BTx and a serial cast around the ankle compared to patients provided
with BTx and stretching exercises. This may have been achieved through a maximal elongation of the
muscle, which is matained longer in a cast than taping or stretching (Carda et al. 2011). However, no
differences were reported between BTx + casting, BTx + taping, and BTx + stretching exercises for
measures of ambulation.

Bollens et al. (2013) observed significant retittns in spasticity after both BTX and tibial nerve
neurotomy (TNN) but significantly greater improvements were noted for patients provided with TNN
treatment compared to BTx. Gait ability such as knee and ankle kinematics and speed did not differ
signifcantly between the two treatments. Bollens et al. (2013) propose that intensive rehabilitation in
conjunction with TNN may provide a synergistic effect and allow for greater enhancements of lower
limb function. In direct comparison of the two treatment$,was noted that BTx is reversible and
requires regular administration whereas TNN can provide-tengy relief of spasticity after one surgical
procedure. Although a followp of 6 months was employed, the authors suggest future studies with
longer followups may be required in order to determine the full extent of improvement and the
effectiveness of TNN.

Conclusions Regarding Botulinum Toxin

There is level 1a evidence that treatment with botulinum toxin compared to placebo imprdoesr
limb spasticity, but gains for functional recovery have not been significant.

There is level 1b and limited level 2 evidence that treatment with botulinum toxin compared to
phenol may improvdower limb spasticity.

There is level 1b and limited level 2 evidence theeatment with botulinum toxin combined with
casting or taping may improvéower limb spasticity but not gait.

There is level 1b evidence théibial nerve neurotomy (TNN) treatment to the soleus nerve, tibialis
posterior, and the flexor hallucus longusnay be more effective for the improvement of spasticity
than botulinum toxin injections in the same muscles.

Treatment with botulinum toxin improves lower-limb spasticity, but may not improve functional
outcomes

9.10.3 Nerve Blocking in the Lower Ertnity

Chemical neurolysis using either alcohol or phenol can be used in the management of lower limb
spasticity although alcohol is less effective. Neurolysis destroys a portion of the nerve and imepaérs
conductionand the effects of phenol may lasbif severaimonths toyears(Bhakta 200Q)
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Table 9.10.3.1 SummaiRCTs Evaluatingerve Blocking
Author, Year

PEDro Score Intervention Outcomes

Sample Size
Beckerman et al1996) | E1: Thermocoagulation (TH) of peripheral |1 Modified Ashworth Sde: E1 & E3 vs E2 & E4)(+
RCT (8) nerves+ Anklefoot orthosis (AFOIn five 1 Clonus score of the ankle: E1 & E3 vs E2 & E4
N=60 degrees of dorsiflexio 1 Achilles tendon reflex: E1 & E3 vs E2 &64

E2:Placebo thermocoagulation (PTHAFO | 1 Range of motion-§
E3: TH-Pacebo AFO (PAF@jth free range
motion of dorsiflexion

E4: PTH PAFO
Kocabas et g2010 E1 5% phenol 8% ethyl alcohol to motor | 1 Medical Research Counci (
RCT (4) branches of tibial nerve 1 Modified Ashworth Scale)(
N=20 E2: 50% ethyl alcohol to motor branches of | 1 Passive Range of Motiof) (
tibial nerve 1 Clonus of the ankle

1 Strength of the ankle plantar flexos)(
- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Only two RCTs have been identified for the investigation of chemical neurolysislofviieextremities

post stroke. Beckerman et al. (1996) reported that the use of thermocoagulation was significantly more
efficacious than placebo and an ankle foot orthosis with improvements in spasticity, clonus, and tendon
reflexes. However, correlationoefficients between functional outcomes (i.e. walking ability, speed,
etc.) and spasticity were very weak, indicating that although spasticity improved, ambulation did not.
Moreover, 24.4% of patients who received thermocoagulation did not respond &inrent, although

this may reflect a need for validated measures with greater responsiveness in quantifying spasticity
(Beckerman et al. 1996).

Kocabas et al. (2010) did not report any differences between groups when comparing a single injection
of 5% phaol with an ethyl alcohol injection. Both groups resulted in significant improvements in
spasticity, clonus and passive range of motion for up to 6 months. Despite both groups demonstrating
an improvement in ambulation, the authors note however that gadisvassessed by visual evaluation
rather than an objective measure and so the validity of this particular finding may be compromised. In
terms of adverse events, both groups were comparable in-pgsttion pain which was resolved within

48 hours.

There § currently a lack of literature exploring the efficacy of nerve blocking as an intervention for
spasticity in the lower extremity. Further research is required to fully understand the use of this
approach and to determine its effectiveness.

Conclusion®kegarding Neurolysis

There is level 1b evidence that thermocoagulation treatment may imprdeerer limb spasticity,
Achilles tendorflexion, and ankle clonus.

There is limited level 2 evidence from one laality RCT that treatment with a single injeicin of
phenol or ethyl alcohol may not improve spasticity, range of motion, neurological status or strength
of the ankle plantar flexors.
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Neurolysis in the lower limb may reduce spasticity, ankle clonus, and improve Achilles tendon
flexion. More researchis needed to determine whether phenol or alcohol injections imprgve
spasticity.

9.104 Antispastic Medications Post Stroke

A variety of antispastic medications have been studied. Traditional pharmacotherapies for spasticity
treatment have been studiedincludng centrally acting depressants (baclofen, benzodiazepines,
clonidine, and tizanidine) and muscle relaxants (Dantrolene). There is evidence from RCTs published in
the19c n Qa19ty®Ra GKI G GKSasS GNBIFGYSyGa I Nty ang havte LI NI A
negative side effects of weakness and sedation. With the introduction of more focal spasticity
treatments, the use of systemic agemtasbeen theorized to decrease.

Table 9.10.4.1 Summary &CTs Evaluatingntispastic Medications Pos&roke
Author, Year

PEDro Score Intervention Outcomes
Sample Size
Stamenova et af2005) E:Tolperisone 1 Ashworth Scale (+)
RCTY) C: Racebo 1 Modified Barthel Index (+)
N=120
Katrak et al(1992) El:Dantrolene 1 Modified Ashworth Scale)(
RCTY) C: Facebo 1 Barthel Index)
N=31
Medici et al.(1989) E1:OralTizanidine 1 Ashworth Scale-)
RCT®) E2: Baclofen 1 Pedersen Scale)(
N=30
Zhu et al(2014) E: Total glucosides from Shaoyao Gancao | 1 Modified Ashworth Scale & Composite
RCT (6) Rehabilitation exercise therapy Spasticity Scale (+)
N=60 C: Oneto-one exercise. 1 FugtMeyer Assessment: Lower Extremity (4
1 Barthel Index: Lower Extremity (+)
Ketel & Koll{1984) E:Oral Dantrolene 1 Spasticity goint grading scale (+)
RCTJ) C: Racebo 1 Ability to perform activities of daily living (+)
N=14

- Indicates nosstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

A total of six studies were identified in the treatment of spasticity using antispasticity pharmacology.
The sample sizes were generally small (R6Q} with the exception of one larger study (n=120). There
were two studies on Dantrolene sodium, incluglione study of a good quality (PEDrofRatrak et al.
1992) which reported null results and was associated with significant side effects when compared to
the placebo group. Katrak et al. (1992) highlight that despite adhering to the Australian maximum
recommended dose, other studies had reported improvemaenith greater dosageand thus patients

may have been prescribed insufficient doses of Dantrium. In the other study, the results indicated a
positive outcome with improvements in spasticity, motor ftion and activities of daily living (ADL)
function (Ketel & Kolb 1984)but was found to be a podauality study (PEDro=3) lacking in
standardised and validated outcome measures. Medici ef1889 compared Tizanidine and Baclofen
and found that both wee beneficial with no significant differences between the two although there was
not a placebo control group; therefore, it was difficult to know whether either drug was helpful beyond
that of placebo. Stamenova et €005 reported a significant reduain in spasticity and an increase in
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ADL functioning associated with the drug tolperisone, a centrally acting muscle relaxant, which does not
cause sedation. The authors suggested that the reduction of spasticity alkmwegdeater performance

of ADLrather than a direct association between tolperisone and ADL functioning. Many patients (62%)
were treated with a dose generally higher than recommended, with no dropouts due to adverse events.
In combining shaoyao and gancao, Zhu et al. (2014) adopted aidraditChinese herbal medicine
approach alongside exercise therapy and reported significant improvements in lower extremity recovery
compared to an exercise therapy only group. It is believed that shaoyao and gancao possess spasmolysis
and analgesic propeds and could potentially produce synergistic effects (Zhu et al. 2014). Future
research investigating shaoyamd gancao may be recommended to utilise the treatment by itself
without combination with another treatment as it is possible the exercise thegapvided by Zhu et al.
(2014) enhanced outcomes even further.

Conclusions Regarding Medications for Spasticity

There isconflicting level 1band level 2evidenceregarding the use of Bntrolene on lower limb
spasticity.

There is level 1b evidence th#tere is no significant difference between treatment with Tizanidine
or Baclofen for spasticity.

There is level 1b evidence that Tolperisone may improve spasticity and ADL performance outcomes
post-stroke.

There is level 1b evidence that total glucosglrom Shaoyao and Gancao offered with rehabilitation
exercise therapy may improve lower limb spasticityand functional recovery.

Oral pharmacological agents may be effectively used in the management of spasticity, althqugh
somemay beassociated with sideffects.

9.105 Intrathecal Drug Therapy for Post Stroke Spasticity

Drugs can be delivered into the subarachnoid space of the CNS, through an implantable, programmable
pump device. Baclofen is the most commonly administered intrathecal drug and usesghyed for
patients with severe spasticity. Intrathecal administration of Baclofen has been studied more extensively
in other disease states, compared to stroke, including multiple sclerosis, cerebral palsy and spinal cord
injury. Intrathecal injectionfiave the advantage that they can deliver constant doses of a drug, which
results in fewer systemic side effects, although in stroke patients with unilateral spasticity, there is a
danger of weakening ascles on the unaffected side.

Table 910.5.1Summay of RCTs Evaluating the Effectivesseof Intrathecal Baclofen
Author, Year

PEDro Score Intervention Outcomes

Sample Size
Meythaler et al(2001) E: Intrathecal baclofen 1 Modified Ashworth Scale: Lower Extremity (+)
RCT (7) C: Plaebo 1 Penn Spasm Frequency: Lower Extremity (+)
N=21 1 Reflex Scale Score: Lower Extremity (+)

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differees between treatment groups
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Discussion

Only a single RCT that evaluated the effectivenessm@ithecal Baclofen (ITBjas identified. Compared

to placebo, infusion of ITB was associated with significant reductions in measures of spasticity, although
no assessments of functional outcome were evaluated. Meythaler €2@01)found that ITB was more
effective than placebo. This benefit was achieved without nonselective decreases of lower muscle tone,
which could have impaired walking ability. Threeigats, formerly wheelchair ambulators, were able to
ambulate following therapy. The results from two single intervention group studies also reported
benefits associated with ITB.

Among the four non RCTs, three reported benefits associated with treatraadtpone study reported
clinical deterioration in walking ability associated with a weakening on their paretic side, resulting in a
loss of motor contro{Kofler et al. 2009)The authors suggested that patients who benefit from ITB were
those who had lessevere spasticity and greater control of the lower limb during the swing phase.

Conclusions Regarding Intrathecal Baclofen for the Management of Spasticity

There is level 1b evidence thBIBmay improve spasticity in the chronic stages of stroke.

| Further research is required to determine the efficacyl®Bfor reducing poststroke spasticity. |

9.10.6 Electrical Stimulation for Post Stroke Spasticity

While electrical stimulation treatments, includitiganscutaneal electrical nerve stimulatioMEN$and
functional electrical stimulation (FESJave beerexamired in previous sections, several studies were
identified in which evaluation of spasticity was the primary objective of the investigation. It has been
suggested that electrical stimulation may rem muscle tonicity through an enhancement in
presynaptic inhibition of the spastic plantarflespand partly to a possible "disinhibition" of descending
voluntary commands to the paretic dorsiflexor motor neurdiiakhtiary & Fatemy 2008Electrical
stimulation can also reduce spasticity without the adverse effect of muscle weakness and paralysis
which have been associated with other aspiasticity treatments such as botulinum toxin.

The results from two goceduality RCTs suggest that electricainstiation can help to reduce spasticity
following stroke although the studies assessed slightly different treatments over different time periods.
Bakhtiary et al(2008)demonstrated that FES combined with therapy can reduce spasticity assessed
immediatelyafter treatment, although it remains unclear whether this treatment is also associated with
improved function or if the resultare durable. Levin and H@han(1992) assessed the efficacy of
repetition of TENS treatment over asgek period, and reported benefitfor up to two weeks

Table 910.6 Summary of RCTs Evaluating Electrical Stimulation for Spagticit
Author, Year

PEDro Score Intervention Outcomes
Sample Size
Bauer et al(2015) E: Active leg cycling + FES 1 Modified Ashworth Scale)
RCT9) C: Active leg cycling
Nstar=37
NEnd:21
Yamaguchi et a(2012) E1: Electrical stimulation + Passive | 1 Modified Ashworth Scale)(
RCT (8) locomotiontlike movenent
N=27 E2: Electrical stimulation
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Bakhtiary& Fatemy(2008)

RCT (8)

N=40

Park et al(2014)
RCT (7)

NStart:34

Nen=29

You et al(2014)
RCT (7)

NStart:42

Nend=37

Levin & HuiChan(1992)
RCT (6)

N=13

Ng & HuiChan(2007)
RCT (6)

N=88

Cheng et al(2010)
RCT (6)

N=15

Yan& HuiChan(2009)
RCT (6)

N=62

Hussain et a2013)
RCT (6)

NStart:35

NEnd:SO

Cho et al(2013)
RCT (5)

N=42

Mesci et al2009
RCT (5)

N=40

C: Passive locomotielike movement

E: Electrical stimulation +
Conventional therapy

C: Conventinal therapy

E: TENS + Therapeutic exercise
C: Placebo TENS + Therapeutic
exercise

E: FES
C: No treatment

E: TENS
C Sham TENS

E1l: TENS

E2: TENS + TasMated training
E3: Sham TENS + T-aslated
training

C: No treatment

E: FES + Conventional therapy
C: Conventional therapy

E: TENS

C1: Sham TENS

C2: Conventional rehabilitation
E: Bobath + TENS

C: Bobath

E: TENS
C: Sham TENS

E: FES
C:Conventional therapy

1 Modified Ashworth Score (+)

1 Modified Ashworth Scale)(

1 Composite Spasticity Scale (+)

1 Clinical Spasticity Scale (+)

1 Plantarflexor Spastigjt(+)

1 Spasticity Index (+)

1 Spasticity (+)

1 Modified AshworthScale (+)

1 Modified Ashworth Scale)

1 Modified Ashworth Scale (+)

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

There is evidence for the effect #fESon improving muscle spasticity following stroke. Functional
electrical stimulation combined with conventional therapy has been shown to significantly decrease
muscle spasticity compared to conventional therapy al@®&khtiary & Fatemy 2008; Cheng et &1@;

Mesci et al. 2009)Yamaguchi et al(2012) reported no statistical significance between electrical
stimulation in combination with passive locomotitike movement and locomotictike movement
alone. However, 66.6% of participants in the electritmhglation combination group improved on the
Modified Ashworth Scale, whereas only 22.2% of the passive movement group improved. Furthermore,
active leg cycling with FESay not improve spasticity compared to active cycling al¢Bauer et al.

2015)
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Much like FESTENShas a similar effect on muscle spasticity. Transcutaneous electrical stimulation has
been shown to improve muscle spasticity ald@o et al. 2013; Levin & HOhan 1992; Yan & HGhan
2009)and in combination with therapeutic exercigdysical therapyShamay SM Ng & HGhan 2007;

J. Park et al. 2014nd Bobath therapyHussain & Mohammad 2013)Both FES and TENS appear to
have a positive effect on muscle spasticity psisoke.

Conclusions Regarding Electrical Stimulation for tManagement of Spasticity

There is level 1la and limited level 2 evidence transcutaneous electrical stimulation may improve
spasticity outcomes posstroke.

There is level 1a and limited level 2 evidence functional electrical stimulation may improve isjigst
outcomes poststroke.

Transcutaneous electrical stimulation and functional electricimulation may improve spasticity
outcomes posistroke.

9.107 Therapeutic Ultrasound for Post Stroke Spasticity

Therapeutic ultrasound can be used to treat ai@ty of conditions including pressure ulcers, scar tissue,
and spasticity. In this form of treatment, sound waves pass through the skin and cause the tissues to
vibrate. This vibration or cavitation can cause a deep heating locally though usually ntoseakheat

will be felt by the patient. In situations where a heating effect is not desirable, such as a fresh injury with
acute inflammation, the ultrasound can be pulsed rather than continuously transmitted.

Ultrasound has been shown to cause ince=a@ tissue relaxation, local blood flow, and scar tissue
breakdown. The effect of the increase in local blood flow can be used to help reduce local swelling and
chronic inflammation. A single RCT has been conducted examining the effectivendsasoiund on
plantarflexor spasticity.

Results from the single study show that treatment witfrasoundcan reduce HmaxIMmax ratio as a
measure of alpha motor neuron excitability agpacticitymeasure of Ashwortlscorein stroke patients
with ankle plantariéxor spasticity

Table 9.10.7 Summary &®&CT(s) Evaluatinbherapeutic Ultrasound
Author, Year

PEDro Score Methods Outcomes
Sample Size
Ansari et al(2007) E: @ntinuous therapetic ultrasound 1 Ashworth Scale-)
RCT (5) C: Sham therapeutic ultrasound f Hmax/Mmax ratio+)
N=12

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Resllts from the single study show that treatment with US can reduce Hmax/Mmax ratio as a measure
of alpha motor neuron excitability and spadty measure of Ashworth Scoie stroke patients with
ankle plantarflexor spasticitfAnsari et al. 2007) Althoudn there was no statistical significance between
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groups, both alpha motor neuron excitability and spasticity decreased more in the US group compared

to the control group.

Conclusions Regarding Therapeutic Ultrasound for the Management of Spasticity

Thereis limited level 2 evidence that therapeutic ultrasound may reduce alpha motor neuron
excitability that is associated with ankle plantdtexor spasticity.

9.10.8 Physical Therapy to Reduce Spasticity
While spasticity of the calf muscles is widely beltete interfere with walking after strokethere is
evidence that increased tone may be due to other mechanisms such as intrinsic changes to muscles
(Sommerfeld et al. 2004)Ada et al.(1998) suggested that it is inappropriate to attempt to reduce

spasticly in an effort to improve functional performance.

Nevertheless, the reduction of spasticity remains a focus of many rehabilitation interventions. While
many therapeutic approaches including Bobath and Brunnstrom methods aim to prevent the
development ofspasticity by normalizing tone and motor patterns, several trials have examined specific
therapeutic manoeuvres to decrease spasticity in the lower extrerttigse are examined below.

Table 9.10.8 Summary &®CTs Evaluatinghysical Therapy to Reduce &jticity

Author, Year
PEDro Score
Sample Size

Bd et al.(2014)

RCT (7)

Nstart:165

Nstart:154

Maynard et al(2005)

RCT (6)

N=66

Yom et al(2015)
RCT (6)

Nstar=26

Nend=22

Kluding et al(2008)
RCT (6)

N=16

Dundar et al(2014)
Retrospective
N=107

Intervention

E:Standard rehabilitation program
C: Standard medications

E1: Isokinetic stretch
E2: Isotonic stretch
E3: Isotonic stretch Weight bearing

E: Virtualreality-basedankle exercise
C:Videcbased ankle exercise

E: Functional task practiceAnkle joirt
mobilizations
C: Functional task practice

E: Robadit training+ Conventional
physiotherapy
C: Conventional physiotherapy

Qutcomes

1 Modified AshworthScaleelbows, fingers, plantar
flexorsat 3 manths (+)

1 Kinematic kinetic gaiparameters hip/knee/ankle
angle, hip/knee/ankle power, hip/knee/ankle
movement, duration stance, duratioof swing
and walking speed)

1 Modified Ashworth Scale)(

1 Timed Upand-Go Test)

1 Gait €)

1 Lower-extremity weightbearing symmetry(+)

1 Ankle range of motior{-)

1 Ankle kinematicg-)

1 Gait )

1 Berg Balance Scal¢ (

1 Modified Ashworth Scale)(

1 Functional Ambulation Category)

1 Brunnstrom Recovery Scaleower Extremity+)

- Indicates norstatistically significant diffeneces between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Physical therapy is a widely used treatment in the recovery of stroke patients and may have some
benefit in the reduction of spasticity aBet al.(2014)determined that a standard rehabilitation program
was significantly more effective in reducing spasticity in the elbows, fingers and plantar flexors then
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standard medications after three months of treatment. However, various specific fofnphysical
therapy have not been as successful. Several specific methods, including ankle joint mobilizations
(Changho et al. 2015; Kluding & Santos 2@0®) robotic trainingDundar et al. 2014 )wvere ineffective

in improving spasticity or gait.

Gondusions Regarding Physical Therapy to Reduce Spasticity

There is level 1b evidence that rehabilitation programs compared to standard medications may
improve spasticity for the ddows, fingers and plantar flexion

There is level 1a evidence that ankleaggises compared to conventional therapy may rigiprove
gait, ankle range of motion or spasticity but may improve balance.

There is level 3 evidence that robotic training may not improve spasticity, gait, or spasticity

There is level 1b evidence that single session of isokinetic or isotonic muscle stretch may not
improve measures of gait.

Evidence is inconclusive for the effect of rehabilitation programs, ankle exercises, robotic tra|ning
and other physical therapies on spasticity pestroke.

9.11Brain Stimulation

9.11.1 Repetitive Transcranial Magnetic Stimulation (rTMS)

Prior to a stroke, both hemispheres remain balanced with motor cortex interactions mostly inhibited but
after a stroke, the contralesional hemisphere becomes disinhibited withipisilesional hemisphere
increasinglyinhibited (Elkholy et al. 2014). Previoliterature into regaining this hemispheric balance
has advocated the use of applying higbquency rTMS to the ipsilesional hemisphere in order to
enhance excitability and Vofrequency rTMS to the contralesional hemisphere to reduce excitability
(Fregni et al. 2006)rhe characteristic of rTMS involves a series ofingasive magnetic pulses that can
alter neural activity, and modulate excitability of the motor cortex trandly but beyond the duration

of stimulation(Cha et al. 2014)t has been suggested that use of rTMS may result in quicker recovery
times due to enhanced reinnervation of paretic limbs and changes in neuroplasticity potentially
affecting behaviour and ntor ability (Mally & Dinya 2008)A study byStinear and Hornby2005)also
revealed that TMS, when combined with lower limb muscular electrical stimulation, resulted in a
significant increased the size of evoked responses in the tibialis anterior aassvesllinhibitory effect on
non-stimulated neural pathwaysWang et al.(2012) suggest that rTMS, as a method of promoting
neuroplasticity, may enhance motor abilities even furtdren combined with intensive tasikriented
training. However, despite therge volume of research into rTMS, there remains relatively few studies
that have investigated the use of rTMS in providing treatment for lower extremity dysfunction. A
potential reason for this may be due to the deep location of the leg motor ability@mibtor cortex
which may be difficult to target with rTM&in et al. 2015)

Table 9.11.1. Summaryof RCT(s) Evaluating MS

Author, Year Intervention Main Outcome(s)
Study Design REDro Scofe Result
Sample Size
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Chieffo et al(2014)
RCT (10)

NStart:]-O

NEnd:9

Lin et al(2015)
RCT (9)

NStart:32

Nen3L

Wang et al(2012)
RCT (8)

N=24

Cha et al(2015)
RCT (8)

NStart:36

Nen=36

Cha et al(2014)
RCT (7)

NStart:24

Nen=24

Kakuda et al2013)
RCT (7)

Nstar=18

NEnd:18

Khedr et al(2005)
RCT®)

N=52

Jayaram & StinegP009

RCT (5)

N=9

Kakuda et al(2013)
RCT (4)

N=18

E:
C:

: Real ITMS
: Sham rTMS

: Real rTMS
: Sham rTMS

1 HZ TMS
: Sham rTMS

: ITMS and Mirror Therapy
: ITMS and sham Mirror Therapy

: High frequencyTMS
. Low frequencyTMS

Real ITMS
Sham rTMS

El: rTMS
E2: Anodal tDCS

E3:Inhibitory paired associative stimulation

1 FugtMeyer Assessment (+)
1 6-minute Walk Test-{
110-meter Walk Test{

1 Postural Assessment Scale for Stroke (+)

1 Performance oriented mobility assessment
1 Barthel Index (+)

1 Timed Upand-Go Test (+)

1 FugtMeyer Assessment)(

1 FugtMeyer Assessment (lower extremity) (+
1 Gait speed cm/sec (+)

1 Cadence step/min (+)

1 Dynamic limits of stability (+)

1 Berg Balance Scale (+)

1 Timed Upand-Go Test (+)

1 Barthel Index (+)

1 Balance Index (+)

1 Berg Balance Scale (+)

: Real rTMS followed by Sham stimulation| 1 Walking velocity (+)
. ®iam stimulation followed by real rTMS

1 Barthel Index (+)
1 NIH stroke scale (+)

1 Motor Evoked Potentials)

E: Real rTMS followed by sham stimulation § Walking Velocity (+), up to 20 min after

C: Sham stimulation followed by real rTMS

treatment

- Indicates nosstatistically significant differences between treatment groups

+ Indicates statistically significadifferences between treatment groups

Discussion

The majority of the studies identified compared real rTMS with a sham rTMS protocol with largely
positive results. BotWang et al(2012)and Chieffo et al(2014)reported significantly greater gains on

the FugiMeyer Assessment (FMA) at pdstatment with gains maintained at 1 month folleup
(Chieffo et al. 2014)AlthoughWang et al.(2012)reported significantly greater gains in gait speed,
Chieffo et al(2014)did not find any group X time interactis for performance on the-®linute Walk

Test and the 1@eter Walk Test. However, it was also noted that all patients were able to walk
independently therefore the margin of improvement may have been smaller compared to patients with
more severe deficit¢Chieffo et al. 2014)Real rTMS over the unaffected primary motor cortex (M1)
compared to a sham was performed bin et al.(2015)and Wang et al(2012)with the rationale that
reducing excitability of the unaffected M1 will restore interhemispheric iheda and therefore
improvements in motor ability. This was evidenced Wang et al.(2012) in that motor evoked
potentials (MEPS) in the unaffected hemisphere decreased whilst excitability in the affected hemisphere
increased after rTMS. Both studies remtimprovements in lower limb functioning. Further, rTMS may
enhance lower limb motor excitability by reducing spatial asymmetry between hemisptiagsram &
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Stinear 2009)as detailed byWang et al.(2012) who reported significantly larger increases oERM
latency and amplitude in the affected region and decreases of MEP amplitude in the unaffected region.

Cha et al.(2015) reported a significant improvement in balance after combining rTMS with mirror
therapy compared to rTMS with a sham mirror theraphese findings suggest that visual feedback in
addition to rTMS demonstrates promising enhancement of balance functioning. However, caution is
required when generalising these results as all patients recruited into the study were able to walk
independentlyand so patients with gait deficits or lowimb disabilities may not necessarily experience
the same outcomes.

In comparing high and low rTMS frequencies performed over the ipsilesional hemisgierest al.
(2014)revealed significant differences heten the two types of intensities. The findings suggest that
patients receiving higfrequency rTMS demonstrated a decrease in latency and an increase in
amplitude of MEPs compared to leinrequency rTMS. The authors also suggest that -fighuency
rTMS ativated the M1 and performance of the cerebrum and cerebellum, both responsible for
activation of balance, visual, vestibular, and proprioceptive sensory abilities were improved therefore
demonstrating an increase in neuroplastiqi@ha et al. 2014)

Cortlusions Regarding Repetitive Transcranial Magnetic Stimulation

There is level 1a and limited level 2 evidence that repetitive transcranial magnetic stimulation may
improve ADL performance, gait and balance.

Repetitive transcranial magnetic stimulation ahigh and low frequencies may beffective in
improving balance, gait, and ADL performance.

9.11.2 Transcranial Direct Current Stimulation (tDCS)

Similar to rTMS, tDCS is a form of fiovasive electrical stimulation thatvolves the application of nail
electrical currents conducted through two saline soaked, surface electrodes applied to the scalp, over
the area of interest. There are two forms of stimulation; anodal which increases cortical excitability, and
cathodal which decreases excitabil{Alonso et al. 2007 However,in contrast to TMS, tDCS does not
induce action potentials bunstead manipulates the ion balance inside and outside the resting neural
membrane through polarising and depolarising the brain tisdoeso et al. 2007; Schlaug et al. 2Q08)
Furthermore, tDCS is a good candidate for a study since, unlike TMS, imnatoelcit somatosensory
changes that would allow a subject to determine that a real or sham treatment was being applied due to
GKS t2¢ AyaSyairde 2F 5/ { YR y2 RAFTFSRByeddd Ay aO
2006). Anodal tDCS ewthe sensorimotor cortex has been found to increase the size evoked potentials
of ipsilateral cortical components and enhances synaptic strength while anodal tDCS of the primary
motor cortex increase spinal network excitability (Dutta et al. 2014). Hewdéiterature regarding lower
extremity recovery and tDCS is currently lacking and knowledge regarding the mechanisms of motor
recovery is limited.

Studies evaluating tDCS for motor reHahiion are detailed in Table 9.11.2.1DCS is also growing in
popularity as a treatment for other positroke deficits (e.g. aphasia [see Chapter 14], and perceptual
disorders [see Chapter 13]).

Table 9.11.2. Summaryof RCTs EvaluatinggCS

9. Mobility and the Lower Extremity pg.101o0f 177
www.ebrsr.com


file:///C:/Users/student%203/Dropbox/Andreea/1.%20SREBR/CH%209+10/v17%20SREBR%20CH%209_FINAL%20JS.docx%23_ENREF_7

Author, Year

Study Design (PEDro Score] Intervention Main Outcome(s)
Sample Size (N) Result
Chang et al(2015) E: tDCS + Physiottapy 1 Motricity Index (lower extremity) (+)
RCT (8) C: Sham tDCS + Physiotherapy 1 FugtMeyer Assessment (+)
Nstar=24 1 Cadence-
Nen =24 1 Speed+)
1 Stride length {)
1 Step time {)

1 Step length )
1 Functional Ambulation Category) (
1 Balance Berg Scal¢ (

Geroin et al(2011) E1: tDCS + Robassisted gait training | 1 6-Minute Walk Test-j
RCT (6) E2: Sham tDCS + Rofasssisted gait | 1 10-Meter Timed Walk-
N=30 training

C: Overground walking exercises usin
the Bobath approach

Tanaka et al2011) E: Real (anodal) tDCS 1 Knee extension maximum force (+)
RCT (6) C: Sham tDCS 1 Visual Analogue Scal§ (
N=8
Danzl et al(2013) E: Real tDCSRobotassisted gait 1 Functonal Ambulation Category (+)
RCT (6) training 1 Berg Balance Scal¢ (
Nstar=10 C: Sham tDCSRobotassisted gait 1 Stroke Impact Scale)(
Nen =8 training 1 Timed Upand-Go Test)
1 10-meter Walk Test-{
Jayaram & StinegP009 E1l: rTMS 1 Motor Evoked Potentials
RCT (5) E2: Anodal tDCS
N=9 E3:Inhibitory paired associative
stimulation

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Of the five RCTs idengfl, four compared active tDCS with a sham conditi¢imang et al(2015) Danzl

et al. (2013)and Geroin et al(2011)all were unable to find improvements in gait or balance ability. It

has been suggested that walking mechanisms are determined at thaldevel through activity of the

central pattern generators as well as the primary motor cortex (M1), therefore cortical influence from
tDCS may have been limité@eroin et al. 2011 However, motor evoked potentials of the corticospinal

tract from the dfected tibialis anterior muscle were found to increase in activation after t{fBang et

al. 2015)which may somewhat contradid® S NB A y (281i)théofy.€knag et al(2015)note that

caution should be taken when interpreting the results of the Ifdgyer Assessment (FMA) as the
difference in change from baseline to pgastatment was only 0.1 (in favour of sham tDCS) despite the
significant difference in score at treatment end favouring the tDCS group. Use of the Berg Balance Scale
failed to yieldany significant differences between groups in two RCTSs, indicating that balance was not
influenced by tDCS, however, other methods of measuring balance such as the Postural Assessment
Scale for Stroke Patients or the Activitlegecific Balance ConfidenSxale may provide different
findings(Danzl et al. 2013)

Although function may not have improved significantGhang et al(2015) note that significantly
greater gains on the Motricity Index in their study reflected improvements in strerigthaka etal.
(2011) reported a significantly greater gain in knee extension maximum force in favour of tDCS
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compared to a sham condition. Moreover, these gains were not dependant on differences in fatigue,
pain, discomfort or attention as both groups did not diffegnificantly on any of these measures on the
Visual Analogue Scale, suggesting that gains were the result of an increase in excitability in the
ipsilesional M1. The authors propose that tDCS can enhance multiple muscle groups in the lower
extremities (hanstrings, ankles, tibialis anterior, etc.) although future research is required to examine
strength facilitation in these muscléfanaka et al. 2011)

Conclusions Regarding Transcranial Direct Current Stimulation

There is level 1a evidence that transcial direct current stimulation may not improve gait or
balance outcomes, but may improve functional recovery and knee extension force.

| Transcranial direct current stimulation treatment may not improve gait or balance outcomes.

9.11.3 Galvanic Vestibula&timulation (GVS)

D+{ KlFa 0SSy dziAfA&dSR (G2 GNBIF{G &aLMHzZAKSNI 0SKI OA 2 dzNE
non-affected limbs towards their paretic side, even to the point of resisting physical corrections, causing

a shift in the centre of @ity and thereby impairing postural balan@€rewer et al. 2013)The concept

behind GVS is to provide an anodal and cathodal currents behind each ear between the mastoid
processes causing patients to sway towards the anodal @tdepatrick et al. 1999)A case series

consisting of two patients reported greater improvements in reducing pusher behaviour after receiving

GVS prior to physical therapy compared to physical therapy alone (Nakamura et al. 2014). Only one RCT
investigated the use of GVS in lowettremity functioning, as detailed in Table 9.11.3.1.

Table 9.11.3.Summaryof RCT(s) Evaluatin@alvanic Vestibular Stimulation

Author, Year Main Outcome(s):
Study Design (PEDro Score Intervention Result
Sample Size
Krewer et al(2013) E1: Galvanic vestibular stimulation 1 Scale for Contraversive Pushing (PB patie
RCT (8) E2: Drivergait Orthosis Lokomat only) ¢)
Nstar=25 E3: Physiotherapy with viauifeedback 1 Burke Lateropulsion Scale: E1 vs 31 vs
Nen=24 components (PF¥f) E2¢); E2vs E3 (+)

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistally significant differences between treatment groups

Discussion

Krewer et al(2013)did not report significant differences in improvement among patients who exhibited
pusher behaviour between GVBrivengait Orthosis Lokomat (DGO) and Physiotherapy wisual
feedback components (R). Furthemore, no significant improvements from baseline to post
treatment were observed in the GVS condition although there was a trend towards improvement. A
possible explanation could be that pusher behaviour andrdgelsion are not primarily due to
vestibular graviception, but also somaesthetic graviceptiérewer et al. 2013)lt is also worth noting

that there was no placebo group and so potential improvements compared to a sham or no treatment
group may providea greater insight into the effectiveness of GVS. Further studies are required to fully
evaluate the efficacy of GVS.

Conclusion Regarding Galvanic Vestibular Stimulation
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There is level 1b evidendbkat galvanic \estibular stimulation may not improve puskr behaviour or
lateropulsion.

Galvanic vestibular stimulation may not improve pusher behavior or latepulsiorny however,
further research is necessary.

9.12 Acupuncture Treatments

Rabinstein and Shulmd@003) state that,& ! O dzLJdzy O (i dzZNB A &ved stimulitiSrNaF delted (i K I {
anatomic locations on the skin by a variety of techniques, the most common being stimulation with
metallic needles that are manipulated either manually or that serve as electrodes conducting electrical
currents¢ @ ¢ KS  icdddeR ks that fifg dndrgy flows through channels that connect all organs to
each other. Disease is explained as an imbalance in the energy flow, and acupuncture treatment is
believed to restore the healthy energy by stimulating specific points alonghhanels(Rabinstein &
Shulman 2003)Acupuncture may stimulate the release of neurotransmitigtan & Terenius 1982)nd

have an effect on the deep structure of the brgiffu et al. 2002)Lo et al(2005 alsoestablished that
acupuncture, when appliedor at least a 1@min duration, led to londasting changes in cortical
excitability and plasticity even after the needle stimulus was removed.

A number of reviews and metanalyses have been conducted to evaluate the use of acupuncture as a
treatment meahod. Kim et al(2010 conducted a systematic review to determine whether contralateral
acupuncture (CAP) is superior to ipsilateral acupuncture (IAP). The review included the results from 8
RCTs all originating from China and Korea. The conventionalnwisdthat CAP is better, although the
causal mechanism has not been established. In pooled analyses, CAP was associated with a higher
response rate (risk ratio: 1.12 95% CI 1.04 to 1.22, p=0.005), but there was no advantage with respect to
the outcomes ofADL, motor function or neurological deficit. A review by Kong e(28110 was
restricted to RCTs that included a sham condition and reported the results from only 10 RCTs evaluating
traditional acupuncture or electroacupuncture. Pooled analyses werelwaed for the outcomes of

ADL (Barthel Index) and global neurological deficit (NIHSS and Scandinavian Stroke Scale). The authors
found no evidence of benefit of acupuncture as a treatment for functional recovery. Sze(20@®

reported in their metaanalysis that acupuncture had no additional effect on motor recovery but did
have a small positive effect on disability. However, it was noted that the benefits reported could be
explained by a placebo effect, or poor study quality. Similar to the previeviews, the authors
concluded that the efficacy of acupuncture without stroke rehabilitation remained uncertain, mainly
because of the poor quality of available studies.

While the exact mechanisms are not all wadifined, there are biological responsté®t occur both at

local areas that are being stimulated and at remote areas of the body. With respect to stroke
rehabilitation, the benefit of acupuncture has been evaluated most frequently for pain relief and
recovery from hemiplegia. Despite evidencenir several RCTs and metaalyses, the effectiveness of
acupuncture remains unclear. The present evidebased review of acupuncture treatment for stroke
identified a large number of studies. A number of RCTs not included in this review were published in
non-English languages, Chinese, most frequently. The methodological quality of RCTs evaluating efficacy
of acupuncture are generally po{Zhao et al. 2012)Jeading to inconclusive evidence.

Table 9.12.1Summaryof RCTs Evaluatingcupurcture Therapy

Author, Year Main Outcome(s)
Stud Design (PEDro Scor Intervention Result
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Sample Size

Bai et al(2013)
RCT (10)
Nsiar=120
Nen=120

Zhao et al.(2015)
RCT (9)
Ns;ar=60
Nend=51

Park et al(2005)
RCT (9)
N=116

SalomMoreno et al.(2014)

RCT (8)
Nstar=34
Nen=34

Johansson et a{2001)
RCT (8)
N=150

Hsieh et al(2007)
RCT (8)

N=62

Zhuang et al(2012)
RCT (7)

N=295

GosmanrHedstom et al.

(1998)
RCT (7)
N=104

Sze et al(2002)
China

RCT (7)
N=106

Hopwood et al(2008)
RCT (7)

N=105

Liu et al(2009)

RCT (7)

N=30

Alexander et al(2004)
RCT (6)

E1: Physiotherapy
E2: Acupuncture
E3: Physiotherapy and Acupuncture

E1:100Hz of Transcutaneous Electrical
Acupoint Stimulation (TEAS)

E2: 2Hz TEAS

C: Sham TEAS

E: Real acupuncture
C: Sham acupuncture

E: Deep dry needling
C: No intervention

E1: Acupuncture + Electroacupuncture
E2: Higkintensity, low frequency TENS
E3 Lowintensity, highfrequency TENS

E: Electroacupuncture
C No acupuncture

E1: Acupuncture

E2: Physiotherapy

E3: Acupuncture + Physiotherapy
E1: Superficial

E2: Deep Acupuncture

C: No acupuncture

E: Acupuncture + Standard Therapy
C: Standard Therapy

E: Electroacupuncture + usual care
C: Mock TENS + usual care

E: Acupuncture + manual twisting
C: No twisting

1 FugtMeyer Assessment: Lower Limb (284) (
1 FugtMeyer Assessment: Lower Limb (56d) (+)
1 Modified Barthé Index ¢)

1 Modified Ashworth Scale)(
1 Disability assessment scak (
1 Holden functional ambulation-
1 Global assessment sea)
1 Barthel Index)
1 Barthel Index
1 Motricity Index ¢)
1 Nottingham EADL)Y
1 EQVASHY)
1 Pain pressure thresholds bilaterally (+)
1 affected side deltoid,
1 affected side metacarpal
1 affected side tiabialis anterior.
1 % of load in the forefoot (+)
1 support surface in theear foot (+)
1 maximum pressure (+)
1 Modified modified Ashworth Scale)(
At 3 and 12 month follovup:
1 Rivermead Mobility Index)
1 Ability to walk 10 metres-|
1 Barthel Index
1 FugtMeyer Assessment)(
1 Barthel Index

1 FugtMeyer Assessment)
1 Barthellndex €)

At 3 and 12 month followup:
1 Neurological Score)(

1 Barthel Index

1 Sunnaas Index)(

1 Nottingham Health Profile-f
At 0, 5 and 10 weeks:

1 FugtMeyer ¢)

1 Barthel Index+

1 FIME)

1 Abbreviatel Mental Test+)
1 NIH stroke scale(

1 Barthel Index+

1 Motricity Index €)

1 Nottingham Health Prile (-)
1 Measures of balance/)

7 Muscle strength (+)

1 6 meter walk test)

1 Displacement of centre of gravity (+)

E: Acupuncture + Standard Rehabilitation| 1 FugtMeyer Assessment)(

C: Standard Rehabilitation

9 Functional Independence Measurg (
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N=32

Fink et al(2004) E: Verum acupuncture After 4 weeks
RCT (6) C: Sham acupuncture 1 MAS §)
N=25 1 Walking speed-{
1 Pain )
Naeser et al(1994) E: Acupuncture 1 Boston Motor Inventory (+) (for patients with
RCT (6) C: Sham Acupuncture lesions in lesshan half of the motor pathways
N=6 areas)
Huang et al(2014) E: Acupuncture therapy + physiotherapy |1 Postural Assessment Scale for Stroke (PAS@I
RCT (6) C: Physiotherapy Scae ()
Nstar=132 1 PASS Maintenance of Posture (patients with Ic
Nen=132 Brunstrom Recovery Stage only) (+)
Zhao et al(2009) E: Acupuncture 1 Spasticity (+)
RCT (5) C: Traditional acupuncture 7 FugtMeyer (+)
N=131 1 Barthel Index (+)
Wong et al(1999) E1: Comprehensive Rehabilitation 1. Ndzy adNEYQa wSO2@SNE
RCT (5) E2: Acupuncture + Comprehensive 1 FIM (+)
N=118 Rehabilitation
Johansson et a(1993) E: Acupuncture, OT and PT 1 Balance (+)
RCT (5) C: Standard Physiotherapy + Occupation: 1 Mobility (+)
N=60 Therapy 1 Barthel Index (+)

1 Quality of life (+)
1 Days spent at hospitals/nursing homes (+)

E: Acupuncture 1 Barthel Index (+)

Heqyi et al(2012)

RCT (5) C: No Acupuncture 1 Rivermead Scale Index (+)
N=50 1 Visual Analogue Scale (+)
Siet al.(1998) E: Heparin + electroacupuncture 1 Chinese Stroke Scale (+)
RCT (5) C: Heparin

N=42

- Indicates noestatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

A large number of RCTs have been conducted investigating the efficacy of acupuncture with the majority
of which unable to demonstrate clear benefits. In comparison to a sham acupuncture condition, in
which patients received acupuncture that did nmtnetrate the skinPark et al(2005)did not report

any significant betweegroup differences. A significant difference was reported by Naeser @iatser

et al. 1994)put only within patients with lesions in less than half of the motor pathwaysthark was

no stratification of upper and lower motor ability, as measured by the Boston Motor Inventory,
therefore lacking clarity regarding lower limb recovery.

The use of electroacupuncture has also been investigated. Johansson @0@l) compared an
acupuncture and electroacupuncture protocol with higiensity and lowintensity transcutaneous
electrical nerve stimulation (TENS) but revealed no significant differences between all three groups at
12-month followrup in walking ability, mobility, andctivities of daily living, although all three groups
demonstrated marked improvements. It is possible that despite theitgensity of TENS in the control
group, the patients may still have experienced stimulation and therefore brain activéBiarbro B.
Johansson et al. 20Q1Furthermore, electroacupuncture was not found to be any more efficacious than

a sham TENS condition as evidencedHbpwood et al(2008) Although the groups were significantly
different at baseline on the Motricity Index and selsiently nonsignificantly different at post
treatment, suggesting a notable gain for the acupuncture group, no significant Group x Time interaction
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was reported. In comparing electroacupuncture with a no acupuncture control condition, Hsieh et al.
(2007)did not find any significant differences klugtMeyer Assessment (FMA) lower extremity and FIM
scores. The authors suggest that the FMA may be more sensitive to changes in the upper limb compared
to lower limb recoveryZhao et al(2015)adopted an altemative approach of electrical stimulation on
acupuncture sites but with limited success. Upper limb spasticity improved significantly but there was no
change in lower limb spasticity or ambulation. However, it should be noted that the acupoints selected
by Zhao et al(2015)were based on previous data of patients with spinal cord injury and so different or
additional acupoints should be considered by future research.

Acupuncture was also compared to physiotherapy with largely insignificant re8ulighquality RCT
conducted byBai et al(2013)revealed no significant differences between acupuncture, physiotherapy,
and a combination of both after 28 days of therapy. At 56 days of therapy, FMA lower extremity scores
were significantly higher in the phggherapy group compared to the acupuncture group. AlthoBg

et al. (2013)highlight that all three groups improved over time, acupuncture may not be as efficacious
as physiotherapy. A larger but similar study conductedZbyiang et al(2012) did not find any
significant differences in FMA and Modified Barthel Index scores between all three groups after 14 and
28 days of therapy. A combination of the two therapies resulted in a favourable trend but this did not
reach statistical significance. Howevereté was no stratification between upper and lower scores on
the FMA. The authors suggest that as physiotherapy did not result in significantly greater gains or
improvements, acupuncture may be an equivalent alternative and could be a useful option for
individuals who do not have access to a physiotherapist or the equipment required for physiotherapy.
Huang et al.(2014) found no changes in posture and balance when comparing acupuncture and
physiotherapy with physiotherapy alone. However, patients in the woed condition with low
Brunnstrom Recovery Stage score demonstrated significantly greater improvement on the maintenance
of posture subscale.

Conclusions Regarding Acupuncture Treatments
There is level 1a evidence from higjuality, high-powered studes that acupuncture may not
improve balance, gait, motricity, spasticity or independent functioning. However, there is limited
level 2 evidence from lovquality studiesthat balance, motor function and performance of activities

of daily living may be impreed following acupuncture.

There is level 1a evidendhat electroacupuncture may not impray motor function or ADL

| Acupuncture may not improve lower extremity motor function or ADLSs.

9.13 Meridian Acupressure

Meridian acupressure is a form of treatmtewhereby finger pressure is applied to meridian points on
the body.Meridians are either yin or yang, depending on the direction they flow on the body's surface
and can theoretically increase blood flow (qgi) thus improving funcfianS. Kang et al. 28D Yang
meridians of the foot flow from the head to the lower limbs whereas yin meridians of the foot flow from
the lower limbs to the ches{de Morant & Zmiewski 1994Not only is acupressure painless and
inexpensive, it has been found to be effectimeincreasing function and activities of daily living (ADLS)
(Yue et al. 2013)Although used in clinical practice in eastern parts of the world, only a single study has
examined its use on lower extremity recovery following stroke.
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Table 9.13.1SummaryRA(s) Evaluatindg/eridian Acupressure

Author, Year Main Outcome(s)
Study Design (PEDrc Intervention Result
Sample Size
Yue et al(2013) E: Acupressure + routine care 1 Barthel Index (+)
RCT (6) C: Routine Car 1 FugtMeyer motor scores (+)
N=78

- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Yue et al.(2013) reported significantlygreater improvements in Barthel Index and Fitgyer
Assessment scores in the intervention group compared to a control group who only received standard
care. Although these findings cannot be generalised to lower limb extremity specifically, the study
revealed that patients were able to demonstrate greater proficiency in ADLs and motor skills of both
upper and lower limb activity. No betweeagroup differences were noted after 1 month of treatment
with significant improvements not observed until after 3 ntiogy indicating that acupressure requires
greater time to demonstrate treatment efficayue et al. 2013)

Conclusion Regarding Meridian Acupressure

There is level 1b evidence that acupressure bythurses may improve lower limb motor function

| Acupressure may improve functional recovery

9.14 Chinese Herbal Medicine

Traditional Chinese Herbal Medicine has been used routinely in China for the treatment of ischemic
stroke, despite a dearth of empirical evidence of its safety and effectiveness. Tmatlitbinese herbal
medicines may assist in the promotion of stroke recovery by enhancing ischemic reperfusion injury,
inhibiting the aggregation of platelets, reducirrebral edema, dilatingcerebral vessels, and
improving circulatior(Sze et al. 200%V/u et al. 2002)

Pooled analysis of modified Edinbus§badinavian Stroke Scale (MESS@yes and TNA f S@St a Ay
systematic review omingkailing,an acclaimed Chinese herbal medicine to treat cerebrovascular
conditions, suggested th&ingkailingto be beneficial to patients with ischemic stroke when combined
with conventional treatment(F. Cheng et al. 2012Previous research intdokishakuyakusafir'S) has

also revealed significant decreases in blood viscosity and an improvement in microcircaliating
patients with asymptomatic cerebraifarction (Yang et al. 2004)leuroAid, a traditional Chinese herbal
medicine comprised of nine herbal and five animal components, has been found to be efficacious in
improving activities of daily living functioaccording to the Modified Rankin Scale (mRS) and Barthel
Index for up to 18 months when compared to a placebo condifMenketasubramanian et al. 2015)
However,Chen et al(2013)did not find any betweesgroup differences on the mRS when comparing
NeuwoAid to a placebo.

A Cochrane review identified six RCTs that compared Dan Shen, a Chinese herbal medicine from the
plant Salvia militorrhizato a placebo or open placebo control following ischemic sti@keWu et al.
2007) Dan Shen compounds were asgted with significant neurological improvements, however, the
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overall quality of the trials were poor and too few patients were included to provide reliable conclusions
as to the treatment effectWu et al.(2007)recommended that further higlguality FCTs need to be
performed.

9.14.1 Summary of Chinese Herbal Medicine
Author, Year

Study Design (PEDro Intervention Main Outcome(s)
Score) Result
Sample Size (N)
Chen et al(2012 E: Astragalus membranaceus 1 Functional Independence Measure (week ¢
RO (9) C: Placebo herb 12 (+)
N=68 1 Glasgow Outcome Scale (week 12) (+)

1 Glasgow Outcome Scale (week4) (
1 Barthel Index+)
1 Modified Rankin Scale)(

Kong et al(2009) E: Neuroaid At baseline, week 4 and week 8

RCT (8) C: Placebo 1 FugtMeyer Assessment)(

N=40 1 National Institutes of Health Stroke Scalk (
1 Functional Independence Measurg (

Goto et al.(2009) E: Tokishakuyakusan 1 Stroke Impairment Assessment Scale: Kne

RCT (6) C: No treatment extension and Foaepat items (+)

N=31 1 Stroke Impairment Assessment Scale (

1 Functional Independence Measurg (
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Chen et al(2012)reported significantly higher FIM gains among those takifNgwvhen compared with a
placebogroup. The authors propose that this may have been the result of theirftgmmatory and
antioxidant properties ofAM allowing for greater recovery through reducing brain edema. No
differences in Barthel Index or Modified Rankin Scale were observed foheresuggesting that
functioning specific to activities of daily living did not improve. However, there were no outcomes
measures used that specifically focused on upper extremity recovery thus making it unclear as to
whether AM is effective in the restoition of lower limb function.

Although there were no statistically significant improvements associated with treatment for 1 month,
there was a trend towards benefit among patients with more severe stroke and those with posterior
circulation infarctdKonget al. 2009) Further, the five patients with the best recovery in the NeuroAid®
group had improved more than the five bastcovered patients in the placebo group and whilst this still
did not reach statistical significandépng et al(2009)suggest arend towards greater neuroplasticity
may have been present and that a longer follap'time may have been more appropriate. A systematic
review of 6 studies on the efficacy of NeuroAid® in jsbsike recovery reported that the drug
increased changes of laieving functional independence when compared to control treatmé8siddiqui

et al. 2013) The MLC601 as an add to standard treatment may be beneficial to patients with non
acute stoke. Currently, there are studies focused on examining the cognitive effects of NeuroAid® II
(MLC901)Chen et al. 2013)nd an extension of the CHIMES study that investigatesténgefficacy

of NeuroAid® in stroke recovefyenketasubramanian et al., 2013)

Tokishakuyakusam§ wasassociated with prevention of the worsening of impairment and disability in
the chronic phase of stroke among a small sample of elderly (>80 years) stroke patients living in an
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institution (Goto et al. 2009)Although the Stroke Impairment Assessment &¢&IAS) did not show
significant improvement, observation of the individual items on the SIAS reveal that knee extension and
foot-pat had significantly improved more in the experimental group compared to the placebo group.
The mechanism through which befiteis conferred is not wellinderstood. Based on previous studies,
Goto et al. (2009) suggest that the antbxidant, antiplatelet and muscle weakness amelioration
properties of TS may have contributed towards potential positive outcomes. It is alsodoetie\be
neuroprotective and may enhance the synthesis and release of neurotransmitters including
acetylcholine, dopamine and norepinephrine.

Further research into traditional Chinese herbal medicine is required, not only to expand on the already
small Iterature, but with studies that use outcome measures specific to lower extremity functioning
rather than general functioning or ADLSs.

Conclusions Regarding Chinese Herbal Medicine

There is level 1a evidence that various Chinese Medicine therapies meaymprove lower limb
function compared tgplacebo.

Traditional Chinese medicine may not improve lower limb function compared to placebo.
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There is level 1@vidence that Motor Learningind Bobath may improve motor recovery but they
are not supeior to one another.

2. There is level la evidence that the Bobath approach may not improve balance, gaitedirce
hospital length of stay.

3. There is level 1a and limited level 2 evidence that early intensive therapy may improve gait and
general motor fungion.

4. There is conflicting level 1a evidence regarding the effect of augmented physical therapy on gait
at follow-up.

5. There is level 1a evidence that whole body and local vibration training programs may not improve
balance or gait.

6. There is level 1la evidee that trunkspecific training may improve balance outcomes.

7. There is conflicting level 2 evidencegardingthe effect of virtual reality balance training on gait
and balance outcomes.

8. There is level 1la and level 2 evidence that feedback training matyimprove balance or motor
function of the lower limb.

9. There is level 1la evidence that exercisased falls prevention programs may not reduce the rate
of falls following stroke.

10. There is level 1b and limited level 2 evidence thattsitstand training may not improve balance
or strength of the impaired lower limb when compared conventional therapy.

11. There is level 1a and limited level 2 evidence that resistive/strength tagknted training may
improve gait, cadence and lower limb mobilithowever, itmay not be beneficial for improving
balance

12. There is level la and level 2 evidence that treadmill training either in combination with
conventional therapy or delivered alone, may improve gait velocity, stride length and lower limb
functional mobility; however, it may notimprove balance.

13. There is level 1a and level 2 evidence that partial body weight support treadmill training may not
improve gait or balance outcomes comparéal conventional or other gait training interventions.

14. There is level 1a and liited level 2 evidence that virtual reality combined with treadmill training
may improvegait and balancepost stroke.

15. There is level 1la and level 2 evidence that virtual realigsed interventionscompared to
conventional therapymay improve balancehowever evidence is conflicting for gait outcomes.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

There is level 1a and level 2 that auditory feedback may improve gait and muscle activity.

There is limited and conflicting level 1a and level 2 evidence regarding the effect of visual
feedback on balancerad gait.

There is conflicting level 1a and level 2 evidence regarding the effect of EMG/Biofeedback on
lower limb function following stroke.

There is level 1b evidence that that bilateral leg training with a custenade device may not
improvelower limb notor function.

There is level 1a and limited level 2 evidence that mental practice/motor imagery may improve
gait and balance outcomes.

There is level 1a and level 2 evidence that hippotherapy may not improve gait outcomes; however
there may be an improgment on foot pressure. The evidence for balance is conflicting.

There is level 1a and level 2 evidence that rhythmic auditory stimulation training may improve
gait and balance outcomeshowever there is limited evidence for its effect on ankle range of
motion.

There is level 1b evidence that mirror therapy combined with repetitive transcranial magnetic
stimulation may improve balancehowever, when provided alone, level 1b evidence indicates no
additional benefit for lower limb function compared to conventiahtherapy.

There is level 1a evidence that selfanagement programs ray not improve gait and balance.

There is level 1b evidence that caregiver mediated programs may improve gait and balance
outcomes.

There is Level la evidence that functional strength traigimay improve gait speed but may not
knee extension and flexion strength.

There is Level 1la evidence that progressive resistance training may improve strength and knee
extension but may not gait.

There is level 1b evidence that eccentric resistance tragnimay result in greater muscle
activation compared to concentric resistance training but may not improve gait speed.

There is level 1a evidence that cardiovascular fithess, aquatic therapy, and mobility training
programs may improve gait. There is leveb Bvidence that homéased cardiovascular exercise
programs may also improve gait outcomes.

There is level 1b and level 2 evidence that cycling training interventions may not improve gait.

There is conflicting level 1a evidence regarding supervised exefnraning programs compared
to unsupervised programs on gait.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

There is level 1b and limited level 2 evidence that community or outpatient exercise programs
may improve mobility, lower limb strength and flexibility.

There is level 1b evidence that hightensity circuit training may not improve balance when
compared to lowintensity circuit training.

There is limited level 2 evidence that walking exercises on stairs compared to flat surfaces may
improve balance posstroke.

There is level 1b evidence thahcouraging hemiplegic individuals to propel their own wheelchair
may not improveADLs

There is level 1b and level 2 evidence that quad canes or walkers are significantly better than a
one-point cane or no cane for improving gait and balance.

There is lgel 1la and level 2 evidence that wearing an AFO may improve gait and range of
motion; however, there is limited evidencef its effectiveness on balance.

There is limited level 2 evidencshowing no significant difference between braeassisted
walking and partial body weightsupported treadmill training for the improvement of gait
outcomes.

There is level 1a evidence that an AFO when combined with posterior tibial nerve denervation,
may not improve gait but may improve foot reflexes pestroke.

There idevel 1la and level 2 evidence that the Gait Trainer device may improve gait in the acute
phase but not in the subacute or chronic phase of stroke recovery.

There is level 1a and level 2 evidence that the Lokomat may not improve gait and balance in the
acue phase of stroke recovery. The evidence is unclear and limited regarding the use of this
device in the chronic and subacute stroke phases.

There is level 1a and limited level 2 evidence that transcutaneous electrical nerve stimulation may
improve gait, asticity, balance and ankle joint dorsiflexion range of motion and muscle
strength.

There is level 1a and level 2 evidence that FES may improve gait, balandeange of motion

There is level 1b evidence that interferential cant therapy may impree balance.

There is level 1b and limited level 2 evidence that peroneal nerve stimulation may improve gait
and quality of life poststroke.

There is level 1a evidence that neuromuscular electrical statioh may not improve gait.

There is level 1b evidee that rPMS may improve foot muscle strength and ankle range of
motion.
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48. There is level 1a evidence that amphetamines may not improve lower limb function.

49. There is level 1a evidence that methylphenidate not improve motor function following stroke.

50. There § limited level 2 evidence thatDOPS may improve functional outcomes pastoke.

51. There is level 1b evidence that Levodopa may improve motor recovery.

52. There is level 1b evidence that ropinirole may not be superior to placebo at increasing gait,
functional recovery and activities of daily living postroke.

53. There is level 1b evidence that citalopram may improve neurological function but not functional
recovery following stroke.

54. There is level 1a evidence from higjuality, high-powered studies that fluoxéne may improve
motor recovery, ADL functioning may not be enhanced.

55. There is level 1b evidendhat Almitrine in combination withRaubasinemay improve functional
outcomes post stroke.

56. There is level la evidence that Piracetam miayprove lower extremitymotor function but not
neurological status or ADL performance following stroke.

57. There is level 1b evidence that both a tilt table and night splint may prevent ankle contracture in
the early period following stroke.

58. There is level 1la evidence that treatmemith botulinum toxin compared to placebo improves
lower limb spasticity, but gains for functional recovery have not been significant.

59. There is level 1b and limited level 2 evidence that treatment with botulinum toxin compared to
phenol may improve lowelimb spasticity.

60. There is level 1b and limited level 2 evidence that treatment with botulinum toxin combined with
casting or taping may improve lower limb spasticity but not gait.

61. There is level 1b evidence thdibial nerve neurotomy (TNN) treatment tdhe soleus nerve,
tibialis posterior, and the flexor hallucus longus, may be more effective for the improvement of
spasticity than botulinum toxin injections in the same muscles.

62. There is level 1b evidence that thermocoagulation treatment may improve lovab spasticity,
Achilles tendon flexion, and ankle clonus.

63. There is limited level 2 evidence from one laality RCT that treatment with a single injection
of phenol or ethyl alcohol may not improve spasticity, range of motion, neurological status or
strength of the ankle plantar flexors.

64. There is conflicting level 1b and level 2 evidence regarding the use of Dantrolene on lower limb
spasticity.
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

There is level 1b evidence that there is no significant difference between treatment with
Tizanidine or Badfen for spasticity.

There is level 1b evidence that Tolperisone may improve spasticity and ADL performance
outcomes posistroke.

There is level 1b evidence that total glucosides from Shaoyao and Gancao offered with
rehabilitation exercise therapy may impwve lower limb spasticityand functional recovery.

There is level 1b evidence thlBmay improve spasticity in the chronic stages of stroke.

There is level 1a and limited level 2 evidence transcutaneous electrical stimulation may improve
spasticity outcones poststroke.

There is level 1la and limited level 2 evidence functional electrical stimulation may improve
spasticity outcomes posstroke.

There is limited level 2 evidence that therapeutic ultrasound may reduce alpha motor neuron
excitability that is associated with ankle plantaflexor spasticity.

There is level 1b evidence that rehabilitation programs compared to standard medications may
improve spasticity for the ddows, fingers and plantar flexion

There is level la evidence that ankle exercisesnpared to conventional therapy may not
improvegait, ankle range of motion or spasticity but may improve balance.

There is level 3 evidence that robotic training may not improve spasticity, gait, or spasticity

There is level 1b evidence that a single gemsof isokinetic or isotonic muscle stretch may not
improve measures of gait.

There is level 1la and limited level 2 evidence that repetitive transcranial magnetic stimulation
may improve ADL performance, gait and balance.

There is level la evidence thatanscranial direct current stimulation may not improve gait or
balance outcomes, but may improve functional recovery and knee extension force.

There is level 1b evidence that galvanic vestibular stimulation may not improve pusher behaviour
or lateropulsion

There is level 1a evidence from higjuality, high-powered studies that acupuncture may not
improve balance, gait, motricity, spasticity or independent functioning. However, there is limited
level 2 evidence from lovguality studies that balance, motorunction and performance of
activities of daily living may be improved following acupuncture.

There is level 1a evidence that electroacupuncture may not improve motor function or ADL.

There is level 1b evidence that acupressure led by nurses may imprexes lonb motor function.
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82. There is level 1a evidence that various Chinese Medicine therapies may not improve lower limb
function compared to placebo.
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